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Updates in the Second Edition of the Book
Second Edition of the Book is Coming Soon!


  
  The second edition of my OER (Open Educational Resource) book, “Project Management: Navigating the Complexity with a Systematic Approach,” is available online by January 9, 2025.

  
    	All sections were revised and reformatted.

    	Considering the increasing usage of agile (adaptive) project management frameworks and methods by project teams in various industries besides IT and software development and the increased 20% weight of the “Agile Frameworks / Methodologies” domain in the PMI’s CAPM exam, the content of Chapter 12 “Agile (Adaptive) Project Management” was revised and expanded. A new section dedicated to Scrum was added.

    	Due to the unprecedented rise of Generative AI (GenAI) with the introduction of ChatGPT and other Large Language Models, a new chapter on the utilization of Generative AI in project management, titled “Chapter 14. Generative Artificial Intelligence (GenAI) and Project Management” was added.

    	New exercises were included in all chapters, with answers provided only for instructors.

    	Updated PowerPoint presentations and Blackboard question pools are also available for instructors.
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Preface and Acknowledgements


  
  
    
      
        
          The first edition of this OER (Open Educational Resource) book was made available in October 2022. Since its release, significant advancements have occurred, including the rise of AI tools like ChatGPT and other Large Language Models (LLMs), which have influenced the education sphere. However, the revisions in this edition were not solely driven by AI developments. Updates addressed feedback and improved the book’s effectiveness as a learning resource. Exercises were added to promote active engagement, and several sections were expanded to provide clearer explanations and better support students in mastering the material. Additionally, the book’s adoption by more than 40 professors worldwide for their project management classes underscores its value and has inspired further refinements to meet diverse classroom needs.

        

      

    

  

  In this book, I wanted to demonstrate how project managers and teams can use project management software to facilitate their work. You can find tutorials on Microsoft Project, a popular project management software program utilized worldwide by numerous project managers and teams, at the end of Chapter 4 (Project Planning), Chapter 7 (Scheduling), Chapter 8 (Resource Management), Chapter 9 (Budget and Procurement), and Chapter 11 (Monitoring and Controlling).

  Besides, instructors can download PowerPoint presentations prepared for each chapter in the “PowerPoint Presentations for Instructors” section. Instructors can access the files after they fill out the “Interest/Adoption Form”.

  While writing the first edition of this book, I benefited from the earlier OER books. I want to thank the authors and contributors for their great work. These works are:

  
    	Project Management by Adrienne Watt. © CC BY (Attribution).

    	Project Management from Simple to Complex. © CC BY (Attribution).

    	Project Management by Florence Daddey. © CC BY (Attribution).

    	Project Management Fundamentals by Shelly Morris. © CC BY (Attribution).

    	Project Management by Merrie Barron and Andrew R. Barron. © CC BY (Attribution).

  

  This book’s first and second editions would not be possible without Cleveland State University’s (CSU) support. The Textbook Affordability Summer Symposium introduced me to the world of OERs in the summer of 2021. During this symposium, I understood that this was the solution I had been looking for to ensure that students and all learners could access good quality resources free of charge. So, I decided to apply for the Fall 2021 Textbook Affordability Grant. Approval of my application led to a long, tiring, but very exciting process. This book wouldn’t have been possible without the greatest project team of Amanda Goodsett, the Librarian and OER and Copyright Advisor, and Barbara Loomis, the Digital Scholarly Publications and Programs Administrator, both from the Michael Schwartz Library of CSU. I immensely thank Mandi and Barb for their assistance, suggestions, and infinite patience during the preparation and publication of both editions.

  I also owe an enormous gratitude to the reviewers who gave me detailed and constructive comments on all the chapters in both editions.

  Abdullah Oguz, Ph.D., PMP®
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Interest/Adoption Form and Feedback/Report Form


  
  Interest/Adoption Form

  For instructors: Please tell us a little bit about your class.  If you are an instructor reviewing or selecting the text, please register on the Interest/Adoption form at https://forms.office.com/r/m1MQCaQNVB 

  Feedback/Report an Error Form

  Please use the Feedback/Report an Error form at https://forms.office.com/r/nYGx6HRA28 to provide feedback to the author of this open textbook, Project Management.  Your contact information is optional.  
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Peer Reviewer Acknowledgements


  
  Every chapter of this text was blind peer reviewed by at least one and usually two peer reviewers prior to publication. The author and publisher of Project Management would like to thank the following Peer Reviewers for their input.

  
    	Sharen Bakke, Senior College Lecturer, Information Systems Department, Cleveland State University

    	Ike Ehie, Professor and CBA Faculty Fellow, College of Business, Kansas State University

    	Lavognon Ika, Professor of Project Management, Telfer School of Management, University of Ottawa

    	Simon Ringsmuth, Teaching and Learning Librarian, Oklahoma State University

    	Tracy Christofero, Professor / Program Coordinator, Lewis College of Business, Marshall University

    	Andrew Miller, Teaching Assistant Professor, Management and Human Resources, University of Wisconsin – Oshkosh

    	Michael Vieira, Adjunct Instructor, Wentworth Institute of Technology
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Instructor Resources


  
  Instructor resources:

  
    	PowerPoint presentations for all chapters

    	Question pools for the Blackboard LMS

    	Answers to the end-of-the-chapter exercises

  

  1. PowerPoint Presentations for All Chapters:

  
    Project-Management-OER_Chapter1_A.Oguz_
  

  
    Project-Management-OER_Chapter2_A.Oguz_
  

  
    Project-Management-OER_Chapter3_A.Oguz_
  

  
    Project-Management-OER_Chapter4_A.Oguz_
  

  
    Project-Management-OER_Chapter5_A.Oguz_
  

  
    Project-Management-OER_Chapter6_A.Oguz_
  

  
    Project-Management-OER_Chapter7_A.Oguz_
  

  
    Project-Management-OER_Chapter8_A.Oguz_
  

  
    Project-Management-OER_Chapter9_A.Oguz_
  

  
    Project-Management-OER_Chapter10_A.Oguz_
  

  
    Project-Management-OER_Chapter11_A.Oguz_
  

  
    Project-Management-OER_Chapter12_A.Oguz_
  

  
    Project-Management-OER_Chapter13_A.Oguz_
  

  
    Project-Management-OER_Chapter14_A.Oguz_
  

  2. Question pools for the Blackboard LMS

  Please contact the author, Abdullah Oguz, by sending an email to a.oguz@csuohio.edu. He will send the .zip folder to you.

  3. Answers to the end-of-the-chapter exercises

  
    Answers_Exercises_OER_ProjectManagement_A.Oguz
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Chapter 1. Introduction to Project Management




1.0 Learning Objectives and Overview


  
  
    
      Learning Objectives

    

    
      
        	Define projects and explain the characteristics of the projects.

        	Explain two main project characteristics (uniqueness and being temporary) that distinguish projects from operations and processes.

        	Identify primary project constraints.

        	Explain why projects cannot be successful all the time.

        	Elaborate on the project management life cycle, the process groups, and knowledge areas.

      

    

  

  Overview

  This chapter’s primary objective is to list and explain the key concepts related to project management and describe important benefits related to projects as well as the formal study of project management. This chapter provides an overview of project management, defining both projects and project management and exploring the difference between project management and operations management. Technological innovations and disruptions, and constantly changing social and economic conditions locally and all across the world impose new burdens on the organizations to shorten the time needed to develop and deliver new products and services that would increase organizations’ competitive advantage. Therefore, many organizations have become more aware of adopting a systematic project management approach that can drive the change they desire (see Chapter 12). This chapter also provides the concepts of project life cycle, project management process groups, and project management knowledge areas according to the PMBOK Guide 6th Edition.

  




  
  





1.1 Definition and Key Concepts of Project Management


  
  Projects are defined by PMBOK Guide 6th and 7th editions as “a temporary endeavor undertaken to create a unique product, service, or result.”[1][2] These two characteristics will be detailed in the following section, “Project Characteristics.” Besides, key project management concepts, which are constraints, key success factors, project life cycle, project process groups, and knowledge areas, will be delineated.

  We regularly engage in projects in our daily lives and frequently use the term “project” in our daily conversations. Although it had not been put forward in an organized way, people have been undertaking projects since the earliest days of organized human activity when our prehistoric ancestors had hunting parties. Large complex undertakings such as the Seven Wonders of the World, including the only surviving artifact, the pyramids of Giza, were also projects. Even something as simple as creating a dinner or picking up your daughter from school can be considered a project. Renovating our house’s garage, planning a Disney vacation for kids, getting married, and achieving a degree, diploma, or certificate are also projects. One of the common and most utilized project software programs, Microsoft Project Professional 2019, provides a “Wedding Planner” template.

  Examples of some projects and their outcomes can be given as planning and executing the summer and winter Olympic games, building the Great Wall of China, developing the COVID-19 vaccine, constructing the Chernobyl New Safe Confinement, preparing and publishing a journal or a project management textbook, building the Suez Canal, development of a commercial jet airplane such as Airbus A380 and Boeing 787, developing or modifying software packages, and successfully launching the Hubble Space Telescope. Besides these far-famed projects, Project Management Institute’s (PMI) web pages on “PMI Project of the Year Award”[3] and “Most Influential Projects”[4] would be very helpful to be familiar with some of the recent ongoing or successful, and influential projects implemented all across the world.

  Organizations of all shapes and sizes continue to transform how they innovate and deliver to improve customer satisfaction continuously. Suppose an organization wants to increase its revenue and profit, gain more market share, increase the number of loyal customers, and ultimately obtain a stronghold in its market. In that case, it needs to plan and execute projects that will lead to and drive change rather than just performing and relying on routine daily tasks. If we have a grocery market, selling the same products daily to the customers would help us maintain the profits at a level we can survive. However, another grocery market has started to operate in our neighborhood. Besides traditional in-person shopping, we all witness a significant surge in electronic commerce websites’ product portfolio and sales (e.g., web-based businesses such as Amazon and AliExpress, and click-and-mortar businesses such as Walmart and Target). Together, both factors, a grocery market in the neighborhood and e-commerce websites, could lead to a downward trend in sales and profit for our grocery market. Thus, even to protect our current position, we may have to come up with new ideas that have not been implemented by us before. We can add new brands to our shelves, offer new product lines, expand the store to accommodate more products, offer promotions to attract more customers, create social media and YouTube videos, launch a new e-commerce website, or establish a partnership with food delivery companies such as Grubhub and Uber eats. All of these ideas require preparing a business case to evaluate their feasibility. If we decide to proceed with this idea, we can initiate a project to generate outcomes that would produce tangible and intangible benefits for our grocery market. Disruption is the new normal, but it must be done correctly when an organization introduces change. Succeeding in such turbulent times means organizations cannot afford to waste precious resources on failed projects. This is the primary reason why many organizations recognize tools, techniques, and processes associated with project management and implement a systematic project management approach relying on best practices and lessons learned.

  

  
    
      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.) ↵


      	Project Management Institute. (2021) PMBOK® Guide (7th ed). Project Management Institute. ↵


      	
        https://www.pmi.org/about/awards/professional/project-of-the-year
        ↵
        

      

      	
        https://www.pmi.org/most-influential-projects
        ↵
        

      

    

  

  




  
  





1.2 Project Characteristics


  
  PMBOK Guide 6th and 7th Editions define a project as a temporary endeavor undertaken to create a unique product, service, or result. The starting point in discussing how projects should be properly managed involves evaluating how we identify a project and understanding how we differentiate it from daily operations, and hence, clearly outline which tasks cannot be defined as a project. Therefore, distinguishing between a project and a process (or an operation that is a routine task repeated regularly) is highly important.

  A project has two primary attributes that distinguish it from ongoing and routine work, which are business operations. They can be listed as below:

  
    	Projects and their outcomes are unique.

    	Projects are temporary, that is, they have a definite beginning and ending date.

  

  Projects are completed when the project goals are achieved or it’s determined that the project is no longer viable. Eventually, a successful project meets or exceeds the expectations of the stakeholders.

  In the following subsections, let us discuss these two distinctive characteristics.

  
    1.2.1 Unique outcome
  

  Projects produce unique products, services, or results. Projects exist to bring about a product, service, process, or outcome that hasn’t existed or been used before by the implementing organization or beneficiaries. While some projects are based on previous projects that were carried out in a similar fashion, each project is unique and begins with a business case and project charter. Constructing a replica of a building should also be considered a project, although the same architectural blueprints are used. Although containing repetitive elements, this new construction work requires conceptualization and planning. A project manager is assigned to that project, who creates, develops, and manages a new project team and prepares detailed planning for the project constraints such as scope, schedule, budget, resources, risks, and quality. That building may be constructed in the same area (even next to the existing building) or in another city, state, or country. Naturally, construction at other locations could necessitate substantial customization (tailoring), considering the internal influencers as well as external influencers such as weather, legislative regulations, and supply chain factors in new locations.

  Projects can involve developing and producing a new deliverable. Besides, in many cases, they may address improving and modifying an existing deliverable. Examples of projects can be listed below:

  
    	Modification of an ERP (Enterprise Resource Planning) system by revising the current modules and adding new modules,

    	Installing new safety features to a vehicle (e.g., new airbags, traction systems, accident prevention systems),

    	Remodeling a building or a parking lot,

    	Renovating the power lines all across a city or state,

    	Reorganizing the workflow in a workplace such as a restaurant, grocery market, local motor vehicles bureau, and library,

    	Creating a designated area for self-checkout kiosks in markets,

    	Creating a new TV, YouTube, or social media advertisement for a hand sanitizer.

  

  Each project requires a unique approach based on the objectives to be achieved, the complexity and/or the size of the work required, the number, interests, and powers of stakeholders involved, and the clarity of the solutions being pursued. Those skilled in the art and science of project management can tailor the use of tools, techniques, and processes to maximize the value delivered to and by the organizations.

  When the project deliverables are inspected and accepted by the client (i.e., customer or product owner), and the project is closed, the project manager can hand over the deliverables to the operational units, which are at the organization of internal or external clients. For example, if the project’s objective was to create a new payroll information system in an organization, the system is delivered to the IT department and/or the payroll department of the organization. From there, these functional departments can utilize and maintain the system. The payroll department can pay the employees’ monthly salaries based on the inputs entered into the system. Paying salaries to these employees regularly becomes an operation (a routine task). Thus, the organization can benefit from the new system since payrolls are computed properly with minimum acceptable errors and by avoiding human errors. However, whenever there is a new need to modify the system or purchase a new one, this should be treated as a new project, which will require establishing a new project team and assigning a project manager. Therefore, this leads us to the second characteristic of a project, which is its temporary nature.

  
    1.2.2 Temporary Nature
  

  The second characteristic distinguishing a project from an ongoing work is its temporary nature. Projects are not an everyday business process and have a definite beginning date and an end date. A project is assigned a schedule with a certain completion date because the ultimate objective of a project is to benefit from its deliverables. Therefore, a significant portion of the project effort is dedicated to completing the project at the appointed time. To do this, schedules indicate explicitly when tasks should begin and end. Activity network diagrams and Gantt charts help determine, visualize, and monitor the schedule of the whole project and the interdependence among project activities. Projects can last minutes, hours, days, weeks, months, or years.

  In contrast with projects, operations are ongoing and repetitive. They involve continuous work without an ending date wherein the same processes are repeated to produce the same results. The purpose of operations is to keep the organization functioning, while the purpose of a project is to meet its strategic goals and create a change in the organization to acquire new or additional tangible or intangible benefits that cannot be acquired by conducting daily operations. Projects aim to move an organization from a current state to a desired state in the future, where the organization can find the opportunity to move forward and improve its financial and market conditions.

  To illustrate this, consider a hypothetical automaker that operates on a global scale. Designing a new SUV and its components based on a strategic objective, creating prototypes, and conducting crash and safety tests require a systematic project management approach. After delivering the final product, this SUV can be placed on the assembly line in a factory. Whenever all the parts are assembled in this manufacturing facility by workers, robotic arms, and machinery, and hundreds of vehicles are manufactured on a daily, weekly, or monthly basis, this process becomes an operation. Ordering raw materials and vehicle parts to create many vehicles in the factory constitutes the operational process which also consists of the transactions occurring along the supply chain on an ongoing basis. As long as consumers demand this vehicle model and it is profitable for the company to manufacture and sell it, the company can continue manufacturing it. All these repetitive and routine manufacturing processes can be considered an operation. However, when there is a need to change some vehicle features (e.g., adding new airbags or modifying some engine components), the company would need to start a new project.

  A project is completed when its goals are accomplished and its deliverables are approved by the client. Sometimes projects end when it is determined that the goals and objectives cannot be accomplished or when the project outcome is no longer needed. Serious schedule delays or a need to increase the budget substantially might cause the project sponsor to consider cancellation. Some reasons to terminate the projects earlier than their scheduled completion time can be listed as follows:

  
    	Funding is exhausted or no longer available,

    	Resources (human resources, physical resources, or services) are no longer available,

    	The external client (funder) or the current or potential customers no longer want the project completed,

    	The organization changed its strategy or determined a new priority,

    	Management decided to end the project, and

    	A legal cause or a new regulation necessitated the project to end.

  

  Terminating a project before completion is uncommon without achieving its goals and carrying out all the activities. Nevertheless, these unsuccessful projects are still considered as projects.

  
    1.2.3 Two Examples of Evaluating a Project’s Uniqueness and Temporary Nature
  

  The uniqueness of a project and its temporary nature would help a business or organization to assess if it has a project, and hence, would need to implement a systematic project management approach and form a project team.

  
    
      
        Characteristics of the “Self-Checkout Stations Project” Undertaken by Grocery LLC
      

    

    
      Our organization is a grocery chain (Grocery LLC) with fifty branches across five states. During the weekends, and between 4 pm and 7 pm during the week, these branches, in general,  experience more than usual traffic of customers. Therefore, long lines form in front of the current check-out stations where the cashiers work. Sometimes, it is impossible to assign an adequate number of cashiers to all the existing stations because of the lack of personnel. Grocery LLC’s chief operations officer (COO) visited the CEO’s office several times to discuss potential solutions to this problem. With the help of her operations team, she prepared a business case with several solutions. During the preparation of the business case, to elicit the business, stakeholder, and solution requirements of these solutions, the team sent paper and e-mail surveys to all the branches to understand managers’ and employees’ expectations and interviewed ten managers, ten supervisors, and thirty employees who volunteered for follow-up and further examination.

      Furthermore, two hundred customers who volunteered and were given a $20 gift card to spend at the grocery market were interviewed when they visited these branches to shop during busy hours. The team also visited other grocery chains’ markets, which are the main competitors of Grocery LLC, to observe their daily operations. The team also collaborated with a market research consultancy company for further analysis and to receive expert judgment. Among several options, the candidate solution with the highest priority was identified as establishing self-checkout areas in all the branches. This solution was discussed in the project selection committee meeting, in which our organization’s CFO, CTO, and senior representatives from three departments (R&D, procurement, and human resources) were the members. Based on pre-determined criteria and the weights that our organization uses for all the projects (see Chapter 2, Table 2.5), this solution was selected to proceed with as a project. The committee decided to organize the project as a program and to assign 5 project managers who are responsible for ten branches each. Grocery LLC wanted to start the project in January 2022 and finish all the work by August 2022. Once self-checkout areas are built and inspected to verify if they can be utilized to the full capacity with all the requirements met, customers will be able to check out their items themselves without the presence of cashiers, and, hence they can avoid crowded lines.

      Based on this example, we should ask first if this can be considered a project. Projects are temporary and, hence, have a definite start date and an end date. They result in the creation of a unique product, service, process, or outcome and are completed when their goals and objectives have been met (or the objectives cannot be met, and accordingly, they are terminated early) and finally signed off by the project sponsor and the clients (funder).

      Using these criteria, let’s examine if the establishment of self-checkout areas in all branches is a project:

      
        	Is it unique? 	Yes, because the self-checkout kiosks don’t exist in this grocery chain. The outcome of this project is a new way of service to customers, which would increase the speed of checkouts and reduce the lines at traditional checkout stations. The main purpose of this project is to provide faster service to the customers during busy hours. For each branch, a new design and implementation can be required due to the different layouts and sizes, and according to varying demands of the local customers. Therefore, it is also a unique endeavor for each branch.



        	Is this a temporary endeavor? Is there a way to determine when the project is completed? 	Yes, the project starts in January 2022 and ends in August 2022. When the kiosks are installed, and the self-checkout service is offered to the customers at each branch, we can close the project and disband the project teams. Then, this will become an operation that is carried out every day.



      

      Besides these two characteristics, we should also ask another question related to a project’s constraints.

      
        	Is there a way to determine stakeholder satisfaction? 	Yes, the stakeholders’ expectations will be documented as requirements while preparing a needs assessment, business case, and a benefits realization plan before the project starts and during the initiation and planning processes. These requirements will be compared to the finished product to determine if the self-checkout stations could satisfy stakeholders’ expectations, primarily market employees and customers.



      

    

  

   

  
    
      
        Characteristics of “M-Commerce Project” Undertaken by Grocery LLC
      

    

    
      Physical sales have declined worldwide since the onset of the COVID-19 pandemic. Customers prefer buying online instead of visiting a store in person since they are concerned about contracting COVID-19. Our fifty stores in five states lost around 30% of regular customers, and the revenue declined by 25% since the start of the pandemic restrictions in March 2020. Considering the pessimistic trends forecasted regarding the pandemic and the increasing digitalization of companies and consumers, the project selection committee decided to have a better online presence by creating a mobile app and optimizing the website for mobile devices. Therefore, our current customers who purchase goods and services from our grocery stores, as well as potential customers, will have the opportunity to purchase through their computers and smartphones. So, our team was asked to elicit the requirements by communicating with the key stakeholders, such as grocery managers, employees, and customers. It was planned to start this project on May 2, 2022, and finish on October 27, 2022.

      Let’s evaluate this project in terms of uniqueness and temporary nature.

      
        	Is it unique?

      

      Yes, because the grocery chain diversifies its sales channels by strengthening its online presence by optimizing its website for mobile devices and creating a new mobile application. The outcome of this project is that it offers a new way of service to customers.

      
        	Is this a temporary endeavor? Is there a way to determine when the project is completed?

      

      Yes, the project starts on May 2, 2022, and finishes on October 27, 2022. When the mobile app is ready for the customers to install on their smartphones and customers can view the website on their mobile devices, we can perform administrative and financial tasks to close the project, and we can disband the project team. Then, this becomes a routine task for the operational units to maintain and support the website and mobile app.

      
        	Is there a way to determine stakeholder satisfaction?

      

      Yes, the stakeholders’ expectations will be documented as requirements while preparing a business case and during the initiation and planning processes. The requirements for a mobile app and optimized mobile website will be compared to the finished products to determine if they satisfy stakeholders’ expectations.

    

  

  




  
  





1.3 Project Constraints


  
  Projects do not live in a vacuum. They are affected by many factors, including constraints, assumptions, and internal and external factors (referred to as Enterprise Environmental Factors – EEFs by PMBOK Guide 6th Edition). Three main constraints (i.e., triple or iron triangle constraints) are scope, schedule, and cost, which are considered the main pillars of a project. They are also the main reason we need a systematic project management approach. These primary constraints also compete with each other. Therefore, project managers should consider trade-offs among them. For example, increasing the project scope may require revising the schedule and budget.

  In many cases, expanding the project scope with more product specifications and project activities would result in a longer schedule and higher budget. This trade-off will be discussed in the following sections and mostly in their respective chapters. Maintaining the balance among these constraints is difficult because projects are prone to change. Thus, the technical and interpersonal skills of project managers, how they utilize the best and proven practices of project management, and the quality of a project team are essential prerequisites for conducting an effective project.

  Besides triple constraints, the other three constraints, which are also tightly linked to the triple constraints, are resources, quality, and risks. Tightly aligned with and at the top of all these six constraints, the success of a project depends on the client and/or stakeholder satisfaction. Clients decide to accept a project’s final deliverables by evaluating these constraints.

  
    1.3.1 Scope
  

  Project scope is the work performed to deliver a product, service, or result with the specified features and functions[1]. Scope refers to what the project is trying to achieve. It entails all the work involved in delivering the project outcomes and the processes used to produce them. It reflects the purpose of the project. The difference between the project and product scopes will be detailed in Chapter 4, “Project Planning.”

  A project is built upon the scope. After all the product or service requirements are elicited from all relevant stakeholders, observations, documents, and other sources, the project manager can start working on the project activities that will be carried out to meet these requirements. After product requirements and project activities are defined, and the activities are sequenced, the project manager and the team can proceed with the estimation of activity durations, allocation of resources, estimation of costs, and identification of risks, quality, and performance metrics.

  
    1.3.2 Schedule
  

  A schedule is a model for executing the project’s activities, including durations, dependencies, and other planning information[2]. Project scheduling provides a detailed plan that represents how and when the project will carry out all the activities leading to the delivery of the products, services, and results defined in the project scope. It serves as a tool for communication and collaboration with all the stakeholders and managing and monitoring their expectations. It also serves as a baseline for performance reporting[3]. While monitoring the performance and progress of a project, a schedule is assessed commonly to identify problems (e.g., delays, missed deadlines, incomplete deliverables) in the project. After the project team defines the activities based on the product and project scopes, activity durations are estimated, activities are sequenced, their interdependences are outlined, and hence, the resources can be allocated to each activity. The project schedule should also consider national, federal, or local holidays and the absence of human resources due to vacations and other issues such as sickness and family issues. We will discuss scheduling in Chapter 7, “Scheduling.”

  
    1.3.3 Cost
  

  Cost is the budget approved for the project, including all necessary expenses needed to deliver the project. Within organizations, project managers have to balance between not running out of money and not underspending because many projects receive funds or grants that have contract clauses with a “use it or lose it” approach to project funds. Poorly executed budget plans can result in a last-minute rush to spend the allocated funds. For virtually all projects, the cost is a limiting constraint; few projects can go over budget without eventually requiring corrective action. We will discuss cost management in Chapter 9, “Budget and Procurement.”

  
    1.3.4 Quality
  

  Quality is a combination of the standards and criteria to which the project’s products must be delivered for them to perform effectively. As quoted by the PMBOK Guide 6th Edition from ISO 9000 standards, “Quality as a delivered performance or result is the degree to which a set of inherent characteristics fulfill requirements.” The product must perform to provide the functionality expected, solve the identified problem, and deliver the benefit and value expected. It must also meet other performance requirements or service levels, such as availability, reliability, and maintainability, and have an acceptable finish and polish. We will discuss quality management in Chapter 11, “Monitoring and Controlling.”

  
    1.3.5 Resources
  

  In order to carry out and complete project activities, the project manager should allocate various resources such as human resources for the project team and all other activities, physical resources (e.g., equipment, materials, facilities, software, testing environments, licenses, infrastructure, and supplies), and services (e.g., consulting and subcontractors). Resources can be determined and allocated when the activities are defined and scheduled. Then, the budget for each activity can be computed based on the allocation of all resources. We will discuss resource management in Chapter 8, “Resource Management.”

  
    1.3.6 Risks
  

  A risk is an uncertain event or condition that, if occurs, has a positive or negative effect on one or more project objectives. Negative risks are called threats, and positive risks are called opportunities[4]. Two main factors determine the severity of a risk: (1) Probability of occurrence and (2) impact on the project. Risk responses are planned based on the severity level. We will discuss individual and overall project risks and their management in Chapter 10, “Project Risks.”

  

  
    
      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


      	Project Management Institute. (2021). A guide to the Project Management Body of Knowledge (PMBOK guide) (7th ed.). Project Management Institute. ↵
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1.4 Project Success


  
  Project success and project management success are generally evaluated as different concepts. Project success deals with the impacts of a project’s final product or service on stakeholders. Projects aim to create a unique outcome. Project management success focuses on the processes of a project, including the successful accomplishment of the scope, within budget (cost), within time (schedule), and quality aspects. In our grocery chain example, we can close the project when the self-checkout areas are inspected by the inspection committee composed of the representatives of the operational unit responsible for all fifty markets and several store managers. The evaluation and acceptance are conducted by the inspection committee by comparing the requirements with the final deliverables, validating that all the requirements have been implemented and the self-checkout stations are ready to use by the customers. The inspection committee checks all fifty branches to confirm if the requirements in the project scope are met and quality standards are complied with. Let’s assume the project finished on time and the budget was not exceeded. Therefore, we can consider this as a project management success. Eventually, we can close the project and disband the project teams.

  After these self-checkout areas opened for the customers, we observed that most customers started to avoid these areas and continued to use checkout stations where cashiers and baggers were available even though customers waited in lines for more than ten minutes. This project was successfully managed but did not meet the client and customer expectations. Organizations initiate projects to address business needs (problems or opportunities) and create tangible and intangible benefits by creating an outcome from which organizations can benefit. The realized value of the project can be measured by the project stakeholders. However, our company couldn’t gain the expected value. When the underlying reasons were investigated, it was found that lack of human contact was the main reason. Most of the customers, especially Generation X, and baby boomers, still wanted to maintain an interaction with employees to ask for the warranties and the quality of the items or even have a short chat with the cashiers and baggers. Besides, they generally asked for help with the bagging even if they used the self-checkout stations. Since it was not a problem due to the technology but affected the solution significantly, the COO and her team decided to add some employees in these areas to help the customers. After the changes were done, it was observed that more customers started using the self-checkout areas. However, the operational team decided to monitor the performance of these areas to take further actions if needed.

  Not all projects benefit from successful completion. Many factors influence the success of a project. PMI 2020 Pulse of the Profession[1] reported that 11.4% of investment is wasted due to poor project performance. What makes it worse is that this percentage spikes to 67% in organizations that undervalue project management as a strategic competency for driving change. PMI’s same study reported that the factors responsible for the failure were a lack of clearly defined and/or achievable milestones and objectives to measure progress (37%), poor communication (19%), lack of communication by senior management (18%), employee resistance (14%), and insufficient funding (9%).

  Another report by the Standish Group, “CHAOS 2020: Beyond Infinity”, indicated that 31% of projects were successful while 50% were challenged and 19% failed[2]. This report referred to three factors to improve project performance, that are good sponsor, good team, and good place.

  Consequently, a project manager and the team should manage a project effectively. If not done so, projects may fail due to the factors listed below:

  
    	Unrealistic and vague goals

    	Uncontrolled expansion of the project scope (Scope creep)

    	Absent or ineffective relations with the clients/customers and other stakeholders

    	Cost overruns

    	Schedule delays

    	The insufficient amount and/or quality of resources

    	Toxic organizational culture and politics (e.g., mistreatment, aggression, incivility, harassment)

    	Organizational and/or team conflicts

    	Poor communication with stakeholders

    	Unsatisfied stakeholders

    	Ineffective quality assurance and inspections and/or poor quality

  

  

  

  
    
      	PMI (2020). Ahead of the Curve: Forging a Future-Focused Culture. Pulse of the Profession. https://www.pmi.org/learning/library/forging-future-focused-culture-11908↵
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1.5 Project Management Life Cycle and Process Groups


  
  Projects start their life by developing the project’s foundations (i.e., primary objectives, high-level scope, schedule, budget and risks, project team composition), continue with planning all the knowledge areas, executing all the activities, and producing the outcomes (i.e., products, services, or processes), and end by reaching a close-out by archiving all the documents, completing all administrative works, and disbanding the team. This is the life cycle of a project, which makes it temporary and unique. This life cycle is composed of stages or phases, which are generically named starting (initiating, conceptualization), planning (organizing and preparing), implementing (executing, carrying out), and termination (close-out, ending) (Figure 1.5.1). These phases can also be named differently based on the industry, product scope, project complexity and size, needs of management, legal or regulatory requirements, decision points such as go/no-go decisions, and milestone review. For example, if the project aims to create an information system such as a payroll system, project life cycle stages can be named as feasibility study, elicitation of customer requirements, development of solutions, design, creating prototypes, coding, testing, transitioning, commissioning, milestone review, lessons learned, administrative closure, and archiving.

  
    [image: Figure 1.1 displays four generic life cycle phases. In this figure, there are four columns for each phase. The first one includes Starting, Initiating, and Conceptualizing. The second one includes Organizing and Preparing, Planning, and Analyzing and Designing. The third one includes Carrying Out the Work, Implementing, and Executing. And the last, fourth column, includes Ending the Project and Closing-Out. These are the names used for each phase interchangeably.]
    
      Figure 1.5.1 Project Life Cycle Phases
    

  

  While project life cycle stages offer a step-by-step process to manage a project, practical issues require focusing on processes and their groups as described by the PMBOK Guide 6th Edition. The project life cycle is managed by executing a series of project management activities known as project management processes. These processes are prescriptive, meaning they explicate each process within an input-output diagram where various project management tools and techniques are utilized. Although they are very helpful for project managers, the PMBOK Guide 6th edition always emphasizes tailoring processes and techniques based on each project’s characteristics. This is why PMBOK Guide 7th Edition adopted a new approach through which the processes have been replaced by principles. Nevertheless, project managers can still benefit from the process-centered approach as processes provide a comprehensive guideline.

  Each process makes use of inputs and produces outputs by using appropriate tools and techniques. These processes can be implemented globally across industries. For example, one of the processes, developing a project charter, is the starting point for all projects regardless of their industry, size, complexity, and location. This process uses business documents, agreements, enterprise environmental factors, and organizational process assets as inputs. It produces the outputs as a project charter and assumption log using tools and techniques such as expert judgment, data gathering, interpersonal and team skills, and meetings.

  Different from project life cycle phases, but in line with them, these processes are grouped inside five project management process groups according to the PMBOK Guide 6th Edition. Names of these groups and their purposes are provided below:

  
    	Initiating 	To define a new project or a new phase of an existing project by obtaining authorization to start the project or phase.



    	Planning 	To establish the scope of the project, refine objectives, and define the course of action required to attain the objectives.



    	Executing 	To complete the work defined in the project management plan to satisfy the project requirements.



    	Monitoring and Controlling 	To track, review, and regulate the progress and performance of the project, to identify any areas in which changes to the plan are required, and to initiate the corresponding changes.



    	Closing 	To formally complete or close the project, phase, or contract.



  

  An important factor that distinguishes these process groups from the life cycle stages is the addition of monitoring and controlling as a separate process group. Monitoring and controlling process group is performed throughout the project as it is of high importance and necessity to ensure that the project is on track, and to intervene in problems when detected. As seen in Figure 1.2, these process groups overlap, and the sharp boundaries in the project life cycle disappear, making it more realistic. For instance, planning continues with lower levels of process interaction and effort while executing process group is conducted since plans and product requirements are subject to changes due to factors such as changes in stakeholder requirements, dynamic market conditions, and technological advancements.

  
    [image: Figure 1.2 displays five process groups that were identified by the PMBOK Guide Sixth Edition. The vertical axis represents "Level of effort (workforce, resources, interaction)". The horizontal axis represents "Time. Monitoring and Controlling process group spans throughout the whole project from start to finish. All process groups overlap with one another. The highest effort is spent for Executing Process Group.]
    
      Figure 1.5.2: Project Management Process Groups (Adapted from PMBOK Guide 6th Edition)
    

  

  




  
  





1.6 Project Management Knowledge Areas


  
  Another way of categorizing processes is through the knowledge areas, according to the PMBOK Guide 6th edition. These knowledge areas are defined by knowledge requirements. They are:

  
    	Project Integration Management

    	Project Scope Management

    	Project Schedule Management

    	Project Cost Management

    	Project Quality Management

    	Project Resource Management

    	Project Communications Management

    	Project Risk Management

    	Project Procurement Management

    	Project Stakeholder Management

  

  These knowledge areas constitute the basic layout of almost all project management textbooks. This is also the main approach we follow throughout this book.

  




  
  





1.7 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	A project is a temporary endeavor undertaken to create a unique product, service, or result.

        	A project has two distinctive characteristics that distinguish it from ongoing and routine work (i.e., business operations). Projects are unique and temporary.

        	Projects are confined to a variety of constraints. Triple (iron triangle) constraints are scope, schedule, and cost. Besides being tightly linked with triple constraints, resources, quality, and risks are also evaluated as constraints.

        	Project success deals with the impacts of a project’s final product or service on stakeholders. Project management success focuses on the processes of a project, including the successful accomplishment of the scope, within budget (cost), within time (schedule), and quality aspects. A project may be successfully managed but not meet the client or customer’s expectations.

        	The project life cycle is composed of phases, which are generically named starting (initiating, conceptualization), planning (organizing and preparing), implementing (executing, carrying out), and termination (close-out, ending).

        	Different from project life cycle phases, but in line with them, processes are grouped inside five project management process groups according to the PMBOK Guide 6th Edition. They are named initiating, planning, executing, monitoring and controlling, and closing.

        	Project management is also assessed in terms of knowledge areas that constitute the basic layout of most of the project management textbooks.

      

    

  

   

  




  
  





1.8 Multiple-Choice Questions


  
  There are 14 questions for Chapter 1.  As you submit each answer, you will get immediate feedback (correct answer) and be taken to the next question. 

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=41

  

  

   

  




  
  





1.9 Exercises


  
  
    
      
        Exercise 1: Evaluating the Characteristics of a Project
      

    

    
      You have been assigned as a project manager for a new initiative within a nationwide chain of fitness centers. The project aims to create a mobile application for members to manage their fitness journeys. The app will include features such as:

      
        	Personalized Workout Plans: Users can create or receive tailored workout routines based on their fitness goals and available equipment.

        	Progress Tracking: Users can log their workouts, track their progress, and receive feedback on their performance.

        	Online Class Scheduling: Users can book the chain’s live or virtual fitness classes.

        	Integration with Wearable Devices: The app will sync data with popular fitness trackers.

      

      The project has the following parameters:

      
        	Start Date: March 1, 2024

        	End Date: November 30, 2024

        	Budget: $1.5 million

        	Team Composition: A cross-functional team, including software developers, fitness experts, and marketing specialists.

        	Stakeholders: Fitness center management, members, and technology vendors.

      

      Once the app is developed and approved by stakeholders, it will be handed over to the IT operations team, who will maintain the app and provide support for ongoing usage.

      
        Questions:
      

      
        	
          Unique Outcome
          
            	How does the mobile application’s development demonstrate this project’s unique nature?

            	Are there elements of the project that differentiate it from daily operations within the fitness center chain?

          

        

        	
          Temporary Nature
          
            	How does the defined schedule (start and end dates) illustrate the temporary nature of this project?

            	What will mark the completion of this project?

          

        

        	
          Stakeholder Satisfaction
          
            	How would you ensure the stakeholders’ mobile application expectations are identified, documented, and met?

            	How will the success of this project be evaluated based on stakeholder satisfaction?

          

        

        	
          Transition to Operations
          
            	Once the mobile application is delivered, how will it transition from a project to an ongoing operation?

            	What considerations should be made during the handover process to ensure smooth operations?

          

        

        	
          Constraints
          
            	What constraints (scope, schedule, cost, resources, quality, and risks) must the project team manage to ensure its success?

            	How could these constraints impact the temporary nature and outcome of the project?

          

        

      

    

  

   

  
    
      
        Exercise 2: Managing Constraints and Ensuring Success
      

    

    
      Imagine you are a project manager for a software development company. Your current project involves creating an online platform for a client selling used books. The project’s scope includes:

      
        	Developing a website to allow users to browse and purchase books.

        	Integrating a secure payment gateway to ensure safe and seamless transactions.

        	Implementing a user-friendly search engine to locate books by name, author, or genre.

      

      The project has the following key characteristics:

      
        	Temporary and Unique Nature: The project will be completed within 8 months and deliver a unique platform tailored to the client’s needs.

        	Constraints: 	Scope: The agreed deliverables include the website, payment gateway, and search engine.
	Schedule: The project duration is set at 8 months.
	Cost: The budget is $200,000.
	Additional Constraints: The team’s expertise and availability of resources.



        	Project Success: Defined as delivering the agreed scope within the constraints of schedule, cost, and quality while meeting the client’s and end-users’ expectations.

      

      Change Request Scenario
 Midway through the project, the client requests adding a recommendation system to suggest books to users based on their previous purchases. This change would:

      
        	Expand the Scope: Additional feature development and integration.

        	Impact Schedule: Extend the project duration by 2-3 months.

        	Increase Cost: Require an additional $50,000 to accommodate the change.

        	Introduce New Risks: Potential delays, performance issues, or increased complexity.

      

      
        Questions:
      

      
        	
          Project Characteristics
          
            	Based on the characteristics of a project, explain why this initiative is classified as a project and not routine business operations.

            	How does this change request align with the temporary and unique nature of the project?

          

        

        	
          Project Constraints
          
            	Using the concept of triple constraints (scope, schedule, and cost), analyze how the proposed change request impacts the project constraints.

            	What additional constraints (resources, quality, risks) might also be affected by this change?

            	How would you balance these constraints to maintain the project’s success?

          

        

        	
          Project Success
          
            	Differentiate between project success and project management success in this scenario.

            	If the client insists on the recommendation system, what steps could you take to ensure both types of success?

          

        

      

    

  

  




  
  





Chapter 2. Strategy, Objectives, and Project Selection




2.0 Learning Objectives and Overview


  
  
    
      Learning Objectives

    

    
      
        	Define the business strategy and goals that constitute the basis of business cases and projects in an organization, and describe the strategy cycle.

        	Create SMART objectives that can be used in business cases, project charters, and project management plans.

        	Outline the content of a business case that would lead to the selection of projects.

        	Employ a variety of selection models to select projects.

      

    

  

  Overview

  Projects don’t start from out of nowhere. Before the organization’s project selection committee and/or executive management decides which projects the organization can go with, the reasons for starting a project must be delineated in a pre-project stage. This stage often consists of preparing a business case accompanied by a needs assessment and a benefits realization management plan. A business case is a document that helps an organization decide whether the project will have a positive economic, financial, and/or social impact. Business analysts, systems analysts, product managers, or a team composed of them and relevant stakeholders can prepare a business case.

  In many cases, which are not rare, project managers can be assigned the task of creating a business case during the initiation of a project if the project’s feasibility hasn’t been assessed before. Organizations produce plenty of business cases in which the organizational needs are detailed. However, due to the scarcity of resources, time, and budget, and also considering the boundaries determined by the organizational priorities and strategic objectives, organizations choose only some of the business cases and their solutions as projects to develop. Project managers may not participate in this process. Nevertheless, it is of utmost importance for the project managers and teams to be familiar with the process since business cases constitute the basis of projects, and they include fundamental information about the projects. Business cases are used as input to conceptualize a project and lead directly to preparing a project charter through which project managers can be authorized to start the project.

  




  
  





2.1 Business Strategy and Goals


  
  Organizations exist to fulfill a purpose. These purposes are analyzed through a process and ultimately expressed in an organization’s vision and mission statements. Vision statements are often very broad, describing what the organizational leaders want the organization to accomplish. Mission statements are more specific: they describe how the organization will fulfill its vision. Recently, on many organizations’ websites, mission and vision statements have not been explained separately, but as one statement named “mission statement”. Organizations may also elaborate on their principles, values, culture, and goals to explicate their missions. Some examples of vision and mission statements as well as other information such as principles, values, and culture are provided below:

  
    
      LinkedIn
      
        [1]
      
      :
    

    Vision: Create economic opportunity for every member of the global workforce.

    Mission: The mission of LinkedIn is simple: connect the world’s professionals to make them more productive and successful.

  

  
    
      Facebook
      
        [2]
      
      :
    

    Mission: Give people the power to build community and bring the world closer together.

    Culture: At Facebook, we are constantly iterating, solving problems, and working together to connect people all over the world. That’s why it’s important that our workforce reflects the diversity of the people we serve. Hiring people with different backgrounds and points of view helps us make better decisions, build better products and create better experiences for everyone.

  

  
    
      Ikea
      
        [3]
      
      :
    

    Vision: Our vision is to create a better everyday life for the many people – for customers, but also for our co-workers and the people who work at our suppliers.

    Business idea: While our vision tells us why we exist, our business idea tells us what we want to achieve. And for everyone that has visited IKEA, our business idea is pretty obvious – “to offer a wide range of well-designed, functional home furnishing products at prices so low, that as many people as possible will be able to afford them.”

  

  
    
      Microsoft
      
        [4]
      
      :
    

    Mission: Our mission is to empower every person and every organization on the planet to achieve more.

  

  One way to consider the interrelated nature of Vision and Mission Statements and other core components of an organization is to consider them part of a Strategy Cycle. Figure 2.1.1 presents an orderly process for strategic management that helps us understand the process and the components of strategic analysis. The cycle ends with “vision and mission” statements, which convey the executive summary of the whole process. We should also keep in mind that top managers usually deal with these steps simultaneously rather than following a stepwise approach.

  
    
      
        [image: Figure 2.1: The strategy cycle Rice University, OpenStax. This figure displays the strategy cycle starting with a Strategic Analysis, and continuing with Develop Objectives, Create and Choose Strategies, Implement Strategies, Measure and Evaluate Performance, and ending at Vision and Mission. Since this is a cycle, the vision and mission can lead to a new cycle starting with a strategic analysis.]
      
      Figure 2.1.1: The strategy cycle.
Attribution: Rice University, OpenStax

    

  

  

  
    Organizations create specific strategies that should be pursued in the long term. Projects are often used to help carry out those strategies. These long-term objectives help organizations gain a competitive advantage and a higher market share and eventually acquire various tangible and intangible benefits in line with organizations’ fields of operations (e.g., businesses, government agencies, nonprofits). These strategies are directly linked to the objectives being pursued and will vary widely depending on the industry and maturity of the organization. Whereas nonprofits or government agencies pursue to offer public and social benefits, companies would target to acquire financial benefits. Examples of strategies an organization may implement include launching new products and services, introducing new technology, streamlining operational processes, and employee development initiatives. The strategies are embodied in objectives, which are described in detail. The following section, “SMART objectives,” discusses how these objectives can be created in a way that makes sense to the organization and all the stakeholders

    After identifying strategic objectives, organizations choose strategies that will guide them for a period of time (i.e., one year, three, five, or ten years) and move into the strategy implementation stage. Depending on the complexity of the changes being introduced, the strategies may be implemented as individual stand-alone projects or programs consisting of multiple related projects. Project and program managers apply their expertise to the implementation domain and play a vital role in helping organizations achieve their vision and mission. It is critically important that project and program managers understand an organization’s strategies and objectives. This knowledge allows them to ensure that the decisions being made in their projects and programs are aligned with the organization’s strategic direction.

  

  

  
    
      	
        https://about.linkedin.com/
        ↵
        

      

      	
        https://about.facebook.com/company-info/
        ↵
        

      

      	
        https://www.ikea.com/us/en/this-is-ikea/about-us/vision-and-business-idea-pub7767c393
        ↵
        

      

      	
        https://www.microsoft.com/en-us/about
        ↵
        

      

    

  

  




  
  





2.2 SMART Objectives


  
  All the business cases, projects, project deliverables, activities, and milestones are characterized by objectives that describe what is expected to be achieved at the end. The information in this subsection can be used for business cases and projects and their components. Successful organizations are intentional about their actions to fulfill their vision and mission. These organizations analyze their external and internal environments to understand the opportunities and threats present in the environments in which they operate (see Chapter 3 – Project Initiation). An organization also must analyze and work within its own strengths and weaknesses. This analysis directly refers to a SWOT (Strengths, Weaknesses, Opportunities, Threats) analysis. These analyses can be used to inform the decision-making that follows.

  The primary goal of a business case and a project and their objectives must be clearly defined, must contain a measure of how to assess whether they have been achieved, and should be realistic. A commonly utilized guideline to create this kind of objective is to follow the SMART protocol. SMART is an acronym that represents the criteria of being specific, measurable, achievable, relevant, and time-based. SMART objectives also serve as performance metrics to monitor the progress of a project and decide whether the outcomes are successful and can be accepted by the client or customer. Thus, the project manager can monitor and control these performance metrics.

  Let’s use a scenario to explicate each SMART criterion. Consider that our organization which is a regional office of a government agency (Department of Environment), named as Smalltown Office, has experienced some problems in providing quality service to the citizens in that region. We, as a team, were assigned to examine the problem and offer some solutions to overcome this quality problem.

  
    2.2.1 Specific
    
      [1]
    
  

  We should develop unambiguous objectives so all our stakeholders can understand what we want to achieve. Thus, these objectives should be well-defined, specific, and written in clear, concise, and understandable terms. While creating an objective, we should ask, “What do we want to accomplish?”, “What do we intend to impact?”, “Why is this goal important?”, “Who is responsible for acting?” and “Who is our target audience/population?”. Such questions would help us create specific objectives.

  Based on our regional office’s quality service problem, the business analyst created one of the business requirements as follows:

  “The Smalltown Office affiliated with the Department of Environment in the State X will provide quality improvement training to the staff.”

  This objective can be considered specific as it addresses the primary objective by referring to the target population, responsible organization, and what we want to achieve. However, it still lacks other elements of SMART.

  
    2.2.2 Measurable
  

  The success of a project relies on measurable quantitative criteria that must be met to achieve the objectives. If we don’t use any metrics to measure progress and performance, we can never be sure if we are on track and can accomplish the targets when we finish the tasks or a project. These quantitative measures can indicate a number, percentage, or any standard unit. Through measures, we can know how much change has occurred and in what direction. Besides, we should consider the source of verification and the data to prove the target is met. In our example, we can quantify the objective by adding the percentage of employees expected to receive this training.

  “The Smalltown Office affiliated with the Department of Environment in the State X will provide quality improvement training to at least seventy-five percent of the staff members who communicate and interact directly with the citizens.”

  Sometimes, it is not possible to directly measure performance or achievement. Quality improvement training could effectively increase the quality of the services provided to the citizens. However, it is highly important to ask the citizens directly using interviews or surveys about their satisfaction level with the services they receive. Therefore, we can support this objective with another objective as below:

  “The satisfaction level of the citizens who receive service from Smalltown Office will increase by 25% according to a survey of at least 500 citizens.”

  To measure the improvement of 25%, the average satisfaction level of the citizens before the training is delivered should be measured, which would constitute the baseline. We also make this objective specific by adding a target audience of at least 500 citizens.

  
    2.2.3 Time-based
  

  The last letter of the SMART acronym refers to “time-based” objectives. The SMART protocol doesn’t necessarily impose an order of letters to follow while creating SMART objectives. However, discussing the time-based criterion can be more practical considering the nature of time as a measure. While assessing this criterion, we can address issues such as how long to expect a project to take and how long it takes for different success metrics to be met.

  “The Smalltown Office affiliated with the Department of Environment in the State X will provide quality improvement training to at least seventy-five percent of the staff members who communicate and interact directly with the citizens by the end of July 2022.”

  “The satisfaction level of the citizens who receive service from Smalltown Office will increase by 25% according to a survey of at least 500 citizens by the end of December 2022.”

  While we create these objectives, we should also consider if the performance measures and deadlines are realistic (achievable).

  
    2.3.4 Achievable
  

  We should also consider the factors that may affect the achievability of objectives. These factors include the evaluation of resources, knowledge, and time that are available to carry out the tasks to achieve the objectives. Therefore, to clarify achievability, it may be helpful for our team to explain who will deliver this quality improvement training to Smalltown Office employees, the availability of funds that can be allocated to the trainers, and the availability of an adequate number of employees that can serve the citizens in a timely manner while others receive the training. We should also clarify if the time to achieve these objectives is realistic. Can the Smalltown Office provide this training to at least 75% of the staff by July 2022? Or do we need to reassess the percentage and the deadline? Constraints that may affect the achievement of these objectives should also be taken into account.

  As seen here, SMART is an iterative process through which each criterion should be evaluated constantly, considering their impact on other criteria.

  
    2.3.5 Relevant
  

  The last criterion that needs to be considered is the relevance of these objectives with higher-level organizational goals such as strategic objectives, mission and vision statements, and the goals of programs or portfolios that the business need or project is affiliated with. This alignment can ensure that the business case or project would have a higher chance of approval from the organizational leadership and greater stakeholder buy-in.

  In our example for Smalltown Office, we should check the strategic plan of the Department of Environment. We need to see if there is an objective for quality management and improvement planned for the organization as a whole or the departments and regional offices. The review should not be limited to the strategic plan but also other projects, programs, and portfolios since there may be a planned or ongoing project regarding quality management. Therefore, we can avoid duplications and redundancy and save time and budget.

  
    
      
        SMART Objectives for Grocery LLC’s Mobile-Commerce Project
      

    

    
      We started working on a case study in Chapter 1 as regards a grocery chain, Grocery LLC, with fifty branches across five states. There were two business needs for this scenario:

      
        	Long lines form in front of the current check-out stations where the cashiers work.

        	Declining sales in markets since the onset of the COVID-19 pandemic.

      

      Let’s work on the second business need to develop SMART objectives. The primary objective is to create solutions for customers who purchase goods and services from our grocery stores through their smartphones. Based on the business case, it was decided to produce two solutions: optimizing the mobile website for Android and IOS and developing a smartphone application. Objectives in line with these two solutions have been determined as follows:

      
        	To redesign the website in 2 months so it’s responsive and easier for the customers to place orders on their smartphones.

        	To create a new mobile application in 2 months that can work in both operating systems (Android and IOS).

      

      These two objectives can be considered specific as both describe what is intended to be achieved for which audience. Besides, both are time-based. So, we know when we can have both solutions operational for the online customers. However, we must evaluate other criteria more thoroughly (measurable, achievable, and relevant). Let’s create another objective that supports these two objectives:

      
        	In three months after the mobile website and the new mobile application go live, online sales will increase at least 25%, customer satisfaction will increase at least 20%, and we can retain our loyal customers.

      

      This objective provides us with quantitative measures to evaluate the effectiveness of the two solutions. Both help us understand if the customers do online shopping and if they are happy with their online shopping experience. To verify these measures, we should have reliable sources as detailed below:

      
        	Online sales figures before the deployment of mobile solutions and three months after they go live will be compared by utilizing two surveys. These surveys will be conducted by a market research company to measure the satisfaction level of customers.

        	The customers who have bought items from our company for the last three years will be interviewed to understand if they still shop at our grocery markets and on new mobile solutions.

      

      We also should answer these questions to assess if these objectives are achievable and relevant.

      
        	Achievable: Does the grocery chain have the time, budget, and resources to complete the project?

        	Relevant: Are these objectives aligned with the grocery chain’s mission statement and strategic objectives?

        	Relevant: Are there any conflicts with other ongoing or future projects? Is there a need to cooperate with other projects to share and assign resources or to synchronize some activities and deliverables?

      

    

  

  

  
    
      	
        https://www.health.state.mn.us/communities/practice/resources/phqitoolbox/objectives.html
        ↵
        

      

    

  

  




  
  





2.3 Business Case


  
  Organizations initiate projects to exploit business opportunities aligned with their strategic goals or eliminate business problems they encounter[1]. Projects are generally preceded by a business case that provides the economic, financial, and/or social feasibility and justification of the business need (Figure 2.3.1). However, some projects may be initiated in a short time with an order from the CEO or executive management team to address competitive measures, government mandates, or an exclusive inclination[2]. Hence, there may not be a formal business case that the project team can utilize to initiate the project. Nevertheless, in such situations, project managers are generally asked to conduct a needs assessment and feasibility study as well as a benefits management plan. Business cases aim to respond to a need, generally in the form of a problem or an opportunity, and they are generally prepared by business analysts in an organization in collaboration with relevant units and stakeholders.

  A business case attempts to elaborate on the need for a project by providing an analysis of the current state, a description of the desired future state, and the actions to take to fill the gap between the current state and the desired future state. It also includes business, stakeholder, solution, and transition requirements, designs and recommended solutions generated according to these requirements, and the evaluation of solutions to understand the potential value of these solutions[3]. A business case is accompanied by a needs assessment and benefits realization management plan. A needs assessment often precedes the business case, and it is used to assess the current internal and external environments and current capabilities of the organization to determine the viable solution options that, when pursued, would help the organization meet the desired future state[4].

  
    
      [image: Figure 2.2: Pre-Project Work, Project Life Cycle, and Post-Project Work Source: PMBOK Guide 6th Edition. This figure is composed of six primary columns. The first one is titled "Pre-Project" Work. Following columns are Initiating, Planning, Implementation, and Closing. The sixth and final column title is Post-Project Work. Pre-Project Work includes Needs Assessment that is required to prepare a Business Case which should be in alignment with a benefits management plan. Initiation stage includes the preparation of a Project Charter. In the Planning stage, a Project Management Plan is prepared. Implementation stage includes the execution of activities and creating deliverables. Closing phase includes administrative closure, lessons learned, disbanding the team, and transition of deliverables. Post-project work consists of operations and maintenance. Monitoring and controlling overlaps with all four project life stages.]
      Figure 2.3.1: Pre-Project Work, Project Life Cycle, and Post-Project Work.
Compiled from: PMBOK Guide 6th Edition

    

    The value of a business case to the project is two-fold. First, it is used as an input in the development of a project charter during the initiation (starting, conceptualization) project life cycle stage. Additionally, it is utilized as input to identify stakeholders who may be affected by or may affect decisions, activities, or outcomes of a project[5]. Therefore, business cases are utilized as a basis for authorization of further project management activities.

    A business case can also be described as an economic feasibility study documented to justify and establish boundaries for the project. The validity of benefits is established through two accompanying processes: business needs analysis and cost-benefit analysis. Therefore, the required investment to start a project to acquire the expected outcomes can be justified from a business standpoint.

    While many business cases share common elements, each one is tailored to the organization in which it is used. A business case can be formatted based on the needs of the organization and/or the organization’s templates in its knowledge repository. The main components of a business generally consist of:

    
      	Need statement (Underlying problems or opportunities) 	The cause-effect, fishbone, or Ishiwaka diagram is a useful instrument in this stage to identify the underlying issues rather than describe the surface-level issues.
	If it is an opportunity, the main contributors are investigated.



      	Statement of goals (Business requirements)

      	Stakeholders and their requirements

      	Analysis of current state and future state, and creation of a business change strategy

      	Constraints, dependencies, assumptions, risks, critical success factors, and decision criteria

      	Designs and alternative solutions

      	Potential value (benefits and costs)

    

    
      
        
          Business Case for Grocery LLC’s M-Commerce Project
        

      

      
        
          Background:
        

        Grocery LLC’s physical sales have declined worldwide since the onset of the COVID-19 pandemic. Customers prefer buying online instead of visiting a store in person since they are concerned about contracting COVID-19. Our fifty stores in five states lost around 30% of regular customers, and the revenue declined by 25% since the start of the pandemic restrictions in March 2020.

        The current situation demands an innovative response to changing customer behavior and market conditions to recover lost revenue and sustain long-term growth.

        
          1. Need Statement (Underlying Problems or Opportunities)
        

        The core business problem Grocery LLC faces is declining physical sales due to shifts in customer behavior. While this decline presents a challenge, it also creates an opportunity for the business to adapt and innovate.

        
          	
            Underlying Issues (Fishbone Diagram):
          

        

        
          
            [image: This fishbone diagram illustrates the underlying problems of Grocery LLC's decline in physical sales.1. Health Concerns Fear of contracting COVID-19 in crowded stores. Customers avoiding physical shopping for safety reasons. Preference for no-contact or safer alternatives. 2. Technology Gaps Limited or outdated online shopping platforms. Lack of mobile app for seamless customer experience. Inefficient systems for curbside pickup and contactless payments. 3. Competition Rise of online grocery platforms (e.g., Instacart, Amazon Fresh). Competitors offering delivery services and digital-first experiences. Third-party partnerships by rivals gaining market share. 4. Customer Expectations Demand for safer, faster, and more convenient shopping options. Preference for contactless payment and delivery services. Growing reliance on mobile apps and digital engagement. 5. Operational Limitations Inability to quickly implement curbside pickup or delivery systems. Shortage of trained staff to manage new processes. Logistical issues in integrating digital solutions with in-store operations. 6. Economic Impact Reduced customer spending power due to pandemic-related economic uncertainty. Hesitancy to spend on non-essential groceries.]
          
          Figure 2.3.2: Fishbone Diagram (Created on Canva)

        

        
          2. Statement of Goals (Business Requirements)
        

        To address the challenges, Grocery LLC aims to:

        
          	
            
              	Recover lost revenue and regain market competitiveness.

              	Enhance customer engagement by providing flexible shopping options.

              	Ensure a safer shopping environment for all customers.

            

          

        

        
          Measurable Goals:
        

        
          	
            
              	Recover 25% of lost revenue within 12 months.

              	Retain 90% of existing customers through improved services and experiences.

              	Increase online sales by 30% through digital initiatives.

            

          

        

        
          3. Stakeholders and Their Requirements
        

        
          	Customers: Convenience, safety, and fast access to products.

          	Store Managers: Logistical feasibility for curbside pickup, deliveries, and in-store kiosk integration.

          	Employees: Adequate training to manage new services (e.g., deliveries, meal kits).

          	Third-Party Platforms: Clear partnership terms for grocery delivery services.

          	Delivery Partners: Efficient communication systems and streamlined logistics for timely deliveries.

        

        
          4. Analysis of Current State and Future State, and Business Change Strategy
        

        
          	
            Current State:
            
              	Limited online presence and outdated shopping systems.

              	Customers are migrating to competitors that offer delivery and curbside options.

            

          

          	
            Future State:
            
              	Fully integrated online platform and physical stores.

              	Seamless customer experience through digital solutions, curbside pickup, delivery options, mobile app, and optimized mobile website.

            

          

          	
            Business Change Strategy:
          

        

        
          	
            
              	Implement delivery services and curbside pickup as immediate solutions.

              	Optimize the website and launch a mobile app for online orders.

              	Introduce contactless payment systems and in-store kiosks to enhance safety.

              	Expand digital marketing to reach customers through targeted campaigns and social media.

            

          

        

        
          5. Constraints, Dependencies, Assumptions, Risks, Critical Success Factors, and Decision Criteria
        

        
          Constraints:
        

        
          	
            
              	Budget limitations for technology upgrades and marketing.

              	Reliance on third-party platforms for delivery services.

            

          

        

        
          Assumptions:
        

        
          	
            
              	Customers will adopt new services if marketed effectively.

              	Technology solutions can be implemented within the proposed timeline.

            

          

        

        
          Risks and Mitigation Strategies:
        

        
          	
            
              	High operational costs for delivery services: Start with partnerships to reduce upfront investment.

              	Customer resistance to new systems: Offer incentives and education campaigns to encourage adoption.

              	Employee training delays: Provide comprehensive training programs with ongoing support.

            

          

        

        
          Critical Success Factors:
        

        
          	
            
              	Customer satisfaction and adoption rates.

              	Revenue recovery and sustained growth.

              	Seamless implementation of technology and partnerships.

            

          

        

        
          Decision Criteria:
        

        
          	
            
              	Cost-effectiveness of the solution.

              	Positive impact on revenue and customer retention.

              	Alignment with Grocery LLC’s strategic goals.

            

          

        

        
          6. Designs and Alternative Solutions
        

        
          Primary Solutions:
        

        
          	
            
              	Curbside Pickup System: Develop a scheduling system for order pickups, integrating it into the website and app.

              	Delivery Partnerships: Leverage third-party platforms to handle logistics and deliveries efficiently.

              	Mobile App and Optimized Website: Ensure a user-friendly platform for ordering and managing customer engagement.

              	Contactless Payment: Introduce NFC-based payments and self-checkout kiosks in all stores.

            

          

        

        
          Alternative Solutions:
        

        
          	
            
              	If delivery partnerships prove too costly, prioritize curbside pickup as a low-cost alternative.

              	If app development is delayed, improve the existing website with added functionality for ordering.

            

          

        

        
          7. Potential Value (Benefits and Costs)
        

        
          	
            Benefits:
          

        

        
          	
            
              	Increased Revenue: Recover 25% of lost revenue within a year.

              	Customer Retention: Retain 90% of existing customers through enhanced convenience.

              	Competitive Advantage: Meet evolving customer expectations and regain market position.

            

          

        

        
          	
            Cost Estimates:
          

        

        	Solution 	Estimated Cost 	Potential Benefit 
 	Curbside Pickup 	$50,000 for software 	Increased customer satisfaction and loyalty. 
 	Delivery Service Partnerships 	$75,000 annually 	Increased reach and incremental sales. 
 	Mobile App and Optimized Website 	$100,000 development 	Enhanced m-commerce presence and customer satisfaction. 
 	Contactless Payments/Kiosks 	$100,000 upfront 	Improved in-store experience and safety. 
 	Digital Marketing Campaign 	$25,000 per quarter 	Increased online engagement and store visits. 
  

      

    

    Although the preparation of a business case and its accompanying documents are considered pre-project work, project managers may also be involved in this process, in particular if a PMO (Project Management Office) exists in an organization or the project initiation is requested from the top level or if it is an urgent request from a client.

    Project managers or project steering committees use the information available in a business case to initiate the project, identify stakeholders, and develop a project charter. A business case helps create performance metrics that measure the project’s success against the objectives whenever a deliverable is produced, and the project outcomes are generated at the end of the project.

    Business cases play an essential role during project selection. Project selection committees or senior managers assess all the business cases and their recommended solutions as candidate projects. Due to various factors such as time, budget and resource constraints, internal and external factors, and organizational strategic priorities and plans, organizations cannot implement all the projects. The next section discusses the project selection criteria.
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2.4 Project Selection Process


  
  Quantitative and qualitative analysis are useful in identifying projects with the greatest potential impact. Generally, more complex projects involve a greater amount of risk. They also require a longer implementation and business benefits realization period. Therefore, project selection decisions will weigh the benefits offered with the timeframe required to realize these benefits. Organizations will often consider the payback period, which refers to the amount of time it takes to recover the cost of an investment. Projects that offer significant benefits that can be realized relatively quickly are more likely to be approved. However, this is only one of the methods to evaluate if a project is favorable compared with other projects.[1]

  2.4.1 Payback Period

  In Chapter 1, we evaluated the uniqueness and temporary nature of a project through which our grocery market chain, Grocery LLC, aimed at establishing self-checkout areas at all fifty markets across five states to solve the problem of more than usual traffic between 4 pm and 7 pm during the weekdays. Assume that we had two solution candidates for this problem. One is establishing the self-checkout area at all fifty stores (see Chapter 1, the first example in Section 1.2). Let’s name the “establishment of self-checkout areas” project “Project B.” We also wanted to evaluate another solution to increase the number of checkout stations where our cashiers work. This solution is named Project A.

  Table 2.4.1 provides cash inflows and outflows of two candidate projects, assuming that both project deliverables have a lifetime of five years. As seen in the table, the payback period for Project A would be three years, which means that our organization can recover the cost ($100,000) of this project’s investment in three years.

  -100,000 (year 0) + 30,000 (year 1) + 40,000 (year 2) + 30,000 (year 3) = 0

  Table 2.4.1: Cash outflow and inflows of two projects ($) 	 	Project A 	Project B 
 	(Traditional checkout stations) 	(Self-checkout areas) 
 	Year 0 	($100,000) 	($200,000) 
 	Year 1 	$30,000 	$15,000 
 	Year 2 	$40,000 	$50,000 
 	Year 3 	$30,000 	$75,000 
 	Year 4 	$10,000 	$105,000 
 	Year 5 	$10,000 	$75,000 
  

  For Project B, the payback period would be 3.57 years (3 years + 60,000/105,000). As seen in Table 2.4.2, when we finished the third year, the net cash flow was still negative (-200,000 + (15,000 + 50,000 + 75,000) = – 60.000). Therefore, the breakeven point would be after the fourth year. Because Project A’s payback period (3 years) is shorter than Project B’s (3.57 years), we can prefer Project A over Project B, only considering the payback period.

  Table 2.4.2: Net cash inflows of two projects ($) 	 	Project A 	Net Cash Flow 	Project B 	Net Cash Flow 
 	Year 0 	($100,000) 	($100,000) 	($200,000) 	($200,000) 
 	Year 1 	$30,000 	($70,000) 	$15,000 	($185,000) 
 	Year 2 	$40,000 	($30,000) 	$50,000 	($135,000) 
 	Year 3 	$30,000 	$0 	$75,000 	($60,000) 
 	Year 4 	$10,000 	$10,000 	$105,000 	$45,000 
 	Year 5 	$10,000 	$20,000 	$75,000 	$120,000 
  

  2.4.1.1 Discount Factor

  However, this financial method ignores a crucial factor that may affect the real value of our cash inflows, which is the time value of the money, that is affected by two main annual rates: (1) Inflation rate (pt) and (2) required rate of return (r). Therefore, the discount factor must be incorporated into the computation to have real values.

  
    [image: Discount factor equation]
  

   

   

  In our example above, let’s take pt 0.02 and r 0.08. Our organization expects to earn a minimum of 0.08 annually on average when we invest. This can also be considered as the opportunity cost.

  
    [image: equation from year 1 to year 5]
  

   

   

   

   

   

   

  For each year, we should multiply the discount factor by each cash inflow to find the real value.

  Table 2.4.3: Net cash outflow and inflows of two projects with discount factors ($) 	 	Project A 	Today’s Value 	Net Cash Flow 	Project B 	Today’s Value 	Net Cash Flow 
 	Year 0 	($100,000) 	($100,000) 	($100,000) 	($200,000) 	($200,000) 	($200,000) 
 	Year 1 	$30,000 	$27,273 	($72,727) 	$15,000 	$13,636 	($186,364) 
 	Year 2 	$40,000 	$33,058 	($39,669) 	$50,000 	$41,322 	($145,041) 
 	Year 3 	$30,000 	$22,539 	($17,130) 	$75,000 	$56,349 	($88,693) 
 	Year 4 	$10,000 	$6,830 	($10,300) 	$105,000 	$71,716 	($16,976) 
 	Year 5 	$10,000 	$6,209 	($4,091) 	$75,000 	$46,569 	$29,593 
  

  As can be seen in Table 2.4.3, the payback period changed for both projects. The payback period for Project A cannot be attained in five years, which means that our organization cannot recover the cost ($100,000) of this project’s investment even in five years. For Project B, it would be 4.36 years (4 years + 16,976/46,569). Eventually, after taking into account the time value of the money, we can choose Project B over Project A, contrary to our first decision without the discount factor.

  2.4.2 Net Present Value (NPV)

  NPV (Net Present Value) is another way of showing the long-term profitability of a project. At the end of the expected lifetime of a project outcome, NPV indicates the profit (Earnings – Project investment costs). As seen in Table 2.4.4, NPV is negative for Project A and positive for Project B. Therefore, we can select B over A.

  Table 2.4.4: NPVs for Projects A and B ($) 	 	Project A 	Today’s Value 	Project B 	Today’s Value 
 	Year 0 	($100,000) 	($100,000) 	($200,000) 	($200,000) 
 	Year 1 	$30,000 	$27,273 	$15,000 	$13,636 
 	Year 2 	 $40,000 	$33,058 	$50,000 	$41,322 
 	Year 3 	 $30,000 	$22,539 	$75,000 	$56,349 
 	Year 4 	 $10,000 	$6,830 	$105,000 	$71,716 
 	Year 5 	 $10,000 	$6,209 	$75,000 	$46,569 
 	NPV 	 	($4,091) 	 	$29,593 
  

  Financial models such as payback period and NPV are solely the financial indicators. Since little about the specific solution may be known during project selection, financial evaluations are based only on high-level estimates. However, organizations must consider other qualitative factors such as competitive advantage, future market potential, risk, legal and regulatory issues, and safety. Therefore, many organizations utilize project selection models where they can include criteria prioritized for the organization in general, as well as the projects and their affiliated programs and portfolios. In this chapter, we will discuss only one of the models commonly used by organizations, which is the weighted scoring model.

  2.4.3 Weighted Scoring Model

  Non-financial reasons for selecting projects are often viewed as strategic considerations; they include everything from ending a dependency on an unreliable vendor to restoring the image of an organization. Once a project is selected, a more detailed financial analysis is often performed. Since decision-making models often consider numerous criteria when evaluating the change alternatives, tools such as the weighted scoring model are very helpful. Weighted scoring models introduce objectivity in what would otherwise be a very subjective decision-making process. A weighted scoring model allows decision-makers to structure the decision-making process by specifying and prioritizing needs by identifying decision-making criteria, evaluating, rating, and comparing different alternatives, and selecting the best matching solution.

  Creating a weighted scoring model starts with careful consideration of decision-making criteria. In the case of project selection, many organizations refer to their strategic plans to identify important factors. These criteria are often a mix of financial and non-financial criteria. Once the criteria have been selected, we give each criterion a weight value to illustrate its relative importance. The more important the criterion, the higher its weight. Each potential change initiative (e.g., business cases) is evaluated against the weighted criteria and given a score for each criterion. These models can help us introduce more objectivity into our decision-making.

  2.4.3.1 Grocery LLC’s Projects

  Let us continue with our grocery market chain’s project candidates. Thereafter, let us increase the number of projects to four. The project selection committee will evaluate these four potential projects based on six criteria. We have already discussed two projects’ NPVs. The committee had scheduled a meeting today to discuss these four projects (Table 2.4.5). Project A targets increasing the traditional checkout stations in all the markets if their layouts allow for expansion inside the markets. Project B aims to designate areas for self-checkout stations. In this project, we must reduce the number of traditional checkout stations. Project C’s goal is to create new ads for television and social media (e.g., YouTube, Facebook, Instagram). Finally, Project D aims to create a new mobile (smartphone and tablet) application and make the current website compliant with smartphones.

  The organizational constraints (time, budget, resources, risks) allow for selecting a maximum of two projects. They are using a weighted scoring model. There are six criteria, as shown in Table 2.4.5. They are strategic opportunity, competitive advantage in IT, the potential for higher market share, profitability (NPV), sustainability, and risk aversion. As can be seen here, we are not focusing only on profitability but also on other factors that bring about a holistic approach to evaluating the feasibility and benefits of projects. The committee members will score each criterion as follows:

  
    	1: Unfavorable

    	2: Satisfactory

    	3: Favorable

  

  Although weights are provided out of 100 percent, they are typed in Table 2.4.5 as two-digit numbers instead of decimals to make the computation easier to follow. Therefore, the total weight must not exceed 100. These weights may be decided after brainstorming meetings with subject matter experts and stakeholders. The subjectivity of these criteria’s weights and points can be mitigated to some extent with the brainstorming activity. Most of the time, the organizations or the external client may impose the weights according to the organizational strategy and priorities.

  Table 2.4.5: Weighted Scoring Model 	 	 	Projects 
 	Category 	Weight 	A 	B 	C 	D 
 	Strategic opportunity 	25 	1 	3 	2 	3 
 	Competitive advantage in IT 	15 	1 	3 	1 	3 
 	Potential for higher market share 	20 	2 	2 	3 	3 
 	Profitability (NPV) 	10 	 	 	 	 
 	Sustainability 	10 	3 	2 	1 	1 
 	Risk aversion 	20 	3 	2 	3 	1 
  

  As you can see in Table 2.4.5, NPV is just one of the criteria used by the selection committee. The required rate of return is 0.08, and the inflation rate is 0.02. We have already computed the discount factors above. The committee should incorporate the NPV scores based on the estimated cash flows in Table 2.4.6 and the decision table in Table 2.4.7.

  Table 2.4.6: Estimated cash flows ($) 	Project 	Investment 	Year 1 	Year 2 	Year 3 	Year 4 	Year 5 
 	A 	-100,000.00 	30,000.00 	40,000.00 	30,000.00 	10,000.00 	10,000.00 
 	B 	-200,000.00 	40,000.00 	60,000.00 	75,000.00 	105,000.00 	100,000.00 
 	C 	-30,000.00 	20,000.00 	15,000.00 	10,000.00 	3,000.00 	1,000.00 
 	D 	-125,000.00 	25,000.00 	40,000.00 	50,000.00 	55,000.00 	65,000.00 
  

  NPVs for four projects are, respectively, (4,090.63); 76,107.57; 10,761.62; and 46,276.49. Therefore, NPV scores are 1, 3, 2, and 2, respectively.

  Table 2.4.7: NPV score decision table 	NPV 	SCORES 
 	NPV < 0 	1 
 	0 ≤ NPV < 50,000 	2 
 	50,000 ≤ NPV 	3 
  

  2.4.3.2 Calculating Weighted Scores

  Weighted scores are calculated by multiplying each criterion’s weight by its score and summing all weighted scores of criteria for each project.

  For example, “Strategic opportunity” has a weight of 0.25 (25%). Project A got an unfavorable score of 1. Its weighted score is 25 (25×1). When we multiply each weight by the score for Project A, we can find 25, 15, 40, 10, 30, and 60 for each criterion. When we sum them, we can find 180, which is the weighted score for Project A. We do it for all four projects and find 180, 250, 215, and 230 for projects A, B, C, and D, respectively.

  Table 2.4.8: Total Weighted Score (Computation of Total Scores) 	 	 	Projects 	Weighted Scores  
 	Category 	Weight 	A 	B 	C 	D 	A 	B 	C 	D 
 	Strategic opportunity 	25 	1 	3 	2 	3 	25 	75 	50 	75 
 	Competitive advantage in IT 	15 	1 	3 	1 	3 	15 	45 	15 	45 
 	Potential for higher market share 	20 	2 	2 	3 	3 	40 	40 	60 	60 
 	Profitability (NPV) 	10 	1 	3 	2 	2 	10 	30 	20 	20 
 	Sustainability 	10 	3 	2 	1 	1 	30 	20 	10 	10 
 	Risk aversion 	20 	3 	2 	3 	1 	60 	40 	60 	20 
 	TOTAL SCORES 	100 	 	 	 	 	180 	250 	215 	230 
  

  Instead of multiplying each weight by each criterion’s score for the project, we can use Excel’s Sumproduct formula as a shortcut (Table 2.4.9).

  =SUMPRODUCT($B$3:$B$8,C3:C8)

  Using dollar signs for the weights is very important. They create absolute references for the range starting at B3 (25) through B8 (20). When we copy the cell to the relevant cells for Projects B, C, and D, “B”s do not change to C, D, or E. Therefore, the values are fixed, although used in other cells.

  C3:C8 is a relative reference, meaning that Excel adjusts the range in column C accordingly when we copy the formula to another column. Project B is in column D. Therefore, the formula becomes “=SUMPRODUCT($B$3:$B$8,D3:D8).”

  Table 2.4.9: Total Weighted Score (Excel’s Sumproduct Formula) 	 	 	Projects 
 	Category 	Weight 	A 	B 	C 	D 
 	Strategic opportunity 	25 	1 	3 	2 	3 
 	Competitive advantage in IT 	15 	1 	3 	1 	3 
 	Potential for higher market share 	20 	2 	2 	3 	3 
 	Profitability (NPV) 	10 	1 	3 	2 	2 
 	Sustainability 	10 	3 	2 	1 	1 
 	Risk aversion 	20 	3 	2 	3 	1 
 	TOTAL SCORES 	100 	=SUMPRODUCT($B$3:$B$8,C3:C8) =180
 	=SUMPRODUCT($B$3:$B$8,D3:D8) =250
 	=SUMPRODUCT($B$3:$B$8,E3:E8) =215
 	=SUMPRODUCT($B$3:$B$8,F3:F8) =230
 
  

  The selection committee should choose Project B (Self-checkout areas) based on the results since it has the highest score. Project D (M-commerce) has the second-highest total points (230 points). Since we can select and initiate two projects, we can move forward with projects B and D. The project initiation will be discussed in Chapter 3. In that chapter and the following chapters, we will focus on Project D.

  2.4.3.3 Pros and Cons of the Weighted Model

  However, modifying the weights to favor another project is always possible. Therefore, this reminds us of the fact that these models are not free from subjectivity. For example, if we change the “strategic opportunity” weight from 15 to 10, the “competitive advantage in IT” weight from 25 to 10, the “profitability (NPV)” weight from 10 to 5, the “sustainability” weight from 10 to 25, and the “risk aversion” weight from 20 to 30, we can make Project A (Increasing the number of traditional checkout stations) the highest score. Hence, we can select Project A (Table 2.4.10). As seen in this example, this method is subject to substantial subjectivity.

  Table 2.4.10: Total Weighted Score (Changed weights) 	 	 	 	Projects 	Weighted Scores  
 	Category 	Old Weight 	New Weight 	A 	B 	C 	D 	A 	B 	C 	D 
 	Strategic opportunity 	15 	10 	1 	3 	2 	3 	10 	30 	20 	30 
 	Competitive advantage in IT 	25 	10 	1 	3 	1 	3 	10 	30 	10 	30 
 	Potential for higher market share 	20 	20 	2 	2 	3 	3 	40 	40 	60 	60 
 	Profitability (NPV) 	10 	5 	1 	3 	2 	2 	5 	15 	10 	10 
 	Sustainability 	10 	25 	3 	2 	1 	1 	75 	50 	25 	25 
 	Risk aversion 	20 	30 	3 	2 	3 	1 	90 	60 	90 	30 
 	TOTAL SCORES 	  	100 	 	 	 	 	230 	225 	215 	185 
  

  Weighted scoring models are easier to use as they offer structurally simple models. These models allow organizations to prioritize criteria according to their strategic objectives and client expectations. Management can directly ask the committees to consider the weights they provide so that it can be a direct reflection of managerial policy. Additionally, the weights can be modified to accommodate any changes in management and program levels. One of the apparent drawbacks of these models is that they don’t allow a linear comparison among the projects. If a project gets 100 points and another gets 200 points, it doesn’t necessarily mean the second project is two times more important than the first. Another drawback could emerge when the number of criteria increases to a level where weights become relatively small. Thus, this model becomes like a non-weighted model in which criteria weights don’t impact the total scores.

  This model is meant to add objectivity to our decision-making process; it is not meant to replace our own judgment. When the weighted scores are close, this indicates that a slight change in the weight of a criterion and/or a change in the subjective scores could significantly change the decision. For this reason, a weighted scoring model is often viewed as a tool meant to be revised as we learn more about what truly matters to us and/or the organization.

  

  
    
      	
        https://www.investopedia.com/terms/p/paybackperiod.asp
        ↵
        

      

    

  

  




  
  





2.5 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	Organizations create specific strategies that should be pursued in the long term. These long-term objectives help organizations gain a competitive advantage and a higher market share or acquire a variety of tangible and intangible benefits in line with organizations’ fields of operations (e.g., businesses, government agencies, and nonprofits). Projects are utilized to accomplish these long-term strategic objectives.

        	The SMART protocol is commonly utilized by organizations to clearly define achievable and relevant objectives that contain measures and time-bound targets of how to assess whether they have been achieved. A commonly utilized guideline to create this kind of objective is to follow the SMART protocol. The SMART acronym represents being specific, measurable, achievable, relevant, and time-based.

        	A business case is a feasibility document that justifies a need for an organization. It consists of the need statement, analysis of the current state and the desired future state, requirements, designs, and recommended solutions, and the evaluation of the solution to understand the potential value.

        	Organizations cannot put all the business cases and ideas into practice due to constraints such as lack of time, resources, and budget. Thus, they implement project selection models to evaluate candidate projects and select some of them that satisfy the criteria of the models. These models are assessed in two main categories: financial and non-financial. While payback period and net present value (NPV) fall into the financial models, weighted scoring models are used as non-financial models.

      

    

  

   

  




  
  





2.6 Multiple-Choice Questions


  
  There are 18 questions for this chapter.  You will get immediate feedback as you submit each answer and be taken to the next question. 

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=64

  

  

  




  
  





2.7 Exercises


  
  
    
      
        Exercise 1: SMART Objectives of the “Peak Fitness Gym Expansion” Project
      

    

    
      Peak Fitness is a fictional, well-established gym founded in 2010, located in the suburban area of a city in the New England region of the USA. It has earned a reputation for its focus on wellness and its community-oriented approach to fitness. Over the years, Peak Fitness has attracted a dedicated following of fitness enthusiasts, leading to a consistent rise in membership. The increase has been particularly noticeable over the past two years, primarily due to societal norms shifting towards a greater focus on health and wellness.

      However, with the influx of new members, the 5,000-square-foot gym facility has become congested, particularly during peak workout hours. Given the current space restrictions, they cannot accommodate the growing number of members. The management team has noticed that this overcrowding has led to some members’ dissatisfaction. This is concerning as Peak Fitness prides itself on providing its members with a comfortable and positive workout environment.

      Peak Fitness has decided to expand its facilities in response to this issue. After careful analysis, the management team has identified an adjacent space that is currently vacant and available for lease. This space would increase the gym’s floor area by 50%, providing more room for existing and new members.

      In addition to this, the team also wants to capitalize on the latest fitness trends and diversify the workout options available. They have introduced five new fitness classes, including high-intensity interval training, yoga, and functional fitness. The gym has a team of highly qualified fitness instructors but would need to hire more to cater to these new classes.

      With these changes, the management expects a significant increase in membership sales. They have set a target of a 30% rise within 18 months after the expansion is complete. They also aim to ensure a high member satisfaction rate. To monitor this, they plan to conduct satisfaction surveys six months after the expansion and introduction of new classes. The goal is to achieve a 90% satisfaction rate.

      To make this happen, the management team has earmarked some of the company’s profits for the gym expansion. They have also started discussing potential loans with their bank for additional funding. The entire project is being spearheaded by the gym’s General Manager, who has considerable experience managing similar projects.

      SMART objectives mentioned above are listed below:

      
        	Increase gym floor space by 50% within 12 months to cater to the growing membership.

        	Introduce five new fitness classes within six months to diversify the workout options available for members.

        	Increase membership sales by 30% within 18 months after the expansion is complete.

        	Ensure a 90% member satisfaction rate through surveys conducted six months after the expansion and introduction of new classes.

      

      
        Questions:
      

      
        	Evaluate the specificity of the objectives set by Peak Fitness management. Do they clearly define what the management intends to achieve?

        	Analyze the measures used in the SMART objectives. How will these help the management track progress toward achieving the objectives?

        	Assess the achievability of these objectives considering the given timeframe and the available resources. Do you see any potential challenges?

        	How do these objectives align with the overall mission of Peak Fitness? Discuss their relevance in the context of the gym’s expansion strategy.

        	Given the timeline specified in the objectives, evaluate the reasonableness and feasibility. Are the deadlines set by the management realistic?

      

    

  

   

  
    
      
        Exercise 2: Project Selection at XYZ Tech
      

    

    
      XYZ Tech, a fictional company, is a rapidly growing technology company with a diverse product portfolio. The company has consistently outperformed its competitors through innovation and customer satisfaction. However, it also faces a significant challenge in determining which projects to pursue in the future.

      Currently, XYZ Tech has four potential projects, each with distinct characteristics:

      
        	Project Alpha: A next-generation AI solution for healthcare. This project could potentially revolutionize the medical industry but requires significant R&D investment and has a high-risk profile.

        	Project Beta: An incremental improvement to an existing software product. This project has a low-risk profile and a reliable revenue stream but offers less potential for exponential growth.

        	Project Gamma: A cutting-edge blockchain technology for supply chain management. This project is positioned in a high-growth market but is subject to regulatory uncertainties.

        	Project Delta: A digital transformation service for small and medium enterprises. This project promises a steady income stream but faces stiff market competition.

      

      XYZ Tech uses a weighted scoring model for project selection. The selection criteria and their weights are:

      
        	Market Potential: 30%

        	Strategic Fit: 25%

        	Financial Return: 30%

        	Risk Level: 15%

      

      Below are the scores given by the project evaluation team (on a scale of 1-10, with 10 being the best) for each project based on these criteria:

      	Project/Criteria 	Market Potential 	Strategic Fit 	Financial Return 	Risk Level 
  	Alpha 	9 	8 	8 	3 
 	Beta 	6 	7 	7 	8 
 	Gamma 	8 	6 	9 	4 
 	Delta 	7 	7 	6 	7 
  

      
        Questions:
      

      
        	Calculate the weighted scores for each project and interpret the results. Which project should XYZ Tech choose based on the calculated scores? Are there any caveats or limitations in using these scores for the final decision? How could these limitations be mitigated?

        	Discuss the advantages and disadvantages of using a weighted scoring model for project selection. How might this model be beneficial or detrimental for XYZ Tech?

        	Explain how the assigned weights for each criterion reflect XYZ Tech’s strategy and priorities. Would you suggest any changes to the weights assigned? If so, why?

        	Assess the potential impact of each project on XYZ Tech’s business. Consider factors beyond the given selection criteria, such as potential benefits, risks, and long-term strategic implications.

      

    

  

  




  
  





Chapter 3. Project Initiation




3.0 Learning Objectives and Overview


  
  
    
      Learning Objectives

    

    
      
        	Explain the process of developing a project charter to authorize the project, and describe the roles of the project sponsor and project manager.

        	Describe the project environment, and outline the internal and external factors that may affect a project.

        	Explain the formal and informal organizational structure, and compare three main organizational structure types based on the project manager’s authority level.

        	Describe the responsibilities of a Project Management Office (PMO).

      

    

  

  All projects are undertaken for a reason.  Some projects can be initiated for business reasons (i.e., strategic objectives), such as increasing profits, decreasing customer wait time, and improving employee working conditions. Other projects exist for social reasons, such as a municipal recycling system or the installation of clean energy solutions. Often, the pressure to produce results encourages people to identify possible solutions without fully understanding the needs and purposes of the project. This approach can create a lot of immediate activity, but it also creates the likelihood that the change initiative will fail to deliver the proposed organizational value.

  As detailed in Chapter 2, one of the best ways to gain approval for a project is to clearly communicate its objectives and describe how the project provides a solution for an organizational need or capitalizes on a business opportunity. A needs analysis accompanying a business case is often conducted to understand better the underlying organizational needs and how meeting these needs would help the organization achieve strategic objectives (e.g., increase profits, improve customer experience, develop new products). Each is assessed once alternative solutions are identified to determine if they support the organization’s vision and strategies. Issues of justification (“Should we do the project?”) and feasibility (“Can we do the project?”) are addressed for each solution. Finally, some projects are selected to initiate. It is important to note that project justification is a key part of the project initiation phase: a project must have a reason to exist, and if no such justification can be determined, then it’s best to stop the project before too much time, money, and resources are invested in it. If issues of justification are not adequately addressed, the project will lack the required organizational support and, ultimately, will be unsuccessful.

  




  
  





3.1 Project Charter


  
  Project justification starts when a business case is prepared that addresses the needs and feasibility of solutions. Project managers may be involved during this phase, though it is common not to have a project manager during pre-project work. In organizations with a Project Management Office (PMO) or a program department, project managers or a team of project managers and their assistants could develop the business case with business analysts, subject matter experts, and representatives from relevant departments. A business case could be prepared during the initiation if not made in the pre-project phase.

  When a project selection committee decides to go with some of the projects proposed, the sponsor, business analysis team, relevant departments, or selection committee members can start the preparation of a project charter which will allow the formal authorization of the existence of a project. A project charter provides the project manager with the authority to apply organizational resources to project activities[1]. Developing a project charter requires inputs such as business documents (business case, needs analysis, and benefits management plan), agreements, enterprise environmental factors (discussed in Project Environment below), and organizational process assets. A project charter is necessary to initiate both internal projects in which a client is a unit in our organization and external projects in which the client is outside our organization. If we are conducting a project with an external client, the two parties (i.e., our organization and the external client) will also need a formal and legally binding contract to establish an agreement.

  
    
      [image: Figure 3.1: Pre-Project Work, Project Life Cycle, and Post-Project Work Source: PMBOK Guide 6th Edition. This figure is composed of six primary columns. The first one is titled "Pre-Project" Work. Following columns are Initiating, Planning, Implementation, and Closing. The sixth and final column title is Post-Project Work. Pre-Project Work includes Needs Assessment that is required to prepare a Business Case which should be in alignment with a benefits management plan. Initiation stage includes the preparation of a Project Charter. In the Planning stage, a Project Management Plan is prepared. Implementation stage includes the execution of activities and creating deliverables. Closing phase includes administrative closure, lessons learned, disbanding the team, and transition of deliverables. Post-project work consists of operations and maintenance. Monitoring and controlling overlaps with all four project life stages.]
      Figure 3.1.1: Pre-Project Work, Project Life Cycle, and Post-Project Work
Compiled from PMBOK Guide 6th Edition

    

  

  
    3.1.1 Project Initiation

    In the initiation stage (Figure 3.1.1), there are two main processes, according to the PMBOK Guide 6th edition: Developing a project charter and identifying stakeholders. The former process will be discussed in detail in Chapter 5, “Stakeholder Management.” The initiation of the project is a process group to start developing the project infrastructure to support all the activities associated with planning, executing, monitoring, and closing the project. In this stage, project managers should prioritize addressing stakeholders’ expectations and concerns in order to properly determine all the components (e.g., scope, schedule, budget, resources, risks, and quality) of the project. Therefore, project managers conduct one or more kickoff meetings to align all the various stakeholders. The strength of the initial alignment will have a big impact on project success. At this early stage, project managers learn how to identify the appropriate means of communication with key stakeholders. Effective communication with project stakeholders is another critical success factor, so this work must begin early (see Chapters 5 and 6). Initiation is the first project life cycle stage to begin team building and developing collaborative approaches for working together. During the kick-off meeting, the project manager, the team, or the sponsor should share the information below with the main stakeholders involved:

    
      	The project’s objectives

      	Known priorities and success metrics

      	Organizational constraints and related trade-offs

      	A high-level description of the project scope

      	Key milestones

      	An initial list of project risks

      	Key stakeholders

    

    After the initial kick-off meeting, subsequent meetings with primary stakeholders lead to more clarification and elaboration on the information above and developing a project charter. As with the project justification documents, low-complexity projects may have very short project charters, while higher-complexity projects may require longer, more comprehensive ones. In either case, the project charter has two important aspects: key stakeholders, including a detailed description of their roles and responsibilities and project success metrics.

    3.1.2 Project Charter

    A project charter must be approved by the project sponsor. The project sponsor is the most powerful stakeholder and is usually an executive in the organization with the authority to assign resources and enforce decisions regarding the project. They often initiate the project and, as such, are often referred to as the “initiating sponsor.” A project sponsor has the authority to start and stop the project and will support the completion of project objectives by removing the barriers to success. They can be regarded as the “external champions” because they often serve as the last escalation point when the project team needs support bringing an off-track project back on track. Successful project teams know how to leverage the power and position of the project sponsor and will proactively ask them to deliver influencing communications throughout the organization in order to maintain the project’s momentum and high morale within the team. Many project sponsors can assign one or more sustaining sponsors as the “internal champion(s).” The sustaining sponsors are often leaders of the internal departments most affected by the project, such as a marketing or human resources manager. When the project sponsor selects the sustaining sponsor(s), one of their goals is to ensure that the project team frequently considers the organizational impacts of the introduced changes. By keeping the sustaining sponsor(s) actively engaged in the project, they will ensure their teams are intently participating in the project and identifying the operational impacts that must be considered for the change to be sustained once the project has been completed. On a day-to-day basis, the sustaining sponsor(s) act as the first escalation point as issues/risks are raised.

    The project charter formally recognizes the existence of the project by presenting the project leader’s understanding and conceptualization of the project’s objectives. Most importantly, it authorizes the project leader to apply organizational resources to achieve its objectives. Once the Charter is approved and formally signed off, it becomes an agreement between the project leader and the project sponsor. As such, some organizations prefer to refer to this document as a letter of agreement instead of a project charter. Approval of this document, whether a letter of agreement or a project charter, signals the transition into the planning phase of the project.

    
      3.1.2.1 The Content of a Project Charter 
      
        [2]
      
    

    A project charter is a necessary document to initiate a project. Organizations may have different templates for a project charter. Below is a generic template for a project charter that would help students understand the main components and develop one in their individual and team (group) assignments, as well as when they are involved in project teams. Our template has thirteen sections. The example for our Grocery LLC’s Mobile-Commerce Project below will elaborate on each section.

    
      	Project purpose 	It describes the reason for initiating the project by highlighting problems and/or opportunities and provides an overview of the main objective to align the project with organizational goals.



      	Measurable project objectives 	These are SMART objectives (see Section 2.2 SMART Objectives) that can be refined, detailed, and finalized in the Project Plan.



      	High-level requirements 	These are business and stakeholder requirements (see Section 4.2 Eliciting Requirements).



      	High-level project description, boundaries, and key deliverables 	This section summarizes the project’s scope, what is included and excluded, and identifies the main outputs or products to be delivered.



      	Assumptions and constraints 	Assumptions are beliefs or statements taken to be true for the planning and execution of the project. They represent factors that, if different from what is assumed, could affect the project’s success.
	Constraints are restrictions or limitations that set boundaries on how a project can be conducted. They define the limits within which the project team must operate and make decisions. These constraints typically originate from external or internal factors and are non-negotiable unless explicitly agreed upon by key stakeholders.



      	Overall project risk 	These are the high-level risks that may affect the project in general, not only one or a few activities or decisions (see Chapter 10, Project Risks).



      	Summary milestone schedule 	This section presents a high-level timeline of major milestones and their expected completion dates.



      	Preapproved financial resources 	This section specifies the budget that was approved. Itemized budget that is created based on the activities and resource allocation is prepared during the project planning.



      	Key stakeholder list 	This section includes the key stakeholders who have high interest and/or high power (see Chapter 5, Stakeholder Management).



      	Project approval requirements 	These requirements are specific criteria or conditions that must be met for the project deliverables or phases to be formally approved by stakeholders.



      	Project exit criteria 	These criteria are the conditions under which the project will be terminated, whether successfully (e.g., achieving objectives) or prematurely (e.g., due to issues that require early termination).



      	Project team 	The roles, responsibilities, and contributions of the core team members are listed in this section.



      	Name and authority of the sponsor authorizing the project charter.

    

    Below is an example of a short project charter for our Grocery LLC’s Mobile-Commerce Project. In Chapter 1, we started evaluating the uniqueness and temporary nature of the two projects. The first project aimed to establish self-checkout areas at all fifty markets across five states to solve the problem of more than usual traffic between 4 pm and 7 pm on weekdays. The second project aimed to create a new mobile application and make the current website compliant with smartphones. In Chapter 2, we performed a weighted scoring model to compute the total scores of project candidates based on various criteria that are not only dependent on financial factors and chose projects A (self-checkout stations) and D (m-commerce). Project D addressed the problem of declining sales at Grocery LLC’s all fifty markets in general with the onset of the COVID-19 pandemic. Considering the priority of the project and the pessimistic trends forecasted regarding the pandemic and the increasing digitalization of companies and consumers, we will use this project in this chapter and the following chapters.

    
      
        
          Project Charter for our Grocery LLC’s Mobile-Commerce Project
        

      

      
        
          
            1. Project Purpose:
          
        

        
          	To develop mobile solutions that enhance customer experience and recapture lost market share by:

          	Optimizing the existing website for mobile responsiveness.

          	Developing a new mobile application compatible with both Android and iOS platforms.

        

        
          
            2. Measurable Project Objectives:
          
        

        In three months after the mobile website and the new mobile application go live, online sales will increase at least 25%, customer satisfaction will increase at least 20%, and we can retain our loyal customers.

        
          	Online sales figures will be compared before the mobile solutions are introduced and three months after they go live.

          	Two surveys (before the mobile solutions are introduced and three months after they go live) will be conducted by a market research company to measure the satisfaction level of customers.

          	The customers who have bought items from our company for the last three years will be interviewed to understand if they still shop at our grocery markets and on new mobile solutions.

        

        
          
            3. High-Level Requirements
          
        

        
          	The mobile website and smartphone application shall: 	Include all the functions that a desktop website possesses.
	Be accessed with the same login username and password.
	Synchronize the customer profile and the cart with the desktop website.



        

        
          
            4. High-level project description, boundaries, and key deliverables
          
        

        
          Needs Statements are retrieved from the business case documents if available.
        

        Over the last six months, there has been a steady decline in online purchases. Our company lost many customers due to the pandemic. Customers prefer buying online instead of visiting a store in person since they are concerned about contracting COVID-19. Our fifty stores in five states lost around 30% of regular customers, and the revenue declined by 25% since the start of the pandemic restrictions in March 2020. Our business analysts investigated the issue by conducting a root-cause analysis, and they found that many customers use their smartphones to buy online rather than using their desktop or laptop computers. When the customers visited our company’s website, they could not complete their online transactions since the website was not optimized for mobile. Besides, we don’t have a mobile application that our customers can use on their smartphones. E-commerce websites such as Amazon, brick-and-click stores such as Walmart and Target, and grocery chains such as Whole Foods (through Amazon) are strong competitors from which customers can conveniently do their online shopping.

        Therefore, our project has been initiated to optimize the desktop website on both Android and IOS smartphones and to create a new smartphone application. In this project, we are not directly targeting tablets since their screen size would allow us to display the regular desktop website. Besides, the smartphone application can be used on tablets.

        
          Key deliverables:
        

        
          	Optimized mobile website: The mobile website will be redesigned to make it more responsive and easier for customers to place orders on their smartphones.

          	Mobile application: A new mobile app that can work on both operating systems (Android and iOS) will be developed.

        

        
          
            5. Assumptions and Constraints
          
        

        
          	Assumptions: 	A positive trend is expected in the long term, and mobile e-commerce transactions will rise.
	Our current website will continue to function during the project.
	The owners and the top executives will continue to support this project.
	Third-party vendors will deliver their components on the dates agreed upon.
	The new app will integrate seamlessly with our current systems.




          	Constraints: 	Some loyal customers who prefer in-person shopping may resist change, so they may not want to use online shopping.
	The current software platform we use can only support a specific number of concurrent users.
	Our team lacks expertise in mobile app development, requiring either training or hiring of new talent.



        

        
          
            6. Overall project risk
          
        

        
          	Shortage of web designers and mobile app developers 	Due to the COVID-19 pandemic, there is a higher demand for web designers and mobile app developers. Besides, these qualified employees may not be available if they contract COVID-19 while working on our project.
	This shortage may lead to delays in development activities or suboptimal quality of deliverables.



          	Misalignments among stakeholders 	Misaligned expectations among two key stakeholders, the Chief Marketing Officer (CMO) and Chief Information Officer (CIO), were identified during the initial interviews.
	Although the stakeholder management plan will cover the measures to minimize these misalignments, the team should consider the potential impact of these conflicts on project timelines and deliverables and proactively facilitate regular alignment meetings to address their differing priorities and reach a consensus on critical decisions.



        

        
          
            7. Summary Milestone Schedule
          
        

        The project starts on May 2, 2022, and finishes on July 1, 2022.

        
          	Kick-off: May 2, 2022

          	Finalization of requirements elicitation: May 10

          	Completion of analysis and design: May 25

          	Completion of coding and testing: June 15

          	Completion of alpha testing: June 20

          	Completion of beta testing: June 30

          	Customers can visit the mobile website and install the smartphone app: July 1, 2022

        

        
          
            8. Preapproved Financial Resources
          
        

        The initial budget for this project was determined to be $200,000. Two similar projects conducted and completed by two other companies were used. The itemized budget will be available and can be revised when the analysis and design are completed.

        
          
            9. Key Stakeholder List
          
        

        
          	Project manager (Senior Systems Analyst)

          	Project team members (The core team)

          	Project sponsor (Chief Operations Officer – COO)

          	Product owner (The representative from the operational department who was assigned by the COO)

          	IT Department

          	Sales Department

          	Marketing Department

          	HR Department

          	Store managers and employees

          	Suppliers

          	Online customers

          	Customers who visit the stores in person

          	Government agencies that announce the pandemic restrictions

        

        
          
            10. Project Approval Requirements
          
        

        The mobile website and the smartphone app will be subject to alpha testing first. Then, beta testing will follow, where customers can install the beta version on their smartphones and shop online. During the implementation of the beta version, all the feedback from customers and their mobile devices will be evaluated, and the bugs and problems will be corrected. When the mobile website and the app are fully functional, customers should log in with their usernames and passwords, browse items, add them to their carts, proceed to checkout, and complete their payment.

        The sponsor must approve the sign-off after they receive the inspection and acceptance report.

        
          
            11. Project Exit Criteria
          
        

        
          	The project will be closed successfully if both deliverables are ready to be introduced to the customers and all the human resources working on this project are paid.

          	The project will be canceled if our company’s financial situation worsens significantly, so it is impossible to fund the project.

        

        
          
            12. Project Team
          
        

        
          	Project manager: Senior systems analyst

          	Two systems (business) analysts

          	Two UI/UX designers

          	Three developers (including Android and IOS developers, and the backend developer)

          	Two testers (quality assurance engineers)

          	Two sales and marketing experts

        

        
          
            13. Authority of the Sponsor
          
        

        The COO (Chief Operations Officer) of Grocery LLC is the sponsor. The project manager will have the full authority to identify the necessary tasks and resources to complete all the project activities and deliverables. The sponsor shall authorize the project and assign the project manager when they approve this project charter.

      

    

  

  

  
    
      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


      	Project Charter template from www.projectmanagement.com↵


    

  

  




  
  





3.2 Project Environment


  
  When the business case and the project charter, and later, the project management plan and its subcomponents, are prepared, the project environment surrounding the project should be examined thoroughly to delineate the factors that may have a negative or positive impact on the project activities and its outcomes. In PMBOK Guide 6th Edition, this environment comprises enterprise environmental factors (EEFs) and organizational process assets (OPAs). PMBOK Guide 7th edition refers to them as the project environment. The project environment comprises two components, internal and external, described in detail below.

  3.2.1 Internal Environment

  The internal environment in which a project is developed consists of the factors that are internal to the organization but outside the project itself. These factors include elements such as organizational culture, structure, and governance, as well as security and safety measures. Other tangible elements include geographic location as well as distribution of facilities and resources, infrastructure, IT software and hardware, resource availability, and employee capability. The internal environment also includes organizational process assets, which are processes, policies, and procedures, as well as organizational knowledge bases (e.g., financial data, historical information, lessons learned, and project files from previous projects)[1].

  Consider the project charter example above. While we are creating the business case and preparing the project charter and project management plans, it would be wise to incorporate all the factors that may affect the mobile app and website optimization project. We should enumerate the main properties of our grocery store chain, some of which are provided below:

  
    	Strategic objectives, mission, and vision

    	Organizational values and beliefs

    	Cultural norms that influence the relationships among coworkers

    	Code of conduct

    	The number of employees

    	Geographic locations and the size of the stores

    	Variety of the products and services sold

    	Financial situation

  

  We should also consider the organizational structure of the headquarters and all the branches. This also helps us identify internal and external stakeholders affected by our project and who may affect our project. Additionally, this helps us identify the dependencies among the departmental units and internal resources that might need to be utilized to complete the project. Reporting structure inside the organization could influence our project’s decision-making and change request processes. When our project needs to utilize hardware and software tools to facilitate the activities, we can obtain them in an expedited way directly from the assets of our organization, which also saves the budget. When we need human resources, materials, and equipment, since we have already delineated the organizational structure with the tasks and responsibilities of each unit, we can benefit from the agreements already made with approved providers and subcontractors. Another advantage of listing all the capabilities of our organizations would be when we establish the project team. If our organization employs business or systems analysts, developers, user interface designers, or testers, we can ask their managers or executive-level managers above these managers to provide these qualified employees with specialized knowledge for our project. This may also reduce the external risks we may face if we hire them from outside our organization. In the “3.3 Organizational Dimensions and the Structure” section, we will elaborate on the organizational structure.

  
    3.2.2 
    External Environment
  

  A project’s external environment consists of the factors that exist outside of the organization. It includes market conditions, social and cultural influences and issues, legal restrictions, commercial databases, academic research, government or industry standards, financial considerations, and physical environmental elements[2].

  Figure 3.2.1 illustrates types of general macro environments and forces that are interrelated and affect organizations: sociocultural, technological, economic, government and political, natural disasters, and human-induced problems that affect industries and organizations. Macro environment refers to the outermost layer of elements in a firm’s external environment that can impact a business but are generally beyond the firm’s direct control, such as the economy and political activity. This environment can also affect projects conducted by organizations. For example, economic forces generally include elements such as exchange rates and wages, employment statistics, and related factors such as inflation, recessions, and other negative and positive shocks. Additional factors include hiring and unemployment, employee benefits, and factors affecting organizational operating costs, revenues, and profits, all of which are affected by global, national, regional, and local economies. Politics and governmental policies, international wars, natural disasters, technological inventions, and sociocultural forces could directly affect our organization and the projects or may interact with other forces, such as economic forces.

  

  
    [image: Figure 3.2: Macro Forces and Environments (Attribution: Copyright Rice University, OpenStax, under CC-BY 4.0 license)]
    Figure 3.2.1: Macro Forces and Environments (Attribution: Copyright Rice University, OpenStax, under CC-BY 4.0 license)

  

  Besides the macro environment, as explained above and illustrated in Figure 3.2.1, the micro environment is another external environment element that refers to the middle layer of elements in a firm’s external environment, primarily concerned with a firm’s industry situation. Harvard strategy professor Michael Porter developed an analysis tool to evaluate a firm’s micro environment. Porter’s Five Forces is a tool used to examine different micro-environmental groups in order to understand the impact each group has on a firm in an industry (Figure 3.2.2). In this textbook, we will not explain each factor (See the reference link[3]). However, these five factors, industry rivalry, the threat of new entrants, threat of substitutes, supplier power, and buyer power, could have a substantial influence on a project. Therefore, we should consider these external factors while assessing the factors that may affect our project from outside the organization.

  
    
      [image: Figure 3.3: Porter’s Five Forces Model of Industry Competition (Attribution: Copyright Rice University, OpenStax, under CC-BY 4.0 license)]
      Figure 3.2.2: Porter’s Five Forces Model of Industry Competition (Attribution: Copyright Rice University, OpenStax, under CC-BY 4.0 license)

    

  

  
    It is important to keep these external factors in mind when preparing for and managing a project since many, if not most, of these external factors and any changes in these factors may have negative or positive impacts on projects. They could lead to risks that may put the project activities and deliverables, as well as the overall project, in jeopardy.

  

  

  
    
      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


      	Project Management Institute. (2021). A guide to the Project Management Body of Knowledge (PMBOK guide) (7th ed.). Project Management Institute. ↵


      	Principles of Management. (2019). Retrieved from https://openstax.org/books/principles-management/pages/8-4-a-firms-micro-environment-porters-five-forces?query=micro%20environment&target=%7B%22type%22%3A%22search%22%2C%22index%22%3A0%7D#fs-idm537041840↵


    

  

  




  
  





3.3 Organizational Dimensions and the Structure


  
  Organizations have formal and informal subsystems that affect everything from big-picture strategic planning and execution to daily operations. Figure 3.3.1 shows internal organizational dimensions. Formal subsystems include leadership, strategy, management, goals, marketing, operations, technology, and structure. Informal subsystems comprise culture, norms, relationships, politics, and leadership skills. Understanding organizational dimensions – and how projects fit within them – gives project managers insights into managing projects more effectively and efficiently.

  
    [image: The image depicts an organizational environment framework, illustrating the interaction between the internal and external environments.External Environment: Surrounds the internal environment and includes four key forces: Economic Forces Technological Forces Political-Legal Forces Sociocultural Forces Internal Environment: Represented as a central oval, containing two subsystems: Formal Subsystem: Includes elements like leadership, strategy, management, goals, marketing, operations, technology, and structure. Informal Subsystem: Includes aspects like managers, culture, norms, relationships, politics, and leadership. The diagram emphasizes the relationship between external forces and the internal subsystems of an organization, showcasing how these factors interact and influence organizational dynamics.]
    Figure 3.3.1: Internal Organization (Attribution: Copyright Rice University, OpenStax, under CC-BY 4.0 license)

  

  
    3.3.1 
    Formal Subsystem
  

  An organization’s formal subsystems govern how various tasks are divided, resources are deployed, and how units/departments are coordinated. An organizational structure includes a set of formal tasks assigned to employees and departments, a formal reporting relationship, and a design to ensure effective coordination of employees across departments/units with the help of authority, reliability, responsibility, and accountability, which are fundamental to developing organizational structures and workflow based on their clear understanding by all employees. In short, an organizational structure is a system of task and reporting relationships that control and motivate colleagues to achieve organizational goals. In discussing organizational structure, the following principles are important:

  
    	Authority is the ability to make decisions, issue orders, and allocate resources to achieve desired outcomes. This power is granted to individuals (possibly by the position) so that they can make full decisions.

    	Reliability is the degree to which the project team member can be dependent to ensure the project’s success with a sound and consistent effort.

    	Responsibility is an obligation incurred by individuals in their roles in the formal organization to perform assignments effectively or to work on the project’s success with or without guidance or authorization.

    	Accountability refers to how an individual or project team is answerable to the project stakeholders and provides visible evidence of action.

  

  Authority and responsibility can be delegated to lower levels in the organization, whereas accountability usually rests with an individual at a higher level.

  An organizational structure outlines the various roles within an organization, which positions report to specific individuals or departments, and how an organization segments its operations into discrete departments. An organizational structure is an arrangement of positions that is most appropriate for the company at a specific point in time. Given the rapidly changing environment in which organizations operate, a structure that works today might be outdated tomorrow. That’s why we often hear about organizations restructuring—altering existing organizational structures to become more competitive/efficient once conditions have changed.

  Organizational structures can be categorized as a spectrum of a project manager’s authority. This spectrum includes three main types as below:

  
    	Functional (Centralized)

    	Matrix

    	Project-oriented / Projectized

  

  
    3.3.1.1 Functional (Centralized) Organizational Structure
  

  As illustrated in Figure 3.3.2, the project manager’s authority is minimal in a functional organization, whereas it is high to almost total in a project-oriented organization. However, each organization type has advantages and disadvantages, and some organizations can even be a mix of multiple types.

  
    [image: The image illustrates the relationship between Project Manager's Authority Level and Organizational Structure Type on a continuum:X-axis: Represents increasing levels of authority for the project manager, ranging from None to Almost Total. Organizational Structures: 1. Functional: No project manager authority. 2. Weak Matrix: Low project manager authority. 3. Balanced Matrix: Moderate project manager authority. 4. Strong Matrix: High project manager authority. 5. Project-Oriented: Almost total project manager authority. The diagram emphasizes how authority levels vary depending on the organizational structure, with functional organizations granting minimal authority and project-oriented organizations granting maximum authority to the project manager.]
    Figure 3.3.2: The Spectrum of Organizational Structure Types based on Project Manager’s Authority Level

  

  A functional organization has workgroups arranged according to the tasks and jobs performed by specialized departments such as manufacturing, marketing and sales, human resources, and finance, as seen in Figure 3.3.3. Since there is no project management department or office, a project manager or a coordinator is generally selected from the department primarily responsible for conducting a project. However, this person may not have a designated project manager or coordinator role, and their service in this role is often temporary until the project is completed. This department is generally the main beneficiary of the project, or it is the implementing department. For example, if the project’s goal is to improve customer service, a project manager can be selected from among senior or experienced employees, who is also considered as a subject matter expert in the topic of the project, from the “Customer Service” division under the “Marketing & Sales” department. This person may not work full time as a project manager as they may still carry out the routine tasks of their division and department. Additionally, this project manager would be under the supervision of the “Marketing & Sales” department manager. When they need human and other resources, they may be unable to obtain them directly. Still, they should negotiate with their manager (Marketing & Sales department in our case) and other department managers (e.g., Manufacturing, Finance). Thus, the project budget is managed by the functional manager, not the project manager. Moreover, the project team may not have administrative staff. Therefore, the project manager may use their department’s administrative staff part-time. The main advantage of this organization type is that the project manager can acquire qualified and experienced human resources from other functional departments.

  
    [image: The image represents a functional organizational structure, where the organization is divided into departments based on specific functions.Top Management: Oversees the entire organization. Main Functions: Manufacturing: Includes Component Manufacturing, Quality Control, and Distribution. Marketing & Sales: Includes Marketing, Sales, and Customer Service. Human Resources: Includes Recruitment and Payroll. Finance: Includes Accounting, Finance, and Purchasing. Each department specializes in its respective function, ensuring a clear hierarchy and responsibilities within the organization. This structure is common in traditional businesses focusing on specialization and efficiency.]
    Figure 3.3.3: Functional Organization Type

  

  
    3.3.1.2 Matrix Organizational Structure
  

  Moving to the right on the spectrum (Figure 3.3.2), we can arrive at a weak matrix organization where functional units still exist. Still, the role of the project manager also becomes more well-defined and might even be its own role within the organization. In a weak matrix, the project manager still works part-time in their department while having more authority than in a functional organization, but at a low level (Figure 3.3.4).

  
    [image: The image depicts a weak matrix organizational structure, where the Project Coordinator or Manager is placed within the Sales Department. In this structure:The Project Coordinator or Manager (located in Sales) collaborates with team members from other functional departments to execute projects. Red circles and lines highlight interdepartmental interactions, indicating that the project team may include members from: Manufacturing (Quality Control) Human Resources (Recruitment) Finance (Finance and Purchasing). This structure allows resource sharing across functional departments but maintains the functional manager's authority over their staff, with the project coordinator having limited authority. It emphasizes collaboration across functional boundaries to achieve project goals.]
    Figure 3.3.4: Weak Matrix Organization Type

  

  As we continue across the spectrum, we now have a balanced matrix organization type in which we may have a designated project manager with a higher authority. The project manager may manage the project budget to some extent, but not completely, although the functional manager still has more say.

  As illustrated in Figure 3.3.5, a Project Management Office (PMO) or a designated program management office is added in a strong matrix organization type besides functional departments. This department employs full-time project managers with a designated job role. They manage the project budget, and their authority becomes moderate to high. They can also have a full-time administrative staff. This organizational structure may be preferred by many project managers since they can acquire qualified and experienced team members from functional departments inside the organization while they have higher levels of authority.

  
    [image: The image illustrates a strong matrix organizational structure, where the Project Management Office (PMO) and project managers play a central role in managing projects, with significant authority.Top Management oversees the organization and delegates responsibilities to functional departments and the PMO. Functional Departments: Include Manufacturing, Marketing & Sales, Human Resources, and Finance. Each department performs specialized functions. Project Management Office (PMO): Comprises multiple project managers (e.g., Project Manager 1, Project Manager 2, Project Manager 3), who are responsible for coordinating projects and have authority over resources. Red Circles: Highlight cross-functional interaction. The project managers coordinate with departments such as Component Manufacture, Marketing, Recruitment, Customer Service, and Purchasing to access resources and expertise for their projects. In this structure, project managers have high authority, resources are shared across functions, and projects are prioritized alongside functional activities, emphasizing collaboration and effective project delivery.]
    Figure 3.3.5: Strong Matrix Organization Type

  

  
    3.3.1.3 Project-Oriented (Projectized) Organizational Structure
  

  In a project-oriented or projectized organization, tasks are arranged by projects, not functions (Figure 3.3.6). Project managers work independently with a high authority, having full-time designated job roles. However, they may have some challenges while acquiring human resources and other resources since the organization doesn’t have specialized departments where skilled and experienced employees work.

  
    [image: The image represents a Project-Oriented Organizational Structure, where the organization is structured around individual projects.Top Management: Provides oversight and strategic direction for all projects. Administrative Support: Offers centralized assistance to all projects, such as resource coordination, finance, or HR services. Projects: Each project (e.g., Project A, Project B, Project C, Project D) is treated as a separate unit with its own: Project Teams: Dedicated teams focused solely on their specific project. This structure emphasizes the prioritization of projects, with project managers having full authority over their teams and resources, ensuring high efficiency and accountability for project outcomes. It is particularly effective for organizations heavily focused on delivering project-based work.]
    Figure 3.3.6: Project-Oriented Organization Type

  

  
    3.3.2        
    Informal Subsystem
  

  When working with internal stakeholders (those inside an organization) and external stakeholders (those outside an organization) on a project, it is essential to pay close attention to the hierarchy and authority relationships, relationships, context, history, and corporate or organizational culture. Organizational (corporate) culture refers to the beliefs, attitudes, and values that the organization’s members share and the behaviors consistent with them (which they give rise to). Organizational culture sets one organization apart from another and dictates how members of the organization will see you, interact with you, and sometimes judge you. Often, projects also have a specific culture, work norms, and social conventions (see Chapter 6).

  An organization’s culture is defined by the shared values and meanings its members hold in common, articulated and practiced by its leaders. Purpose, embodied in corporate culture, is embedded in and helps define organizations. Ed Schein, one of the most influential experts on culture, also defined organizational corporate culture as “a pattern of shared tacit assumptions learned or developed by a group as it solves its problems of external adaptation and internal integration that have worked well enough to be considered valid and, therefore, to be taught to new members as the correct way to perceive, think, and feel in relation to those problems.[1]” Some aspects of organizational culture are easily observed; others are more difficult to discern. We can easily observe the office environment and how people dress and speak. In one company, individuals work separately in closed offices; in another, teams may work in a shared environment. The subtler components of organizational culture, such as the values and overarching business philosophy, may not be readily apparent, but they are reflected in member behaviors, symbols, and conventions used. Organizational culture can give coworkers a sense of identity through which they feel they are an indispensable component of a larger and stronger structure.

  Some cultures are more conducive to project success than others. As a project leader, it is very important to understand the unique nature of the corporate culture that we operate in. This understanding allows us to put in place the processes and systems most likely to lead to project success.

  Organizational culture is considered one of the most important internal dimensions of an organization’s effectiveness criteria. An influential management guru, Peter Drucker, once stated, “Culture eats strategy for breakfast.”[2] He meant that corporate culture is more influential than strategy in terms of motivating employees’ beliefs, behaviors, relationships, and ways they work since culture is based on values. Strategy and other internal dimensions of an organization are also very important. Still, organizational culture serves two crucial purposes: First, culture helps an organization adapt to and integrate with its external environment by adopting the right values to respond to external threats and opportunities. Secondly, culture creates internal unity by bringing members together to work more cohesively to achieve common goals. Culture is both the personality and glue that binds an organization. It is also important to note that organizational cultures are generally framed and influenced by the top-level leader or founder. This individual’s vision, values, and mission set the “tone at the top,” influencing ethics and legal foundations and modeling how other officers and employees work and behave. The Competing Values Framework offers a framework used to study how an organization and its culture fit the environment (Figure 3.3.7).

  
    
      [image: The image represents the Competing Values Framework by Cameron & Quinn (1999), which categorizes organizational cultures into four quadrants based on two dimensions: Flexibility vs. Stability and Control and Internal vs. External Focus.Clan Culture (Top Left - Internal Focus & Flexibility): Emphasizes family-like, nurturing, and participative environments. Values mentoring, collaboration, and a sense of belonging. Adhocracy Culture (Top Right - External Focus & Flexibility): Focuses on dynamic, entrepreneurial, and innovative approaches. Encourages risk-taking and values creativity and adaptability. Hierarchy Culture (Bottom Left - Internal Focus & Stability and Control): Prioritizes structure, control, and coordination. Focused on maintaining efficiency, order, and stability. Market Culture (Bottom Right - External Focus & Stability and Control): Results-oriented and competitive. Values achievement, getting tasks done, and driving performance. This framework helps organizations identify their dominant culture and align their strategies with their values and goals.]
      Figure 3.3.7: The Competing Values Framework as adapted from K. Cameron and R. Quinn, 1999. Diagnosing and Changing Organizational Culture, Addison-Wesley, p. 32.
(Attribution: Copyright Rice University, OpenStax, under CC-BY 4.0 license)

    

  

  
    Assume you are leading a project in an organization with a hierarchical culture. Projects are about changing the way an organization operates. Introducing change in an organization with this type of culture can be challenging because they value caution, conservative approaches, and careful decision-making. Suppose the project you are leading involves introducing innovative practices and technologies. In that case, getting the approvals required to proceed at its various stages may be very difficult and time-consuming. Innovative practices are not guaranteed to work; success requires high risk tolerance in decision-making processes. This may be difficult to achieve in organizations with this type of culture.

    Furthermore, the already aggressive schedule of employees in hierarchal organizations may not be able to accommodate the potential numerous and lengthy deliverable reviews required for innovative projects, causing project success to be viewed as unachievable. Project leaders in this type of culture are wise to speak openly and candidly about the project’s risks and plan for additional deliverable reviews as a way of setting the project up for success. If this very same innovative project was being delivered in an organization with a market culture, the decision-making approach and the schedule are likely to be fundamentally different.

  

  

  
    
      	Schein, E. (2017). Organizational culture and leadership, 5th ed., Hoboken, N.J.: John Wiley & Sons. ↵


      	Hyken, S. (2015, December 5). Drucker said the culture eats strategy for breakfast. Forbes. https://www.forbes.com/sites/shephyken/2015/12/05/drucker-said-culture-eats-strategy-for-breakfast-andenterprise-rent-a-car-proves-it/#7a7572822749↵


    

  

  




  
  





3.4 Project Management Office (PMO)


  
  A project management office (PMO) is an organizational structure that standardizes the project-related governance processes and facilitates the sharing of resources, methodologies, tools, and techniques. The responsibilities of a PMO can range from providing project management support functions to the direct management of one or more projects.[1]

  Many large and even medium-sized organizations have created a department to oversee and support projects throughout the organization. This is an attempt to reduce the high number of failed projects. These offices are usually called PMOs. The PMO may be the home of all the project managers in an organization, or it may simply be a resource for all project managers who report to their line areas. PMBOK Guide 6th Edition categorizes PMOs as supportive, controlling, and directive. Supportive PMOs provide a consultative role, while controlling PMOs provide support and require compliance through various means. Directive PMOs have full-time project managers who participate in the projects and manage directly by taking full control of the projects.

  
    	
      Supportive PMO
      
        	Supportive PMOs provide consultative support to project managers and teams as needed. They offer templates, best practices, access to information, and training. Their control level is low, and they operate more as a resource center than as a governing body.

      

    

    	
      Controlling PMO
      
        	Controlling PMOs enforce compliance with organizational project management standards, methodologies, and frameworks through various means. In addition to supportive services, they may require project managers to adhere to specific methodologies, use standardized templates and tools, and undergo compliance reviews. Their control level is moderate, and they ensure projects align with organizational standards through oversight and compliance mechanisms.

      

    

    	
      Directive PMO 
      
        	Directive PMOs take on a direct management role in projects by exercising control over project execution. Beyond providing support and ensuring compliance, they directly manage projects by assigning project managers and taking responsibility for the success of projects. Their control level is high, and they act as the command central for project management within the organization.

      

    

  

  In general, PMOs help ensure that projects align with organizational objectives, provide templates and procedures for project managers to use, provide training and mentorship, facilitate, stay abreast of the latest trends in project management, and serve as a repository for project reports and lessons learned.

  

  
    
      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


    

  

  




  
  





3.5 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	The official selection of a project based on the alignment of its business case with project selection criteria is followed by the development of a project charter that authorizes the project manager to apply organizational resources to achieve the project’s objectives.

        	A project charter consists of high-level content about a project, such as a project purpose, measurable project objectives, high-level requirements, key deliverables, constraints, assumptions, overall project risks, summary milestone schedule, preapproved financial resources, key stakeholder list, project approval requirements, project exit criteria, project team members, and the information regarding the sponsor. A project charter provides the project manager with the authority to apply organizational resources to project activities. The project sponsor signs it off.

        	A project is significantly affected by the environment, which comprises internal and external factors. These factors should be considered while developing a business case and initiating, planning, executing, and closing a project.

        	As an internal environmental factor, organizational structure plays a critical role in projects as they are an indispensable part of the organization they belong to. The formal subsystem of the organizational structure consists of three main organization types: functional, matrix, and project-oriented. The informal subsystem includes the organizational culture, which sets one organization apart from another with the beliefs, attitudes, and values the organization’s members share.

      

    

  

   

  




  
  





3.6 Multiple-Choice Questions


  
  There are 20 questions for this chapter.  You will get immediate feedback as you submit each answer and be taken to the next question.

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=93

  

  

  




  
  





3.7 Exercises


  
   

  
    
      Exercise 1: EnviroTech Project Environment

    

    
      Background: EnviroTech is a fictional leading tech company based in the hypothetical tech-centric city of Techville. Founded 25 years ago, the company’s vision was to use technology to make the world more sustainable and informed.

      Mission: “To leverage technology in creating a sustainable and environmentally conscious world.”

      
        Strategic Objectives:
      

      
        	Drive innovation in environmental technology solutions.

        	Expand global reach to promote sustainability in every corner of the world.

        	Collaborate with governments, NGOs, and businesses to develop and promote environmentally-friendly policies and practices.

        	Be the leading source of reliable and real-time environmental data.

        	Maintain a company culture that values sustainability, innovation, and global collaboration.

      

      
        Regions of Operation:
      

      
        	North America: Headquarters in Techville, with satellite offices in Canada and Mexico. The region focuses on developing software solutions and has a robust R&D department dedicated to environmental technologies.

        	Europe: Major hubs in London, Paris, and Berlin. The European team often collaborates with government bodies and NGOs to drive environmentally-friendly policies and practices.

        	Asia: Significant presence in Tokyo, Singapore, and Bangalore. The Asian division primarily focuses on data analytics, satellite imagery processing, and sensor integration.

        	Africa: Offices in Nairobi and Johannesburg. Given the continent’s diverse ecosystems, the African team specializes in on-ground data collection and collaborates with local governments to promote sustainability.

      

      Scenario: Recognizing the global emphasis on environmental sustainability, EnviroTech has conceptualized “EcoInsight,” a software solution designed to conduct in-depth environmental data analysis. This software would utilize a mix of satellite imagery, ground sensors, and user-generated data to provide real-time insights into environmental changes. Governments, NGOs, and businesses could leverage this data to make informed decisions about environmental policies and commercial endeavors.

      Given the company’s vast presence and mission to make the world more sustainable, the “EcoInsight” project is a step forward in achieving its strategic objectives. However, with operations in diverse regions and a mission that resonates globally, the project’s scale and implications require navigating both the internal and external project environments.

      
        Questions:
      

      
        	In the context of EnviroTech’s fictional global presence, how might differing regional tech advancements and environmental regulations impact the development and adoption of “EcoInsight”?

        	How can the project manager of EnviroTech utilize the company’s fictional history in data analytics and its vast database from diverse projects to facilitate the “EcoInsight” project?

        	Discuss the importance of understanding the internal and external environment for a global project like “EcoInsight.”

        	Given the company’s hypothetical strategic objectives and mission, how can the project ensure it caters to both global and regional environmental needs?

        	Considering EnviroTech’s multi-regional operations, what internal resource challenges might the project face, and how might they be addressed?

      

    

  

   

  
    
      Exercise 2: HealthCorp’s Digital Revolution

    

    
      Background: HealthCorp is a fictional healthcare startup established five years ago in a small city in the USA. HealthCorp has quickly made a name by seamlessly blending next-gen technology with healthcare. Its futuristic “NexaClinics” blends advanced AI diagnostics, virtual consultations, and personalized patient care.

      Vision: “Redefining healthcare for the digital age.”

      Mission: “To harness the power of technology in delivering fast, accurate, and personalized medical care.”

      
        Strategic Objectives:
      

      
        	Pioneer in AI-driven diagnostic tools and treatments.

        	Establish virtual consultations as a standard practice for non-critical ailments.

        	Collaborate with tech innovators and medical researchers to drive healthcare innovations.

        	Expand the network of “NexaClinics” across major cities worldwide.

        	Advocate for digital literacy in healthcare, ensuring patients and professionals are tech-savvy.

      

      
        Operational Landscape:
      

      
        	Virtual Consultations: HealthCorp’s virtual consultation platforms allow patients to connect with doctors from their homes. Preliminary diagnostics are performed using advanced AI even before a doctor reviews the case.

        	NexaClinics: Unlike traditional hospitals, NexaClinics are compact, tech-driven clinics in urban areas, providing quick and efficient medical care. They come equipped with AI-driven diagnostic tools, telemedicine pods, and a small team of medical professionals.

        	Digital Outreach: HealthCorp has developed a range of mobile apps and online platforms. These tools offer health tracking, virtual consultations, AI-driven preliminary diagnostics, and health education modules.

        	Global Expansion: After its success, HealthCorp is in the early stages of global expansion, targeting tech-savvy cities where the blend of technology and healthcare is welcomed.

      

      Scenario: HealthCorp’s rapid rise has caught the attention of global investors and healthcare professionals. The startup now faces the challenge of scaling its operations. The aim is to replicate the success of NexaClinics in other cities and expand its virtual consultation services globally. The leadership, led by a dynamic CEO, is keen on maintaining the quality and efficiency of services as they expand, ensuring that technology integration remains patient-centric.

      
        Questions:
      

      
        	Given HealthCorp’s rapid rise as a tech-driven healthcare startup, what challenges and benefits might they face as they scale their operations globally?

        	As HealthCorp aims to expand its virtual consultation services and NexaClinics, how can the leadership ensure that these technological solutions remain patient-centric and accessible to diverse patient groups?

        	The CEO of HealthCorp is keen to replicate the success of NexaClinics in other global tech hubs. What challenges might arise during this expansion, and how can they be addressed?

        	Considering HealthCorp’s mission of blending technology with healthcare, how crucial is it for project managers to balance technological innovation and traditional healthcare values?

        	With global expansion on the horizon, suggest strategies HealthCorp can implement to maintain the quality and efficiency of its services in different cultural and regulatory landscapes.

      

    

  

  




  
  





Chapter 4. Project Planning and the Project Scope




4.0 Learning Objectives and Overview


  
  
    
      Learning Objectives

    

    
      
        	Describe the importance and purpose of project planning.

        	Identify the basic processes and activities required in the planning phase.

        	Explain the main components of requirements elicitation.

        	List the main components of a project management plan.

        	Describe the process of developing a detailed description of the project.

        	Elaborate on the WBS (Work Breakdown Structure) to subdivide project deliverables and work into smaller, more manageable components.

        	Practice using Microsoft Project to create a WBS.

      

    

  

  
    4.0  
    Overview
  

  After the project charter is approved by the sponsor, the project manager is appointed as the primarily responsible authority to utilize the budget and resources, define the primary components of the project such as scope, cost, schedule, quality, and risks, manage, control and monitor project activities, and finally close the project. From now on, the project manager is ready to enter the second phase in the project management life cycle. This is called the planning phase, which directly follows the initiation phase. The planning phase involves creating a set of plans to help guide the team through the execution and closure as well as the monitoring and controlling that occurs throughout the project. The plans created during this phase help the project manager and the team manage triple (iron triangle) constraints, which are scope, schedule, and cost, and other constraints such as quality, resources, risks, and other related issues and knowledge areas (e.g., integration, procurement, stakeholders, communication). They also help the project manager lead the project team and work with external suppliers to ensure the project deliverables can be delivered on time, within budget, and with the desired functionality.

  




  
  





4.1 Project Planning


  
  Planning consists of the processes required to establish the project’s scope, refine the objectives, and define the course of action required to attain the project’s objectives to achieve[1]. Although most of the project effort (i.e., using the workforce and other resources) is spent during the execution phase after the planning phase, project managers and their teams face the most challenging tasks and perform many processes during the planning phase. The project planning phase is often the most challenging for a project manager, as the project manager is often required to make educated guesses about the team members, resources required for all the activities, and the schedule and budget needed to complete the project. In addition, the planning includes communications and procurement activities, as well as planning contracts with any third-party suppliers.

  Thorough and proper planning helps the team have a smoother execution process with a better prediction level. However, it is important to remember that predictability is low in many projects regarding scope (requirements and project activities), schedule, budget, and risks. This is why agile (adaptive) project management comes to the forefront. It started in the 1990s with software projects and extended to other fields of information systems over time. Other fields include, but are not limited to, new product development, high technology projects, and start-ups. Chapter 12, “Agile (Adaptive) Project Management,” discusses Agile project management.

  Project planning is at the heart of the project life cycle and tells everyone involved where the project is going and how the team will get there. It involves creating a set of plans to help guide the team through the implementation and closure phases of the project. The plans created during this phase help the project team manage time, cost, quality, changes, risk, and related issues. The purpose of the project planning phase is to:

  
    	Provide guidance and direction on how scope, schedule, cost, quality, resources, communications, risks, procurements, and stakeholders will be managed throughout the project[2],

    	Refine and elaborate on the SMART (Specific, Measurable, Achievable, Relevant, Time-based) objectives, establish the business, stakeholder, solution, and transition requirements, and translate them to project activities by defining the scope and creating WBS (Work Breakdown Structure),

    	Develop project schedule by defining and sequencing project activities and milestones, and by estimating activity durations.

    	Determine resources, identify risks based on the requirements and activities, and eventually estimate costs and determine project budget,

    	Identify the methods to track, review, and regulate the progress and performance of the project (e.g., EVM – Earned Value Management),

    	Communicate and collaborate with all stakeholders, obtain the sponsor’s and client’s approval, and proceed to the next phase, the implementation (execution) phase.

  

  Project managers identify the work to be done for the project in collaboration with the stakeholders, including the project sponsor, team members, relevant functional departments of our organization, end-users, customers, regulatory organizations, and government agencies – in short, all the stakeholders that are affected by or are affecting the overall project or at least one activity, decision or outcome. Once the project’s major components are known, the project manager can assign those in the team who will carry out the detailed planning of the project’s sub-components. The lowest level manageable activities are called “work packages” in predictive (waterfall) methodology. In the section below, we will discuss the Work Breakdown Structure (WBS), composed of work packages. In agile methods and frameworks, especially in Scrum, which is the most common agile framework utilized by organizations worldwide, “Sprints,” “timeboxes,” or “cycles” are used with compressed life cycle stages (see Chapter 12).

  The planning phase refines the project’s objectives in the Project Charter, which were identified at higher levels during the initiation phase. This phase also includes planning the steps necessary to meet those objectives by further identifying the specific activities and resources required to complete the project. Once the project objectives have been fully recognized, they must be clearly articulated, specifically developing each according to the SMART protocol. These objectives would lead to the identification and elaboration of product requirements in line with the project deliverables. Often, describing a project’s objectives using detailed, precise language allows us to better understand the project’s scope. This articulation serves as the basis for the development of requirements. This means that after an objective has been clearly articulated, it can be described in concrete (measurable) terms, and the steps to achieve it are easier to identify. If a poor job is done of articulating the objectives, the requirements will be misdirected, and the resulting project will not represent the true need.

  The planning phase generally involves three fundamental components: Identifying the scope, preparing the schedule, and estimating the costs. These triple constraints also serve as our baselines throughout the project to measure the project’s success. After these activities are complete, it is a good time to identify and try to deal with anything that might pose a threat or an opportunity to complete the project successfully. This is called risk management. In risk management, threats and opportunities are identified, and actions are taken to optimize the likelihood of project success (see Chapter 10). In the initiation phase, a preliminary list of project stakeholders was identified. During the planning phase, the list is reviewed to ensure it remains current and stakeholders continue to be prioritized. Stakeholder engagement is a critical success factor, and communication plays a key role in this engagement. Effective project leaders spend about 90% of their time on a project communicating with stakeholders[3]. An effective communication plan is one of the tools used to ensure stakeholders remain informed and supportive of the project’s objectives (see Chapter 5 and Chapter 6).

  Organizations sometimes need to obtain products and utilize services from outside the organization. Overseeing these transactions is known as procurement management. During the planning stage, procurement management involves identifying the type of vendors required and the selection criteria to be used. Finally, project managers ensure that the team understands the quality expectations of the stakeholders. To fulfill these expectations, a quality management plan is developed to identify quality targets, assurance, and control measures, along with an acceptance plan.

  Throughout all these project planning activities, the Project Manager’s job is to integrate the team’s planning efforts—a process known as integration management. Developing a project charter and a project management plan are two processes of seven processes carried out within the project integration management[4]. Project managers should ensure that all the necessary processes and activities are included to identify, define, combine, unify, and coordinate the various process and project management activities. They should manage the interdependencies among all the project management knowledge areas. Consequently, a comprehensive project plan should be created to ensure all the above management plans are cohesive and well-aligned.

  In this chapter, we will elaborate on developing a project scope management plan, including requirements management. Other subcomponents of the project management plan will be explained in their respective chapters (e.g., project communications management plan in Chapter 6; project schedule management plan in Chapter 8).
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4.2 Eliciting Requirements


  
  After all the deliverables are identified, the project manager must document all the requirements. While PMBOK Guide 6th Edition refers to this process as “Collect Requirements,” BABOK Guide v3 refers to elicitation[1]. Elicitation is more than just collecting. The BABOK Guide states, “It is the drawing forth or receiving of information from stakeholders or other sources. It is the main path to discovering requirements and design information and might involve talking with stakeholders directly, researching topics, experimenting, or simply being handed information.” BABOK Guide defines a requirement as a usable representation of a need. The nature of the representation may be a document (or set of documents) but can vary widely depending on the circumstances.

  The requirement is defined by the PMI Guide to Business Analysis as “a condition or capability that is required to be present in a product, service, or result to satisfy a contract or other formally imposed specification.” The responsibility for defining requirements should be assigned to resources that have sufficient business subject matter expertise and decision-making authority[2]. Project teams consist of business analysts who are involved in the elicitation of requirements. There may be other job titles that perform business analysis. These titles were enumerated by the BABOK Guide as business architect, business systems analyst, data analyst, enterprise analyst, management consultant, process analyst, product manager, product owner, requirements engineer, and systems analyst.

  A project manager must ensure that requirements are defined so that project activities can be determined and sequenced, and hence, a schedule and budget can be created. As the Business Analysis for Practitioners: A Practice Guide quoted, “inaccurate requirements gathering” was reported by 37% of organizations as a primary cause of project failure. Poor requirements management practices were identified as the second leading cause of project failure, second only to changing organizational priorities[3]. Therefore, project managers need to ensure that all the stakeholders have been identified so that requirements can be elicited thoroughly from all of them and all the expectations and concerns can be addressed.

  A requirement represents something that can be met by a product, service, or process and can address a need of the business, person, or group of people. A requirement should be independent of the design of the solution that addresses it. A requirement may explain a feature to be met by a product or software component. The project’s requirements, defined in the scope management plan, describe what a project is supposed to accomplish and how the project is supposed to be created and implemented. Requirements may include attributes such as dimensions, ease of use, color, and specific ingredients.

  When a specific requirement is under discussion, the term “requirement” is preceded by a qualifier such as stakeholder, business, or solution. The hierarchical relationship among requirements can be illustrated in Figure 4.2.1.

  
    
      [image: The image illustrates the hierarchical relationships between various types of requirements in a project or system:Business Needs: Represents the high-level objectives or problems that the organization aims to address. Business Requirements: Derived from business needs and define what the organization wants to achieve. Stakeholder Requirements: Specify the needs and expectations of stakeholders related to the business requirements. Solution Requirements: Derived from stakeholder requirements and split into two categories: Functional Requirements: Define what the solution must do. Non-Functional Requirements: Define the quality, performance, or constraints of the solution. Transition Requirements: Address the needs for moving from the current state to the desired future state, such as data migration or user training. This diagram emphasizes the flow from abstract business needs to detailed requirements, ensuring alignment at each level.]
      Figure 4.2.1: Relationships between Requirements
(Adapted from “Requirements Classification Schema” in “A Guide to the Business Analysis Body of Knowledge® – BABOK® guide”, version 3.0)

    

  

  
    As illustrated in Figure 4.2.1, business requirements are developed based on the business needs (problems or opportunities) that an organization is striving to find a solution to overcome the problem or exploit the opportunity. As discussed with examples in Chapter 2, objectives should be SMART (Specific, Measurable, Achievable, Relevant, Time-based). Project managers should also consider this SMART protocol when creating requirements, especially when discussing business requirements. Requirements must be measurable, testable, related to identified business needs or opportunities, and defined to a level of detail sufficient for system design. Moving down, as illustrated in Figure 4.1, means that requirements are determined in a hierarchy, starting from the business requirement at the top and elaborating on them with stakeholder requirements and solution requirements[4]. Besides these three requirement types, which are structured in a hierarchy, there is a fourth type called transition requirements.

    Business requirements are the needs of the internal or external client, always from a management perspective. They are the statements of goals, objectives, and outcomes that describe why a change has been initiated. They can apply to an enterprise, a business area, or a specific initiative[5]. Business requirements are statements of the business rationale for the project. They are usually expressed in broad outcomes, satisfying the business needs rather than specific functions the system must perform. These requirements grow out of the vision for the product that, in turn, is driven by mission (or business) goals and objectives. We can define our business requirements as below:

    
      	A mobile application shall be used by customers of our grocery stores.

      	Customers should access the mobile website and applications on their smartphones and tablets and complete the purchase.

    

    In our Project Charter example in Chapter 3, the high-level requirements were as follows. They can be considered either business requirements or stakeholder requirements.

    
      The mobile website and smartphone application shall:

      
        	Include all the functions that a desktop website possesses.

        	Be accessed with the same login username and password.

        	Synchronize the customer profile and the cart with the desktop website.

      

    

    In order to elicit the requirements, a team should dig deep by implementing various techniques such as interviews, surveys, focus group meetings, observations, and document analysis. In organizations, business analysts or other positions performing the tasks of a business analyst perform these techniques to ensure that they can address the need from the perspective of stakeholders (e.g., customers, end-users). Stakeholder requirements serve as a bridge between business and solution requirements. In our m-commerce project initiated by Grocery LLC, we can write some of the stakeholder requirements as below:

    
      
        
          Stakeholder Requirements
        

      

      
        Business Requirement: A mobile application shall be used by customers of our grocery stores.

        
          Stakeholder Requirements:
        

        
          	Customers shall log in to the application by using their usernames and passwords.

          	Customers shall also log in to the application through biometrics identification.

          	Customers shall use their usernames and passwords across all interfaces (mobile application, mobile website, and desktop website).

          	Customer profile information, including the name, shipping and billing addresses, and payment accounts, shall synchronize across all interfaces (mobile application, mobile website, and desktop website).

          	Customers shall browse the items of their choice after selecting the categories or typing in a search box.

        

      

    

    After stakeholder requirements are developed, solution requirements can be derived from these stakeholder requirements. They describe the capabilities and qualities of a solution that meets the stakeholder requirements[6]. Thus, they can provide appropriate details for developing and implementing the solution. These requirements are divided into two subcategories: functional and non-functional requirements.

    Functional requirements describe the characteristics of the final deliverable in ordinary non-technical language. They should be understandable to the customers, and the customers should play a direct role in their development. Functional requirements are what you want the deliverable to do. They describe the capabilities that a solution must have in terms of the behavior and information the solution will manage.

    
      
        
          Functional Solution Requirements
        

      

      
        Stakeholder Requirement: Customers shall log in to the application using their usernames and passwords.

        
          	Functional Solution Requirement: Customers shall receive a one-time password to their mobile phones as a text message or to their email addresses so that they can type this one-time password on the mobile application, or the mobile application can recognize the text message and automatically transfer it to the mobile application.

        

        Stakeholder Requirement: Customer profile information, including the name, shipping and billing addresses, and payment accounts, shall synchronize across all interfaces (mobile application, mobile website, and desktop website).

        
          	
            
              Functional Solution Requirements:
            
            
              	The profile page consists of the fields “First Name,” “Middle Name,” “Last Name,” “Gender,” “Street Address,” “Apartment/Suite Number,” “City,” “State,” “Zip Code,” “Mobile Phone Number,” “Other Phone Number,” “Debit/Credit Card Number,” “Debit/Credit Card Expiration Date,” and “Debit/Credit Card Security Code.”

              	When customers type new information or edit existing information in their profile pages on only one of the interfaces, this information will be updated immediately on other interfaces.

            

          

        

      

    

    Non-functional requirements or quality of service requirements do not relate directly to the behavior or functionality of the solution but rather describe conditions under which a solution must remain effective or qualities that a solution must have[7]. Some non-functional requirements, such as performance or usability, may be directly perceptible to end users on the mobile application. Others, such as security or compliance, are not typically visible but contribute to the application’s overall effectiveness and quality.

    Non-functional requirements specify the quality attributes, environmental conditions, or constraints the solution must satisfy to be effective. They do not describe the solution’s functionality but its qualities or performance. Examples include:

    
      	Performance: Response time, throughput, or processing speed.

      	Security: Measures to protect data and system integrity.

      	Usability: Accessibility, user interface design, or ease of use.

      	Reliability: Availability, fault tolerance, or disaster recovery.

      	Compliance: Adherence to legal, regulatory, or industry standards.

    

    Non-functional requirements define how well the solution performs or operates, emphasizing quality and operational characteristics.

    
      
        
          Non-functional Solution Requirements
        

      

      
        Stakeholder Requirement: Customers shall view the total price of the items they added to their cart and shall checkout by entering their addresses and payment information.

        
          	
            
              Non-Functional Solution Requirements:
            
            
              	The system shall ensure secure payment processing by encrypting all transaction data and preventing unauthorized access through robust security protocols.

              	The system shall provide a user-friendly checkout interface that allows customers to view their total price and complete the checkout process with a maximum of three clicks.

              	The system shall comply with Web Content Accessibility Guidelines (WCAG) 2.1 Level AA to ensure customers with disabilities can view their cart and complete the checkout process without barriers.

            

          

        

      

    

    The last requirement type is the transition requirement (Figure 4.1). These requirements describe the capabilities the solution must have and the conditions the solution must meet to facilitate the transition from the current state to the future state, but are not needed once the change is complete[8]. They describe temporary capabilities such as data conversion, training, and business continuity requirements. They are essential for the organizational readiness to make the project outcomes and deliverables operational. In our m-commerce project, some transition requirement examples can be outlined below:

    
      
        
          Transition Requirements
        

      

      
        Functional solution requirement: Customers shall be able to chat with and have a phone call with call center agents and customer service representatives when they need to contact due to any issues or demands related to the mobile application.

        Transition requirements: Before the mobile application becomes operational, it shall be ensured that:

        
          	Employees in call centers shall be trained to effectively find solutions to the customers’ requests through the mobile application.

          	Call centers shall be equipped with the necessary hardware and software tools to support customers who shop on the mobile application.

          	Call centers shall be supported via a stable and fast network connection.

          	The call center database shall be hosted in a cloud server with a backup option.

        

      

    

    The effective specification of requirements is one of the most challenging undertakings project managers face. Inadequately specified requirements will usually lead to poor project results.

    Documenting requirements is much more than just writing down the requirements as the user sees them; it should cover not only what decisions have been made but also why they have been made. Understanding the reasoning used to arrive at a decision is critical in avoiding repetition. For example, the fact that a particular feature has been excluded because it is simply not feasible needs to be recorded. If not, the project risks wasted work and repetition when a stakeholder requests the feature to be reinstated during development or testing.

    Once the project requirements are documented, the next step is for key stakeholders to sign off on the requirements to confirm that everyone is operating with the same set of expectations. While the project manager is responsible for documenting the requirements, it does not mean that the project manager performs this task. The project manager enlists the help of all the stakehold­ers (business analysts, requirement analysts, business process owners, customers, and other team members) to conduct the discussions, brainstorming, and interviews and to document and sign off the requirements. As with many aspects of project management, the project manager is responsible only for enabling the process and facilitating it. If the project manager feels the document’s quality is questionable, they must stop the development process.

    The project manager reviews the requirements, incorporates them into the project documentation library, and uses them as input for the project plan.
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4.3 Requirements Traceability Matrix


  
  The project team should link the requirements to the activities and deliverables that satisfy them during the project. The requirements traceability matrix is a common structure used by project teams. It also shows each requirement’s relationship to other requirements. Traceability is used to help ensure that the solution conforms to requirements and assists in scope, change, risk, time, cost, and communication management[1]. A formal traceability matrix is usually built hierarchically, starting with high-level requirements and filling in the details as the requirement is progressively elaborated. This hierarchy is similar to an outline filled in as more detail is known[2].

  This matrix can include the information regarding:

  
    	Requirement ID 	A unique identifier



    	Associate ID 	A unique identifier for requirements associated with higher-level requirements



    	Requirement category

    	Requirement description 	A textual description of the requirement



    	Current status 	E.g., active, canceled, deferred, added, approved, assigned, completed.



    	Status date

    	Business needs, goals, and objectives 	To address the rationale for inclusion



    	Project objectives 	To address the rationale for inclusion



    	WBS number 	The relationship of the requirement with project activities and milestones



    	Design ID 	The relationship of the requirement with the design elements



    	Build ID 	The relationship of the requirement with the implementation of a specific feature



    	Test strategy and test scenarios (e.g., technical/system case tests, user/acceptance case tests) 	Test cases that will validate that the built features perform as required by the requirements.



  

  Let’s create a small version of the requirements traceability matrix for Grocery LLC’s m-commerce project.

  
    	ID (1): Customers shall log in to the application using their usernames and passwords.

    	ID (2): Customer profile information, including the name, shipping and billing addresses, and payment accounts, shall synchronize across all interfaces (mobile application, mobile website, and desktop website).

  

  
    Table 4.1: Requirements Traceability Matrix 	ID 	Associate ID 	Requirements Description 	Current Status 	WBS 	Design ID 	Build ID 	Test case 
 	1 	1.1 	Customers shall receive a one-time password to their mobile phones. 	Active 	2.2 3.2
 	D3 D6
 	B3 B8
 	Case 2 
 	1.2 	Customers shall be able to sign in to the mobile application by swiping their fingerprints on their smartphones. 	Active 	2.2 3.2
 	D3 D6
 	B3 	Case 3 
 	2 	2.1 	The profile page consists of the fields “First Name”, “Middle Name,” “Last Name,” “Gender,” “Street Address,” “Apartment/Suite Number,” “City,” “State,” “Zip Code,” “Mobile Phone Number,” “Other Phone Number,” “Debit/Credit Card Number,” “Debit/Credit Card Expiration Date,” and “Debit/Credit Card Security Code.” 	Active 	2.2 4.4
 5.2
 	D2 	B2 	Case 6 
 	2.2 	When customers type new information or edit existing information in their profile pages on only one of the interfaces, this information will be updated immediately on other interfaces. 	Active 	2.2 4.4
 5.2
 	D2 D9
 	B2 	Case 7 
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4.4 Project Scope Management


  
  Before starting to implement any project activities, the project team needs to know exactly what work has to be done. Therefore, the team must first plan to provide guidance and direction on how the scope will be managed throughout the project[1]. In this very beginning process, the project team creates a scope management plan that documents how the project and product scope will be defined, validated, and controlled. Project managers should coordinate the responsibilities of each team member. In order to do so, they should know exactly what they’re going to do to meet the project’s objectives. Therefore, the scope planning process is the very first thing to be done. Project scope planning is concerned with defining all the work needed to meet the project objectives successfully. Project managers and teams should have a clear picture of all the work that needs to happen on their projects, and as the project progresses, they should ensure that the scope is up to date.

  
    4.4.1  
    Defining the Scope
  

  We already have a head start on refining the project’s objectives in quantifiable terms. Still, we need to plan further and write down all the intermediate and final deliverables we will produce over the course of the project. Deliverables include everything we produce for the project (i.e., anything the project will deliver). The deliverables for the project include all of the products or services we are performing for the internal or external clients and/or the end-users and customers. They include every intermediate document, plan, schedule, budget, blueprint, and anything else that will be made along the way, including all of the project management documents that are put together. Project deliverables are tangible outcomes, measurable results, or specific items that must be produced to consider either the project or the project phase completed. Intermediate deliverables, like the objectives, must be specific and verifiable.

  All deliverables must be described in sufficient detail so that they can be differentiated from related deliverables. For example:

  
    	A twin-engine plane versus a single-engine plane

    	A red marker versus a green marker

    	A daily report versus a weekly report

    	A departmental solution versus an enterprise solution

  

  In our case of the m-commerce project carried out by Grocery LLC, there are two main deliverables which are:

  
    	A mobile application that can be installed on Android and IOS smartphones.

    	A mobile website optimized for Android and IOS smartphones.

  

  We should also define what is not included in the project’s scope. The m-commerce project doesn’t directly target tablets since their screen size would allow them to display the regular desktop website. Besides, the smartphone application can be used on tablets. Besides, smartphones with operating systems other than Android and IOS are excluded.

  One of the project manager’s primary functions is to document the project deliverables accurately and then manage the project to produce them according to the agreed-on criteria. Deliverables are the output of each development phase, described as quantifiable to assure measurability. In our case study, project objectives have been provided to ensure measurability:

  
    	To redesign the website in 2 months so it’s more responsive and easier for the customers to place orders on their smartphones.

    	To create a new mobile application in 2 months that can work in both operating systems (Android and IOS).

  

  Defining scope generates a “Project Scope Statement”[2]. It describes the project scope, major deliverables, assumptions, and constraints. The project charter contains high-level information, while the project scope statement contains a detailed description of the scope components. The project scope statement documents the entire scope, including project and product scope. Project Scope Statement comprises the components outlined below[3]. Readers should always keep in mind that they should create a long and detailed statement when they work as a project manager or a team member on a project in their organizations.

  
    	
      
        Product scope description
      
    

  

  The mobile application and the mobile website will have the same functions that allow online customers to conveniently do their shopping by browsing, searching, and locating the items they want to purchase, adding them to the cart, specifying the number and weight of the items, choosing the delivery and shipping options, checking out via their payment option, and tracking the items they ordered. The mobile application will work on smartphones with Android and IOS. Customers will use the same username and password they use to access the desktop version. If they leave the application or the website, the items in their cart will not be removed and synchronized with all the interfaces (mobile application, mobile website, and desktop website). If an item’s price changes or this item is sold out, they will be notified of this when they access their carts.

  
    	
      
        Deliverables
      
    

  

  
    	A mobile application

    	Optimized mobile website

  

  
    	
      
        Acceptance criteria
      
    

  

  The mobile website and the smartphone app will first be subject to alpha testing. Then, beta testing will follow, where customers can install the beta version on their smartphones and do their online shopping. During the implementation of the beta version, all the feedback from customers and their mobile devices will be evaluated, and the bugs and problems will be corrected. When the mobile website and the app are fully functional, customers should log in with their usernames and passwords, browse items, add them to their carts, proceed to checkout, and complete their payment.

  The sponsor must approve the sign-off after they receive the inspection and acceptance report.

  
    	
      
        Project exclusions
      
    

  

  
    	This project doesn’t directly target tablets since their screen size would allow them to display the regular desktop website. Besides, the smartphone application can be used on tablets.

    	Smartphones with operating systems other than Android and IOS are excluded.

  

  
    4.4.2  
    Work Breakdown Structure (WBS)
  

  After defining deliverables and requirements and creating a Project Scope Statement, the next step would be to create a Work Breakdown Structure (WBS) that defines all the activities required to complete the project. The WBS defines the project’s scope and breaks the work into components that can be scheduled, estimated, and easily monitored and controlled. The idea behind the WBS is simple: dividing a complicated task into smaller tasks until we reach a level that cannot be further subdivided. We stop breaking down the work when we reach a low enough level to perform an estimate of the desired accuracy. At that point, it is usually easier to estimate how long the small task will take and how much it will cost to perform than it would have been to estimate these factors at the higher levels. Each descending level of the WBS represents a more detailed definition of the project work. A WBS also provides the necessary framework for detailed cost estimating and control, along with guiding schedule development and control.

  The purpose of developing a WBS is to allow easier management of each component, accurate estimation of time, cost, and resource requirements, easier assignment of human resources, and easier assignment of responsibility for activities.

  WBS is a hierarchical decomposition of the project into phases, deliverables, and work packages. It is a tree structure showing a subdivision of effort required to achieve an objective. In a project, the WBS is developed by starting with the end objective and successively subdividing it into manageable components in terms of size, duration, and responsibility, which includes all steps necessary to achieve the objective. An example of this hierarchical decomposition can be starting from the highest level, which is the project, and moving downwards along the systems, subsystems, components, tasks, and subtasks, and stopping when we arrive at the lowest level, which is the work packages.

  The WBS creation involves:

  
    	Listing all the project outputs (deliverables and other direct results)

    	Identifying all the activities required to deliver the outputs

    	Subdividing these activities into subactivities and tasks

    	Identifying the deliverable and milestone(s) of each task

    	Considering the usage of all the resources (personnel and material) required to complete each task

  

  WBS formatting can be made through various approaches, such as the top-down approach, organization-specific guidelines, and WBS templates[4]. The WBS can be developed differently to represent the second level after the highest level, the project. The second level can represent the phases of the project life cycle or major deliverables. Below is a WBS with major deliverables at the second level.

  
    
      0 Project Name
    
  

  
    1 Major Deliverable
  

  1.1 Sub Deliverable

  1.2 Sub Deliverable

  1.3 Sub Deliverable

  
    2 Major Deliverable
  

  2.1 Sub Deliverable

  2.1.1 Work Package

  2.1.2 Work Package

  2.1.3 Work Package

  2.1.4 Work Package

  2.2 Sub Deliverable

  2.3 Sub Deliverable

  
    3 Major Deliverable
  

  3.1 Sub Deliverable

  3.1.1 Work Package

  3.1.2 Work Package

  3.1.3 Work Package

  3.2 Sub Deliverable

  3.2.1 Work Package

  3.2.2 Work Package

  3.3 Sub Deliverable

  Based on the Project Charter we developed in Chapter 3, as well as the requirements and the scope detailed in this chapter for Grocery LLC’s M-Commerce Project, we can create a WBS for the mobile application as below[5]. Optimization of the mobile website is not included in this WBS. Unlike the generic WBS above, developed based on the major deliverables and sub-deliverables, the WBS below displays the project phases in the second level (e.g., scope, analysis/application requirements, deployment). This WBS has three levels, including the highest level, which is the project itself. In Chapter 7 “Scheduling”, we will have an exercise regarding the fourth level for “1.3 Preparation of Project Charter” in the “Defining Activities” section. Although some WBS components, such as “1.6 Initiation stage complete” and “2.7 Analysis Complete,” are in the Activities column, they are milestones with zero duration.

  
    
      
        WBS of Grocery LLC’s M-Commerce Project
      

    

    
      
        0. Mobile App and Website Development Project
      

      
        1. Project Initiation
      

      
        	1.1 Define project purpose and scope

        	1.2 Secure project sponsorship

        	1.3 Identify stakeholders

        	1.4 Develop the project charter

        	1.5 Approval of the project charter

        	1.6 Identify and secure core resources (team, tools)

        	1.7 Conduct project kick-off meeting

        	1.8 Completion of the initiation

      

      
        2. Requirements Analysis
      

      
        	2.1 Conduct stakeholder needs analysis

        	2.2 Identify functional and non-functional requirements

        	2.3 Outline data synchronization and security requirements

        	2.4 Specify user account and cart synchronization features

        	2.5 Draft initial budget and timeline

        	2.6 Obtain stakeholder approval on requirements and timeline

      

      
        3. System Design
      

      
        	3.1 Develop UI/UX design specifications (mobile app and website) 	3.1.1 Create wireframes and design mockups
	3.1.2 Ensure seamless browsing, searching, and cart management



        	3.2 Design functional components (payment, notifications)

        	3.3 Develop data synchronization architecture (across mobile app and website)

        	3.4 Obtain approval on design and architecture

      

      
        4. Development
      

      
        	4.1 Setup development environment

        	4.2 Develop mobile application (iOS & Android) functionalities 	4.2.1 Shopping and cart management features
	4.2.2 Payment gateway integration
	4.2.3 Delivery and shipping options



        	4.3 Develop optimized mobile website functionalities

        	4.4 Synchronize user accounts and cart across all interfaces

        	4.5 Perform unit testing on individual components

      

      
        5. Testing
      

      
        	5.1 Develop a comprehensive test plan and test cases

        	5.2 Conduct alpha testing (internal testing)

        	5.3 Beta testing with selected customers 	5.3.1 Gather and analyze customer feedback
	5.3.2 Fix bugs and optimize performance



        	5.4 Conduct performance, stress, and regression testing

        	5.5 Validate synchronization across mobile app, mobile website, and desktop website

      

      
        6. Training
      

      
        	6.1 Develop training materials for end-users and helpdesk staff 	6.1.1 User tutorials (account creation, browsing, checkout)
	6.1.2 Helpdesk troubleshooting guides



        	6.2 Conduct training sessions for support staff

      

      
        7. Documentation
      

      
        	7.1 Develop system help documentation and FAQs

        	7.2 Create user manuals for mobile app and website

        	7.3 Review and revise documentation based on feedback

      

      
        8. Pilot Deployment
      

      
        	8.1 Identify the pilot user group for the mobile app and website

        	8.2 Deploy a pilot version of the app and website

        	8.3 Collect pilot user feedback and evaluate results

        	8.4 Make final updates based on pilot findings

      

      
        9. Full Deployment
      

      
        	9.1 Confirm deployment readiness

        	9.2 Submit and get approval from Android and Apple stores

        	9.3 Deploy mobile app and website to live environments

        	9.4 Ensure cross-platform synchronization

        	9.5 Announce deployment to all stakeholders

      

      
        10. Project Close-out
      

      
        	10.1 Collect and document lessons learned

        	10.2 Archive all project documents

        	10.3 Set up ongoing maintenance and support team

        	10.4 Finalize and close out project with stakeholders
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4.5 Microsoft Project Tutorial


  
  Microsoft Project is one of the most common software tools in project management worldwide. In this book, we use Project Professional 2019. The tutorials in this book apply to all the recent versions of Microsoft Project.

  When you open MS Project for the first time, you can open a “Blank Project” or select a template (Figure 4.5.1).

  
    [image: Figure 4.3: MS Project “New” Window]
    Figure 4.5.1: MS Project “New” Window

  

  When you select “Blank Project,” the project page will open with a ribbon that includes tabs (in the same format we have on Microsoft Office programs such as Word, Excel, and PowerPoint) (Figure 4.5.2). While the default view is “Gantt with Timeline,” we changed it from “Options” to “Gantt Chart” view. Therefore, Figure 4.4 doesn’t display the timeline. In Figure 4.5.3, under Project View, the default view is set as Gantt with Timeline.

  
    [image: Figure 4.4: Blank Project (Gantt Chart with Timeline)]
    Figure 4.5.2: Blank Project (Gantt Chart with Timeline)

  

   

  
    [image: Figure 4.5: Project Options – General tab]
    Figure 4.5.3: Project Options – General tab

  

  We will use “Gantt with Timeline” as our default view in this chapter’s tutorial and the following chapters. Besides, we are not changing the schedule options. This means we are not working on the weekends, and our durations are automatically labeled “days.” However, we can type another unit such as a week (wk or wks) or month (mon or mons) (Figure 4.5.4).

  
    [image: Figure 4.6: Project Options – Schedule tab]
    Figure 4.5.4: Project Options – Schedule tab

  

  Under the “Format” tab, we should check “Project Summary Task” first. Therefore, the total duration of our project can be automatically calculated by MS Project. The row number becomes zero for the project summary task (Figure 4.5.5). If we insert a column titled “WBS,” the system also gives zero to this task. MS Project doesn’t use the name “Activity” but “Task.”

  
    [image: Figure 4.7: Project Summary Task]
    Figure 4.5.5: Project Summary Task

  

  For this MS Project tutorial, we will use letters and numbers for the activities. A is the project, and the highest level is 1. The lowest level in our WBS is the third level (Table 4.5.1).

  Table 4.5.1: Activities 	WBS Level 	Activity  
 	1 	A 
 	2 	a1 
 	2 	a2 
 	3 	a21 
 	3 	a22 
 	1 	B 
 	2 	b1 
 	3 	b11 
 	3 	b12 
 	1 	b2 
  

  After we type all the activities, we can select a1 and a2, and indent them as both are under A (Figure 4.5.6). WBS numbers are given automatically by MS Project when we indent and outdent. After we indent a1 and a2, these two activities can be subtasks of A, which could be considered a phase or major deliverable.

  
    [image: Figure 4.8: Indenting tasks “a1” and “a2”]
    Figure 4.5.6: Indenting tasks “a1” and “a2”

  

  For a21 and a22 at the third level, we should click the “Indent Task” icon twice, as they are under a2 at the second level. Figure 4.5.7 displays the WBS numbers after all the activities have been indented.

  
    [image: Figure 4.9: Indenting all the tasks at second and third WBS levels]
    Figure 4.5.7: Indenting all the tasks at the second and third WBS levels

  

  As can be seen in Figure 4.5.7, WBS numbers changed automatically when we indented the tasks. This tutorial served as an introduction to Microsoft Project and only discussed how a WBS can be created. Therefore, we have not typed the durations and predecessors. We will cover them in Chapter 7, “Scheduling”.

  




  
  





4.6 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	The project planning phase is often the most challenging for a project manager, as the project manager is often required to make educated guesses about the team members, resources required for all the activities, and the schedule and budget needed to complete the project.

        	Thorough and proper planning helps project managers and teams have a smoother execution process with a better prediction level and a higher probability of project success. Developing a project management plan involves creating a set of plans to help guide the team through the implementation and closure phases of the project.

        	Project managers identify the work to be done for the project in collaboration with the stakeholders, including the project sponsor, team members, relevant functional departments of our organization, end-users, customers, regulatory organizations, and government agencies.

        	A project manager must ensure that requirements are defined so that project activities can be determined and sequenced, and hence, a schedule and budget can be created.

        	A requirement represents something that can be met by a product, service, or process and can address a need of the business, person, or group of people. Business requirements are developed based on the business needs (problems or opportunities) an organization is striving to find a solution to overcome the problem or exploit the opportunity.

        	Requirements can be categorized as business, stakeholder, solution, and transition.

        	To elicit the requirements, a team should dig deep by implementing various techniques such as interviews, surveys, focus group meetings, observations, and document analysis.

        	The requirements traceability matrix links the requirements to the activities and deliverables that satisfy them during the project.

        	Planning starts with developing a scope management plan documenting how the project and product scope will be defined, validated, and controlled.

        	The project scope statement describes the project scope, major deliverables, assumptions, constraints, acceptance criteria, and project exclusions (what the scope doesn’t include).

        	The WBS (Work Breakdown Structure) breaks the project scope into components that can be scheduled, estimated, and easily monitored and controlled. The lowest level of a WBS is called a work package.

      

    

  

   

  




  
  





4.7 Multiple-Choice Questions


  
  There are 15 questions for this chapter.  You will get immediate feedback as you submit each answer and be taken to the next question.

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=123

  

  

  




  
  





4.8 Exercises


  
   

  
    
      Exercise 1: MetroLink City Transit System Development

    

    
      Background: MetroLink, a fictitious city’s transit authority, plans to develop a new transit system to connect the city’s suburbs to the downtown area. They’ve identified the need for a new metro rail line and an improved bus transit system. The project is expected to span 5 years. The project manager developed an action plan to carry out in the initiation and planning stages as follows:

      
        Project Planning and Requirements:
      

      
        	Surveys in the suburbs should be conducted to understand the transit needs of residents.

        	Environmental agencies should be engaged in identifying potential challenges.

        	Public forums should be held to collect feedback and suggestions.

      

      
        Requirements Traceability Matrix:
      

      
        	The requirements from the surveys should be linked to specific features of the metro rail line and bus system.

        	Feedback from the public forums should be mapped to design elements of the stations and bus terminals.

        	The team should ensure all requirements are mapped to specific deliverables in the project.

      

      
        Project Scope Management:
      

      
        	Clear boundaries should be defined for the project: Which suburbs will be connected, the number of stations, the features in each station, etc.

        	The team should ensure all stakeholders understand and agree on the project’s boundaries and deliverables.

      

      
        Questions:
      

      
        	Describe the importance of eliciting requirements in the early stages of the MetroLink project and the methods that can be used.

        	How would a Requirements Traceability Matrix benefit the MetroLink project?

        	Discuss potential challenges in defining the scope of the MetroLink project and how they can be managed.

        	Given the feedback from public forums, how can MetroLink ensure these requirements are incorporated into the project’s deliverables?

        	Considering the broad range of stakeholders (residents, environmental agencies, businesses), how should MetroLink prioritize requirements?

      

    

  

   

  
    
      Exercise 2: GreenLeaf Park Revitalization

    

    
      Background: GreenLeaf Park, a once-popular spot in a fictitious city, is being revitalized. The city council has a vision of making it a sustainable, eco-friendly park and needs to plan meticulously.

      Business Requirements: These are high-level needs that the organization aims to meet by undertaking the project.

      
        	Enhance the city’s green spaces and promote sustainability.

        	Increase tourism and local visits, which can boost the local economy.

        	Position the city as an environmental leader in the region.

      

      Stakeholder Requirements: These are the needs and conditions expressed by stakeholders.

      
        	Local communities want safe playgrounds for children.

        	Environmentalists are pushing for water conservation features and native plant gardens.

        	Local businesses are hoping for spots within the park to set up kiosks or stalls.

      

      Solution Requirements: These are the details of the features and functionalities the project will deliver.

      
        	Functional: Installing solar-powered lights, creating botanical gardens, and setting up eco-friendly water fountains.

        	Non-functional: Ensuring the park’s digital app is user-friendly, and guaranteeing park infrastructure is durable, sustainable, and eco-friendly.

      

      Transition Requirements: Details describing capabilities needed to transition from the current state to the desired future state.

      
        	Training for park staff on new digital tools and sustainability practices.

        	Public awareness campaigns about new park features and rules.

        	Temporary relocation plans for flora and fauna during construction.

      

      
        Project Planning and Requirements:
      

      
        	Engage with local communities to understand their needs and desires for the park.

        	Collaborate with environmentalists to get insights into sustainable park designs and features.

        	Document all requirements meticulously, ensuring clarity and specificity.

      

      
        Questions:
      

      
        	Based on the business requirements, how can the GreenLeaf Park revitalization benefit the larger community and the city’s reputation?

        	Identify and discuss potential stakeholder requirements from local communities, environmentalists, and businesses.

        	How do solution requirements ensure the park’s revitalization aligns with its sustainable, eco-friendly vision?

        	Describe the importance of transition requirements in the GreenLeaf Park project and provide examples.

        	Differentiate between business, stakeholder, solution, and transition requirements using examples from the GreenLeaf Park revitalization project.

      

    

  

  




  
  





Chapter 5. Stakeholder Management




5.0 Learning Objectives and Overview


  
  
    
      Learning Objectives

    

    
      
        	Describe the process of identifying stakeholders in a project and creating a stakeholder register.

        	Explain how stakeholders are managed to meet their needs and expectations, address issues, and foster appropriate stakeholder engagement and involvement.

        	List the conditions when project managers need to update the stakeholder engagement plan.

      

    

  

  
    5.0  
    Overview
  

  A project is successful when it achieves its objectives and meets or exceeds the expectations of the stakeholders: individuals, groups, teams, businesses, corporations, communities, government organizations, or non-governmental organizations who either care about or have a vested interest in a project. They may affect the whole project, its outcomes, some activities, or even only a decision, an activity, or an outcome of the project negatively or positively. Stakeholders may be actively involved with project activities or have something to either gain or lose due to the project. Project managers and their teams spent most of their time communicating and collaborating with the stakeholders. Indeed, project managers themselves spent 90% of their time communicating[1]. This chapter discusses stakeholder management and how project managers should pay attention while communicating with the stakeholders, including their key stakeholders such as project team members, sponsors, internal or external clients, customers, end-users, and regulatory and government agencies.
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5.1 Identifying Stakeholders and Managing Their Expectations


  
  A project starts with two processes – developing the project charter and identifying stakeholders[1]. Triple constraints (scope, schedule, cost) and stakeholders constitute the main pillars of a project. If stakeholders are not identified properly, the project and its outcomes cannot address all their expectations and concerns. Incomplete elicitation of the requirements from stakeholders might leave some key requirements out of the equation, putting the project and its outcomes in danger.

  Stakeholders are those who have a positive or negative influence on the project or who are or might be positively or negatively affected by the project or its activities, decisions, and outcomes. Stakeholders can be anyone including, but not limited to, individuals, groups, teams, businesses, corporations, communities, government agencies, not-for-profit organizations, international bodies, and non-governmental organizations. They may affect the whole project, or only one or some of the decisions or activities, or the project’s outcomes negatively or positively. Stakeholders may be involved actively or passively in the project or its activities and decisions. When you manage a project to add lanes to a highway, motorists are stakeholders who are positively affected by the outcome of this project.

  In contrast, they may be affected negatively during the construction due to the closed roads and detours. However, your project may negatively affect residents who live near the highway during your project (with construction noise) and after your project with far-reaching implications (increased traffic noise and pollution). Stakeholders can be inside the implementing or client organization (e.g., subcontractors who undertake the construction work of additional lanes) or outside (e.g., motorists and residents).

  Internal stakeholders which are inside the organization, but not limited to, are:

  
    	Project sponsor

    	Project manager

    	Project team members

    	PMO (Project Management Office)

    	Program manager

    	Project/Portfolio steering committee

    	Board of trustees

    	Company owners/founders

    	Top management (e.g., C-level executives)

    	Project managers of other projects in the organization

    	Functional departments/units in the organization, their managers, and all employees (e.g., research & development, finance, accounting, human resources, sales, marketing, manufacturing)

    	End users in functional departments, regional offices, and international offices of the organization

    	Regional offices/branches of the organization

    	International offices/branches of the organization

  

  External stakeholders which are outside the organization, but not limited to, are:

  
    	Customers

    	End users outside the organization

    	Suppliers

    	Contractors and subcontractors

    	Shareholders

    	Regulatory bodies

    	Government agencies (e.g., federal, state, local, county)

    	Current and potential competitors

  

  Often there is more than one major stakeholder in the project. An increase in the number of stakeholders adds more pressure to the project and influences the project’s complexity level. The business or emotional investment of the stakeholder in the project and the ability of the stakeholder to influence the project outcomes or execution approach also impact the stakeholder complexity of the project. In addition to the number of stakeholders and their level of investment, the degree to which the project stakeholders agree or disagree also influences the project’s complexity and outcomes.

  While identifying stakeholders, in the initiation stage of a project, a project charter generally consists of key stakeholders whose power or interest levels are high. Key stakeholders can make or break the success of a project. Even if all the deliverables are met, and the objectives are satisfied, nobody’s happy if your key stakeholders aren’t happy. This is why all the key stakeholders must be identified before proceeding with the preparation of the project management plan. However, identifying the stakeholders is not finished in the initiation stage. Still, it is an ongoing process through which project managers should regularly review and analyze their interests, involvement, interdependencies, influences, and potential impact on project success during the project life cycle[2]. Data representation techniques such as stakeholder power/interest grid/matrix help review where stakeholders are positioned based on the criteria used and be prepared and implement strategies to manage stakeholders. In the following subsection, we will discuss one of the common data representation techniques, power/interest grid (matrix) based on a scenario.

  There are many project obstacles, including the lack of stakeholder support. Whether the stakeholders support our project or not, we must secure their support if they are important to the project. How do you know that? First, we must identify who our stakeholders are. Just because they are important in the organization does not necessarily mean they are important to our project. Just because they think they are important does not mean they are. Just because they don’t think they need to be involved does not mean they do not have to be. The typical suspects that we should consider would be our top managers, relevant departments’ managers, supervisors or key employees, the project sponsor (champion), our internal or external client, subject matter experts (SMEs) we need to consult, and the selection or steering committee reviewing and approving our project. In some situations, some think they are stakeholders in our project. Even though they aren’t, as they perceive that they are affected by the project and its activities and decisions, we should consider them stakeholders. From our perspective, they may not be, but we should be careful while handling them. They could be influential with those who have the power to impact our project. We shouldn’t dismiss them out of hand.
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5.2 Stakeholder Analysis


  
  After the initial assessment has been completed, stakeholder prioritization can occur. A power/interest grid would be a very helpful tool for prioritization (Figure 5.2.1). It helps project managers categorize stakeholders and create effective communication strategies for each category of stakeholder on the project. This tool is one of the most common techniques utilized to group stakeholders according to their level of authority (power) and their level of concern about the project’s activities and outcomes (interest)[1]. Other techniques besides the power/interest grid can be used, such as the power/influence grid, impact/influence grid, stakeholder cube, and salience model. In this book, we will not cover these techniques.

  5.2.1 Stakeholder Power/Interest Grid

  The stakeholder power/interest grid is a two-dimensional matrix with four quadrants. Power refers to the authority of stakeholders through which they can affect the course of activities and decisions and may block, facilitate, or accelerate them. Interest refers to stakeholders’ concern about the project’s activities and outcomes and how they are negatively or positively affected. While carrying out the activities to identify stakeholders, we should conduct our research and investigation thoroughly to determine and prioritize the stakeholders. Some stakeholders would have more power and interest in our project. Therefore, we should identify them and create a strategy to engage them during the project. These strategies have been indicated in Figure 5.2.1 for each quadrant based on the level of power and interest.

  
    
      [image: Figure 5.2.1 shows four quadrants of a stakeholder matrix. The horizontal axis has the interest level (low and high). The vertical axis has the power level (high and low).]
      Figure 5.2.1. Stakeholder Matrix: Power/Interest Grid and the Strategies to Deal with the Stakeholders

    

    
      Properties of each quadrant with the potential stakeholder inside them have been described below:

      
        	High Power – High Interest: These stakeholders are decision-makers and have the biggest impact on the project’s success. Therefore, we must closely manage their expectations[2]. We should work closely with them to ensure that they agree with and support the change[3]. The project sponsor, project manager, and the team can be included in this quadrant.

        	High Power – Low Interest: These stakeholders need to be kept satisfied even though they aren’t interested because they yield power. This type of stakeholder should also be dealt with cautiously since they may use their power in a way that is not desired in the project if they become unsatisfied. Government and regulatory agencies that inspect the quality of your work in compliance with legal provisions and standards can be included in this quadrant.

        	Low Power – High interest: We should keep these stakeholders adequately informed and talk to them to ensure no major issues arise. They are likely to be very concerned and may feel anxious about a lack of control. They can often be very helpful with the details of your project. This quadrant can include our customers or end-users willing to purchase the project’s outcome (e.g., a product or a service).

        	Low power – Low interest: We should monitor these stakeholders but not bore them with excessive communication. The public and the customers who are not willing to purchase our products can be included in this quadrant. We can send them newsletters once every month, but not every week. We should monitor their interest and power level in case they change.

      

      When considering a stakeholder’s interest, we should assess the following:

      
        	How is their performance evaluated?

        	Will their performance be impacted by the project and/or its outcomes?

        	Are they needed to help produce the project’s outcomes?

      

      When considering a stakeholder’s power, we should assess the following:

      
        	What position do they currently hold in our organization or their organizations?

        	How much authority does this position afford them over the project?

        	Can they influence people in positions of high power?

      

      Tools such as stakeholder power/interest grid help project managers prioritize stakeholders. Some stakeholders have little interest and little power in a project and, as a result, do not require as much contact from the project team. Understanding who these stakeholders are allows the project team to spend more time with the stakeholders with a significant interest in the project and exert significant influence. Project teams assess the interest and power of project stakeholders by researching their current positions and actions in previous change initiatives and by directly speaking with them about the project.

      Below, let’s consider a fictitious example of a vehicle rental company to elaborate on the stakeholder power/interest grid.

      
        
          
            A Vehicle Rental Company’s Project for its Booking System
          

        

        
          Our car rental company, Best Rental Company Worldwide (BRCW), has a serious problem. Our booking system crashes frequently. Employees in relevant departments, branches, and the call center cannot process the information properly. Besides, there are significant errors in scheduling and pricing. At the same time, individual and corporate customers rent vehicles on the company’s website and when they reach the call center to book a vehicle. The company’s IT director, CTO (Chief Technology Officer), asked us to initiate a project to address and solve the problems. First, we should create a business case to investigate the problem thoroughly. We should figure out the underlying reasons. To dig into the reasons, we should first identify the stakeholders we should consult to learn their experience with the current system and their concerns and expectations. Our team targets to develop a new booking module in the ERP system, a website, and a mobile application our customers will access and use to book vehicles. We identified the stakeholders as follows:

          
            	Project manager

            	Project team members

            	Project sponsor: IT Director – Chief Technology Officer (CTO)

            	Steering Committee (composed of car rental company managers)

            	IT Department

            	HR Department

            	Sales Department

            	Marketing Department

            	Maintenance / Repair Department

            	Call Center and its managers and employees

            	Branches across the USA (and their managers and employees)

            	Branches outside the USA

            	Individual Customers

            	Organizational Customers (Corporations that rent vehicles based on a contract with BRCW)

            	Insurance companies

            	Travel agencies (including e-commerce agencies such as Expedia)

            	Vehicle manufacturers

            	Suppliers of vehicle spare parts and consumables for offices at the central units and branches

            	Government agencies (e.g., Department of Transportation, US Environmental Protection Agency)

            	Google Play Store (for Android phones and tablets) and App Store (for Apple phones and tablets)

            	Not-for-profit organizations (e.g., associations that were established to reduce carbon emissions)

          

        

      

      The project sponsor, project manager, project team members, steering committee, IT, sales, marketing, and maintenance/repair departments, call center, and branches across the USA are our internal stakeholders inside our company, BRCW. Although including the manager and team members may look counterintuitive, they are also stakeholders. Indeed, they are the most important stakeholders who strongly impact project activities, milestones, decisions, deliverables, outcomes, and the overall project.

      
        
          [image: The image depicts a Stakeholder Power-Interest Matrix, a tool used in project management to categorize stakeholders based on their level of power and interest in the project. It is divided into four quadrants:Keep Satisfied (High Power, Low Interest): Stakeholders with significant power but low interest. They should be kept satisfied to ensure their support. Examples: Google Play Store, App Store. Manage Closely (High Power, High Interest): Key stakeholders who have both high power and high interest in the project. They require active engagement and close management. Examples: Project Manager, Project Team Members, Project Sponsor, Steering Committee, IT Department, Representative of internal customers. Monitor with Minimum Effort (Low Power, Low Interest): Stakeholders with minimal power and interest. They require limited attention. Examples: Government agencies, Not-for-profit organizations, Occasional individual customers, Suppliers. Keep Informed (Low Power, High Interest): Stakeholders with high interest but limited power. They should be kept informed to maintain their support and involvement. Examples: Sales Department, Marketing Department, Maintenance Department, Internal customers, Frequent individual customers, Organizational customers, Insurance companies, Travel agencies, Vehicle manufacturers.]
          Figure 5.2.2. Stakeholder Power/Interest Grid for Rental Car Company’s Project

        

        
          5.2.2 Stakeholders in the Stakeholder Power/Interest Grid

          
            5.2.2.1  Project Sponsor
          

          The project sponsor is typically the most powerful stakeholder. In our case, the CTO is the sponsor. Sponsors have high power and high interest. They are the decision-makers and act as a supervisor and controller of the project. Sponsors often initiate the project by signing off and approving the project charter and authorizing the project manager to form and lead the team, start planning, define the scope, activities, schedule, and risks, and allocate and utilize the budget and resources. A sponsor is the authority superior to the project manager inside the organization and acts as a supervisor and facilitator during the project. A sponsor releases the team’s budget for the project activities. If the project client is one of the units of the organization, that is, an internal client, the project sponsor also becomes the funder. If the client is outside the organization, this external client becomes the funder, while the sponsor should still be inside the organization that is implementing the project. A legal contract is created between the organization (where the project sponsor, project manager, and team are) and the external client (funder). While the contract is a legally binding agreement, we still need a project charter that should be signed by the sponsor who is in our organization where the team resides. The charter should be based on the contract, and it regulates the requirements and resource allocations on the organization’s side. As discussed in Chapter 3 regarding the project charter, the project sponsor can be referred to as the “initiating sponsor.” They have the authority to start and stop the project and will support achieving project objectives by removing the barriers to success. They can be regarded as the “external champions” because they often serve as the last escalation point when the project team needs support bringing an off-track project back on track. Successful project teams know how to leverage the power and position of the project sponsor and will proactively ask them to deliver influencing communications throughout the organization to maintain the project’s momentum and high morale within the team. Project sponsors can assign one or more sustaining sponsors as the “internal champions.” These sponsors are often leaders of the internal departments most affected by the project, such as a marketing manager or human resources manager. When the project sponsor selects the sustaining sponsor(s), one of their goals is to ensure that the project team frequently considers the organizational impacts of the introduced changes. By keeping the sustaining sponsor(s) actively engaged in the project, they will ensure their teams are intently participating in the project and identifying the operational impacts that must be considered for the change to be sustained once the project has been completed.

          
            5.2.2.2  
            Project Manager and Project Team
          

          The project manager and the team members have high power and high interest since they are responsible for conducting all the teamwork and project activities. They define and sequence activities, estimate their duration, budget, and resources, identify and allocate resources, identify and manage risks, and monitor and control all project activities. They are those who are held accountable in the first place for the project’s success. Project managers have to deal with stakeholders external to the organization as well as the internal environment, which is certainly more complex than what a manager in an internal environment faces. For example, suppliers who are late in delivering crucial parts may blow the project schedule. To compound the problem, project managers generally have little or no direct control over these stakeholders. Therefore, it is a challenging process for project managers and the team. We will discuss team management in more detail in Chapter 6.

          
            5.2.2.3  
            Top Management and Steering Committee
          

          Top management may include the company’s president, vice presidents, directors, division managers, and the corporate operating committee. They direct the strategy and development of the organization. Project managers should have top management support, so recruiting the best staff to carry out the project and acquiring needed materials and resources will be easier. Moreover, visibility can enhance a project manager’s professional standing. On the minus side, failure can be quite dramatic and visible to all, and if the project is large, as is in our case, and expensive, the cost of failure will be more substantial than for a smaller, less visible project. Therefore, while dealing with top management, project managers should develop in-depth plans and major milestones that must be approved by top management during the planning and design phases of the project. They should ask top management associated with the project for their information reporting needs and frequency. They should also develop a status reporting methodology to be distributed on a scheduled basis and keep them informed of project risks and potential impacts at all times. In our case study, the steering committee, composed of top managers and their representatives, plays a crucial role in the project.

          
            5.2.2.4  
            Functional Departments
          

          In our case study, we have functional departments: IT, sales, marketing, and maintenance/repair departments and branches across the USA. Central functional units generally have more authority than the regional offices. All these units have managers and employees at various hierarchical levels. Among the central units, the IT department is one that we should work with more closely since the project is directly related to their responsibilities, and most of the human and physical resources we need for the project activities reside in the IT department. Therefore, the IT department has high power and high interest. The project also needs human resources from the sales, marketing, and maintenance departments. We need to consult subject matter experts in these departments. Therefore, these department heads control their resources, and we rely on them. If we have a good relationship with them, they may be able to consistently provide the best staff and the best equipment for our project. Employees from these departments may be part of our core team or attend project activities. Since the booking system directly affects their day-to-day operations, they have a higher interest. However, their power level may not be very high all the time. It may fluctuate from moderately high to lower interest levels, although generally not very low.

          
            5.2.2.5  
            Internal Customers: Branches and Call Center
          

          In our case, the branches and the call center are the internal customers of our project. They will be the end-users of the new ERP module when our customers and employers of our organizational customers visit the branches or call the call center to book a vehicle or to talk about another issue related to the booking (e.g., complaints, roadside assistance). These two categories of internal customers hold the power to accept or reject the deliverables of activities and the overall project when completed. However, they are generally represented by their managers, a product owner, or an inspection and acceptance committee, who have high power and naturally very high interest. Therefore, we should place them in the quadrant that allows us to manage them closely. The project manager must negotiate, clarify, and document project specifications and deliverables early in the relationship. After the project begins, the project manager must stay tuned to the customer’s concerns and issues and keep the customer informed. Call center agents may resist using the new system if they don’t find it user-friendly and easy to use. They must be informed frequently, and their feedback should be sought, especially when making critical decisions. Their resistance and dissatisfaction may lead to rework, which may cause the project to have budget overruns and schedule slippages. This is why continuous user involvement and feedback are crucial during the project to minimize the risk of unacceptance.

          While dealing with internal customers, the project manager and the team should pay attention to ensuring clarity about what stakeholders, in particular customers, want precisely. This is a part of product and project scope management. Project managers should assign business and/or systems analysts who can elicit requirements utilizing surveys, interviews, focus group meetings, workshops, root-and-cause analysis, and document analysis. Project managers should be aware of any issues regarding the lack of documentation for what is wanted, lack of knowledge of the customer’s organization and operating characteristics, unrealistic deadlines, budgets, or specifications requested by the customer, the hesitancy of the customer to sign off on the project or accept responsibility for decisions, and changes in project scope. As explicated in Chapter 3, “Project Initiation,” and Chapter 4, “Project Planning,” project managers should address the needs and expectations of stakeholders such as customers, clients, or owners, and be sure to do the following:

          
            	Learn the organization’s organizational structure, culture, buzzwords, and business.

            	Clarify all project requirements and specifications in a written agreement.

            	Specify a change procedure clearly in change management and configuration management plans.

            	Establish the project manager as the focal point of communication in the project organization.

          

          
            5.2.2.6  
            External Customers
          

          Providing clarity about what stakeholders want precisely, as explained above for internal customers, is true for external customers too. Business and/or systems analysts should also elicit requirements from external customers by utilizing techniques such as surveys, interviews, focus group meetings, workshops, root and cause analysis, and document analysis. External customers are outside our organization. Therefore, they are within the external stakeholders. In our case, external customers are individual customers (people who rent vehicles for leisure or work) and organizational customers (corporations that rent vehicles based on a contract). When we finalize our project, they can book the rental vehicles on our website and mobile app, call the call center to reserve a vehicle or talk about another issue related to the booking (e.g., complaints, roadside assistance) or they can visit a branch to reserve, pick up or return a rental vehicle. Organizational customers, in general, have a contractual relationship with our company as they regularly and frequently rent vehicles at better prices and in better conditions. They will be interested in our new booking system since a more effective system helps them have a smoother process with minimum flaws. Most of the individual customers may not be frequent customers. They may pursue lower prices by comparing them based on the vehicle type. Therefore, their interest in our new system may not always be high. We can name them as occasional individual customers. However, the customers who rent their vehicles from our company regularly may be interested in our project, and they may be willing to receive newsletters, for example, once every month in their email accounts. The power level for both individual and organizational customers would be low since they don’t have the authority and decision-making authority to significantly affect the course of the project (Figure 5.2.2).

          
            5.2.2.7  
            External Stakeholders
          

          In our case, individual customers (see 5.2.1.6), organizational customers (see 5.2.1.6), mobile app stores, insurance companies, travel agencies (including e-commerce agencies), vehicle manufacturers, suppliers, government agencies, and not-for-profit organizations are our external stakeholders.

          An important stakeholder group in our case would be two common mobile application stores – Android’s Google Play and Apple’s App Store. Our mobile app developers and testers will use their SDKs (Software Development Kits), and they should authenticate the app before it can be used by the customers on their smartphones. We also need to comply with standards regarding privacy and security. Thus, these two stores will have high power in our project. However, their interest level may not be high as they are not impacted by this project and its outcomes. We should keep them satisfied by complying with their standards and terms and conditions.

          Government and regulatory agencies are generally considered to have high power and low interest if they have an inspection and approval authority in the project. Project managers in certain heavily regulated environments (e.g., pharmaceutical, banking, or military industries) must deal with government regulators and departments. These can include all or some levels of government, from municipal, provincial, federal, and international levels. Besides, constructors are subject to permits and inspections from the local (city and county offices such as Public Works, Fire, and Health Departments) and federal agencies regarding the quality and legal standards they need to adhere to in their constructions (e.g., building permits, fire evacuation plan, fire and smoke equipment, safety). This is why these agencies’ power levels are high. In our case, government agencies were listed as the Department of Transportation and the US Environmental Protection Agency. Although these agencies may perform controls, inspect, and release permits for our operations, they may not have power and interest in our booking system. Thus, they are inside the low-power and low-interest quadrant in Figure 5.2.2. If a function or condition needs to be added to our system, and these agencies should approve it before we make it available, we can include them inside the high-power and low-interest quadrant.

          In our booking system project, we also have not-for-profit organizations such as associations established to reduce carbon emissions. Similar to government agencies, these organizations may not have power in our project. However, they may have a low or moderate level of interest since the system could include the fuel efficiency rates for each car. In Figure 5.2.2, they were placed within the low-power and low-interest quadrant.

          Insurance companies and travel agencies may be interested in our new booking system since some of them have an ongoing contractual relationship with our company. When a customer wants to rent a vehicle, they can select an insurance plan during their rental time. Travel agencies and/or travel websites (e.g., Expedia, Priceline) communicate with our company’s system to check the availability of our rental cars. Therefore, both insurance companies and travel agencies may be interested in our project. However, their power level would be low as they don’t have the decision-making authority to affect the project activities.

          Another stakeholder would be vehicle manufacturers from which our company, BRCW, purchases the vehicles to rent to the customers. Although they have a high interest in our vehicle portfolio and an ongoing relationship with our company, they may not have a high-level interest in the booking system. Indeed, vehicle manufacturers prefer their vehicles to appear in the booking system with high-quality pictures and accurate technical information. This is why they may have a moderate level of interest in our booking system. They want to see the same look and feel or our current system’s picture and information quality. Therefore, they were placed in the low-power and high-interest quadrant in Figure 5.2.2. We can also use the maintenance and service points of these vehicle manufacturers. However, this wouldn’t be related to the booking system.

          Another stakeholder, suppliers of vehicle spare parts and consumables for offices at the central units and branches, wouldn’t have a high interest in our booking system. They may have a moderate level of interest in the functions and conditions in our ERP module if spare parts and consumables are included. Neither of them has power in our project. Many projects heavily depend on goods provided by outside suppliers. This is true, for example, of construction projects where lumber, nails, brick, and mortar come from outside suppliers. If the supplied goods are delivered late, in short supply, of poor quality, or if the price exceeds the originally quoted, the project may suffer. Therefore, their interest level would be high. However, in our case, their interest level wouldn’t be high. Hence, they were replaced in the low-power and low-interest quadrant in Figure 5.2.2.

          We didn’t include any contractors in our case study. However, there are times when organizations don’t have in-house expertise. Thus, available resources and work are farmed out to contractors or subcontractors for the whole project or some activities. These subcontractors may be consultants, electricians, carpenters, and architects in a construction project. Managing them requires many skills to manage full-time project team members. We may have problems with them regarding the quality of the work, cost overruns, and schedule slippage.

          
            5.2.3 
            An Example of Stakeholder Power/Interest Grid for the Grocery LLC’s Mobile-Commerce Project
          

          In Chapter 3 of this textbook, we created a project charter in the initiation phase of Grocery LLC’s mobile e-commerce project. The stakeholders specified in this charter under “9. Key Stakeholder List” are below. Besides, project team members indicated under “12. Project Team” in Chapter 3 have been included in the list below.

          
            	Project manager (Senior Systems Analyst)

            	Project team members (The core team) 	Project manager: Senior systems analyst
	Two systems (business) analysts
	Two UI/UX designers
	Three developers (including Android and IOS developers and the backend developer)
	Two testers (quality assurance engineers)
	Two sales and marketing experts



            	Project sponsor (Chief Operations Officer – COO)

            	Product owner (The representative from the operational department who was assigned by the COO)

            	IT Department

            	Sales Department

            	Marketing Department

            	HR Department

            	Store managers and employees

            	Suppliers

            	Online customers

            	Customers who visit the stores in person

            	Government agencies that announce the pandemic restrictions

            	Google Play and App Store for the mobile application

          

          The stakeholders have been placed on the grid, as illustrated in Figure 5.2.3. Unlike Figure 5.2.2, this grid shows each stakeholder with dots inside their quadrants. We should always keep in mind that the location of each dot should be justified, and they don’t indicate a GPS location, so they provide a comparison of their locations with other stakeholders.

          
            [image: The image is a Stakeholder Power/Interest Grid for Grocery LLC's mobile commerce project, categorizing stakeholders based on their level of power and interest:Keep Satisfied (High Power, Low Interest): Stakeholders with significant power but lower interest, requiring minimal engagement to keep them satisfied. They are Google Play, App Store, HR Department. Manage Closely (High Power, High Interest): Key stakeholders with both high power and interest, requiring active engagement and close collaboration. They are Project Sponsor, Product Owner, Project Manager, Project Team, IT Department, Store Managers in the Inspection Committee. Monitor with Minimum Effort (Low Power, Low Interest): Stakeholders with minimal power and interest, requiring limited engagement. They are Government agencies that announce pandemic restrictions, Customers who prefer visiting the stores in person, Suppliers. Keep Informed (Low Power, High Interest): Stakeholders with high interest but limited power, requiring regular updates to maintain their support. They are Store Managers and Employees, Sales Department, Marketing Department, Online Customers.]
            Figure 5.2.3. Stakeholder Power/Interest Grid for Mobile Commerce Project

          

          
            
              High Power – High Interest Quadrant
            
          

          In the first example above, “A Vehicle Rental Company’s Project for their Booking System,” we have explained that the project sponsor, project manager, and project team are placed in this quadrant. The product owner in the m-commerce project of Grocery LLC is a representative from the operational department who was assigned by the COO. This person represents the interests of the internal client, and the priority of the product specification is managed and directed by this person. Therefore, the product owner has a high authority to affect the course of the project. Naturally, their interest is at a very high level from the very beginning to the very end of the project, extending beyond the completion of the project. Let’s assume two store managers will be assigned to the inspection committee to assess the mobile application’s performance measures to grant acceptance. In any case, whether they are on the committee or not, store managers are directly affected by the activities and outcome of this project. Finally, the IT Department will be the main functional unit that will coordinate this project’s technical activities (programming, testing, deployment), and assign systems (business) analysts, UI/UX designers, developers (including Android and IOS developers, and the backend developer), and testers if these human resources are available in this department. If they are unavailable, the IT department will start a recruitment process through the HR department.

          
            
              High Power – Low Interest Quadrant
            
          

          Like the first example, mobile application stores, such as Android’s Google Play and Apple’s App Store, would have high power in this project. Developers and testers in this project will use their SDKs (Software Development Kits), and they should authenticate the app before it can be used by the customers on their smartphones. Thus, we should keep them satisfied by complying with their standards and terms and conditions. During the project, we should keep an eye on the announcements made by government agencies regarding the pandemic. Modifications or new restrictions may affect the ongoing activities and challenge the allocation of human and physical resources. The fourth stakeholder in this quadrant would be the HR department. Although the HR department may not have high interest, their power level could be higher since the recruitment process should be carried out through them as explained above in the “high power – high interest quadrant”.

          
            
              Low Power – High Interest Quadrant
            
          

          As indicated in the “high power – high interest quadrant,” store managers’ interest will be high as their stores must manage online orders. They will also be interested in the features of this application and its store interface since the store employees will need a user-friendly application to process the orders smoothly. Therefore, employees are expected to have a high level of interest in this project. Although both managers’ and employees’ power to influence the project activities and outcomes wouldn’t be high, we can still expect a moderate level of power because of their key role in the process. At the headquarters of Grocery LLC, sales and marketing departments are expected to have a high interest in this project. Actually, both departments will provide human resources directly to the project team. These two departments will manage the mobile application’s content and marketing tools. Finally, we can place online customers in this quadrant as the end-users of the mobile app. The project team should elicit these stakeholders’ expectations from the app while creating, validating, and finalizing the app’s requirements.

          
            
              Low power – Low Interest Quadrant
            
          

          In this case study, we have two stakeholder groups in this quadrant. Suppliers have a key and frequent relationship with the grocery chain. However, their interest would be mostly in the supply chain management system through which they communicate with the chain and the intermediaries to dispatch the items ordered by the stores. Increased sales by means of the mobile app would benefit suppliers. However, the relationship with the grocery chain depends on the agreements and contracts independent of the mobile application. Nevertheless, we can still expect a moderate level of interest in this project. The second stakeholder group in this project would be customers who prefer visiting the stores in person and, hence, who don’t think of using the mobile app. Their interest level can be at a minimum level.

          
            5.2.4 
            Stakeholder Register
          

          To better understand stakeholders, we should have a stakeholder register accompanied by the power/interest grid we delineated above. This register should include information about all our key stakeholders and those with low interest and low power. Table 5.1 illustrates an example of a stakeholder register based on our case study about a rental vehicle booking system implemented at BRCW.

        

        Table 5.1. Stakeholder Register 	ID 	Stakeholder Name, Organization Name & Title 	Power Level (H/M/L) 	Interest Level (H/M/L) 	Current Level of Support 	Level of Support Required 	Risk Rating (H/M/L) 	Related Stakeholders 	Issues & Concerns 	Engagement Strategy & Tactics 
 	1 		Project Sponsor
	CTO
	BRCW

  	H 	H 	Supports Actively 	Supports Actively 	L 	Project Team
 Steering Committee
 IT Department 	Concern: High expectations for external resources to deliver as planned may scrutinize budget use closely.
 Possible Issue: Misalignment between the sponsor’s vision and team execution could lead to delays. 	Strategy: Ensure the project sponsor remains actively engaged and aligned with the project’s progress and challenges throughout the lifecycle.
 Tactics: 	Schedule bi-weekly status meetings to provide updates on progress, risks, and issues.
	Present milestone achievements and involve the sponsor in key decisions (e.g., resolving major conflicts, prioritizing changes).
	Share dashboards or concise reports summarizing project health, budget usage, and upcoming deliverables.
	Solicit input from the sponsor to leverage their influence in removing roadblocks or resolving interdepartmental conflicts.

  
 	2 		Google Play Store
	Google (Android)

  	H 	L 	Neutral 	Supports 	M 	App Store
 Project Team 	Concern: Strict compliance requirements for app features, privacy, and security.
 Possible Issue: Non-compliance with Google’s policies could delay app approval. 	Strategy: Ensure compliance with Google Play guidelines to achieve smooth app approval and avoid delays.
 Tactics: 	Conduct a preliminary review of Google Play’s latest compliance requirements, focusing on privacy, security, and technical guidelines.
	Assign a dedicated team member to monitor changes in Google Play policies and communicate updates to the development team.
	Use Google Play’s SDK during development to identify and resolve compatibility issues early.
	Schedule a compliance audit before submitting the app for approval to ensure all requirements are met.

  
 	3 		Organizational Customer
	Company X

  	L 	H 	Opposes 	Supports 	H 	Project Team
 Sales Department
 Call Center
 Branches 	Concern: Skepticism about BRCW’s ability to deliver an effective app.
 Possible Issue: Negative perception may erode trust and require additional effort to gain their support. 	Strategy: Build trust and demonstrate BRCW’s commitment to delivering an effective app through continuous engagement and collaboration.
 Tactics: 	Organize regular feedback sessions with Company X’s managers to present incremental progress and prototypes.
	Provide detailed documentation outlining how the new booking system addresses their concerns.
	Offer a dedicated point of contact for Company X to ensure timely resolution of any queries or concerns.
	Share success stories or benchmarks from similar projects to reinforce confidence in BRCW’s capabilities.

  
 	4 	Occasional individual customers 	L 	L 	Neutral 	Supports 	L 	Project Team
 Call Center
 Branches 	Concern: These customers are price-sensitive and primarily focused on finding affordable deals. They may also prefer familiar, easy-to-use systems and resist engaging with a new booking platform if it seems overly complex or time-consuming.
 Possible Issue: Low adoption rates for the new system due to a lack of perceived value, usability challenges, or inadequate communication about its benefits.
  	Strategy: Encourage adopting the new booking system by addressing their pricing concerns and ensuring it is user-friendly and accessible.
 Tactics:
 1. Add features to the system that emphasize price comparisons and special offers, making it easy for customers to find the best deals quickly.
 2. Conduct user experience testing with a diverse group of occasional customers to identify and resolve potential usability issues before launch.
 3. Develop simple guides, tutorial videos, and an FAQ section to help customers navigate the new system.
 4. Launch a promotional campaign offering discounts or bonus rewards for first-time users of the new booking system.
  
  

        The level of support (either current or desired) can be evaluated in five levels[4]:

        
          	Supports Actively: Anticipates and feels the need for change and actively works with the project team.

          	Supports: Anticipates and feels the need for change but is not involved in the project team.

          	Neutral – Neither supporting nor opposing.

          	Opposes – Neither feels the need for change nor tries to prevent the change.

          	Opposes Actively – Doesn’t see the need for change but is actively working to prevent the change.

        

        In some cases, it isn’t uncommon for project managers to work with stakeholders who are not supportive of the project. They may feel the project will not benefit them or their organizations. They may also resist making the necessary changes to support the project’s outcomes. Some stakeholders are very upfront about their resistance, and others are not. The project sponsor may be integral to winning these stakeholders in these situations. Knowing when to involve others tactfully in stakeholder management is another key success factor for effective project management.

        Stakeholders are critical factors to be taken into account while identifying the risks. Their risk rating helps the team determine individual and overall project risks. The project manager and the team should use judgment in deciding how to handle each stakeholder by evaluating their current and desired support level, the potential impact on the project activities, decisions and outcomes, and their issues and concerns regarding the project and other stakeholders. The role of stakeholders in identifying and managing risks will be discussed in Chapter 10.

        Stakeholders may convey their issues regarding the project explicitly or implicitly. Therefore, the team should attempt to analyze and list the issues and concerns that may emerge during the project implementation. Based on all the inputs discussed, the team should carry out brainstorming sessions and come up with strategies for the stakeholders whose lack of support significantly might impact the project’s success, how to gain their support, and how to engage them effectively in the project. Table 5.1 includes issues and concerns with four stakeholders in the rental booking system project, as well as engagement strategy and tactics.

        Furthermore, we should consider the relationship among stakeholders. Can we improve the project’s chances by working with those who support us to improve the views of those who oppose it? Therefore, as indicated in Table 5.1, it would be helpful for the team to have information regarding the relationships among the stakeholders. For example, related stakeholders are the project team, sales department, call center, and branches for organizational customers.

        A stakeholder register is a living document that should be reassessed regularly, as with other plans and documents such as risk registers and issue logs (see Chapter 10). Thus, the project team should assign some time in their weekly or monthly meetings to discuss whether revisions must be done in the stakeholder register. Stakeholders’ power and interest levels, support levels, risk ratings, issues and concerns, and accordingly, engagement strategies and tactics could change throughout the project. Besides, new stakeholders may be added later. This process is discussed in 5.3, “Managing and Monitoring Stakeholders.”

        
          5.2.4.1 
          Stakeholder Engagement Assessment Matrix
        

        Another data representation tool that can be used is a Stakeholder Engagement Assessment Matrix. It can also be incorporated into the stakeholder register. In Table 5.1 above, the level of support was indicated in five levels: (1) Supports actively, (2) supports, (3) neutral, (4) opposes, and (5) opposes actively[5]. Besides this, another matrix can be used as detailed in the PMBOK Guide 6th Edition. C indicates the current engagement level, whereas D indicates the desired level.

        Table 5.2 Stakeholder Engagement Assessment Matrix (Adopted from PMBOK Guide 6th Edition) 	Stakeholder ID 	Unaware 	Resistant 	Neutral 	Supportive 	Leading 
 	1 	 	C 	D 	 	 
 	2 	C 	 	 	D 	 
 	3 	 	 	 	C 	D 
  

        
          *C: Current, D: Desired
        

        As indicated in Table 5.2, stakeholders are evaluated based on five levels of engagement. They may be unaware of the project and its potential impacts. They may be aware of the project and its potential impacts but resistant to any changes that may occur as a result of the work or outcomes of the project. These stakeholders will be unsupportive of the work or outcomes of the project. When stakeholders are aware of the project but neither supportive nor unsupportive, we can classify them as neutral. When they are aware of the project and potential impacts and supportive of the work and its outcomes, we can classify them as supportive. Eventually, stakeholders are classified as leading when they are aware of the project and its potential impacts and are actively engaged in ensuring that the project is a success.

        
          5.2.2.2    
          Responsibility Assignment Matrix (RACI Chart)
        

        A responsibility assignment matrix is another data representation technique that can illustrate each team member’s and relevant stakeholders’ roles and responsibilities in each project activity. It shows the project resources assigned to each work package (lowest-level activities in a WBS). One of the common responsibility assignment matrices is the RACI (responsible, accountable, consult, and inform) chart. A RACI chart is a useful tool to ensure clear assignment of roles and responsibilities when the team consists of internal and external resources[6]. As seen in Table 5.3, a RACI chart displays the activities associated with team members and stakeholders.

        To avoid confusion about who is ultimately in charge of supervision and/or decision-making for an activity, only one person should be associated with accountability[7]. An “Accountable” role has the final authority or accountability for the task’s completion. This role is generally assumed by the project sponsor, project manager, supervisor, or team members delegated by the project manager for an activity. As seen in Table 5.3, we have only one role for each activity that assumes an accountability role. For example, in the “Collect Requirements” activity, Jim is the team member responsible for coordinating the whole activity and/or performing the tasks directly. Jim can consult Jane and Anna, who may be subject matter experts with substantial experience and knowledge or those who are affected significantly by the activity and are interested in this activity and the overall project. Thus, Jim can interview Jane and Anna and learn about their needs, expectations, and concerns. Mary can be the project manager or the supervisor on the team, who audits and approves the activity and its deliverables. Tom could be a stakeholder with high interest and low power. We should keep him informed about what is going on in this activity. We can also receive feedback from Tom to improve the tasks in this activity.

        
          Table 5.3 RACI Chart 	 	Team Member or Stakeholder 
 	Activity 	Jim 	Mary 	Chris 	Jane 	Anna 	Tom 
 	Plan Scope Management 	A 	R 	R 	I 	C 	C 
 	Collect Requirements 	R 	A 	I 	C 	C 	I 
 	Define Scope 	A 	R 	R 	I 	C 	C 
 	Create WBS 	A 	R 	R 	R 	I 	 
  

          

        

      

       

    

  

  

  
    
      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


      	
        https://www.projectmanagement.com/wikis/368897/stakeholder-analysis--using-the-power-interest-grid
        ↵
        

      

      	International Institute of Business Analysis. (2015). A guide to the Business Analysis Body of Knowledge (BABOK Guide), version 3.0. Toronto, Ont: International Institute of Business Analysis. ↵


      	Anupam (n.d.). Stakeholder Analysis Register. Retrieved from https://www.projectmanagement.com/ ↵


      	Anupam (n.d.). Stakeholder Analysis Register. Retrieved from https://www.projectmanagement.com/ ↵


      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK Guide) (6th ed.). Project Management Institute. ↵


      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK Guide) (6th ed.). Project Management Institute. ↵


    

  

  




  
  





5.3 Managing and Monitoring Stakeholder Engagement


  
  After we identify the stakeholders, analyze their positions in terms of interests, power, influence, involvement, interdependencies, and potential impact on the project’s success, and accordingly develop strategies to involve them in the project to make them supportive of the project (and at least not opposing the project), we can manage and monitor their engagement[1]. This engagement should be detailed in a stakeholder engagement plan, a component of the project management plan that identifies the strategies and actions required to promote the productive involvement of stakeholders in decision-making and execution[2]. The stakeholder power/interest grid, stakeholder register, and other data gathering and analysis techniques are included in this plan to guide the project team throughout the project to identify the strategies and approaches for engaging stakeholders.

  During the execution of project activities, the project manager allocates most of the workforce and resources required for activities and spends a substantial amount of the budget. Based on the stakeholder engagement plan and its components, project managers should communicate and work with stakeholders to meet their needs and expectations, address issues, and foster appropriate stakeholder involvement[3]. This plan helps us while eliciting stakeholders’ requirements, expectations, and concerns, having meetings, interviews, and workshops with them, sending them periodic newsletters to keep them updated about the progress of our project, carrying out the activities to create deliverables that can satisfy their needs, and closing out the project after the approval of the client.

  Identifying stakeholders brings about another key aspect of stakeholder management – communication with them. The communication protocol must be incorporated into the stakeholder engagement plan. Communication methods can be adapted to suit the unique nature of the project. This adaptation will also strongly affect project success. Key questions the project team needs to address are:

  
    	Which stakeholders will make the decision in the organization on a specific issue, and which of them should be involved in this process? In particular, to whom should we consult about an issue and inform?

    	What type of communication types and methods should we utilize? Do the stakeholders want lengthy documents? Formal or informal communication? Is “short and sweet” the typical standard?

    	What medium of communication is preferred? What kind of medium is usually chosen for various situations? Check the lessons learned repositories to see what past projects have done.

  

  Although project managers keep each stakeholder’s expectations and needs in mind throughout each conversation, report, or email, we should always remember that our company’s and the client’s interests are more important than any stakeholder’s. However, preferring our company’s or client’s interests over other stakeholders’ may lead to failure during the implementation or after the deliverables of the project are made available for the clients and customers in the market. Market demand is a critical determinant of the success of our project outcome.

  No matter what stakeholders’ needs or wants are, all of them will respect the project manager who:

  
    	Always justifies the actions and results, even when telling them something they don’t want to hear,

    	Takes ownership of the project,

    	Is predictable and reliable,

    	Stands by his or her decisions, and

    	Takes accountability for mistakes.

  

  Achieving a project’s objectives takes a focused, well-organized project manager who can engage with a committed team and gain the support of all stakeholders. Building strong, trusting relationships with interested parties from the start can make the difference between project success and failure. Managing stakeholder engagement helps to ensure that stakeholders clearly understand the project goals, objectives, benefits, and risks, as well as how their contribution will enhance project success[4].

  The project manager’s interpersonal skills are needed, especially while communicating with the stakeholders (see Chapter 6 for more discussion of interpersonal and leadership skills). Project managers must rely on their soft skills to be effective. Effective project management spends a significant amount of time building relationships with stakeholders. It is highly important for a project manager to obtain, confirm, and maintain stakeholders’ commitment to the project’s success. Project managers manage their expectations through negotiation and communication. Building trust and maintaining an open line of communication is critical in working with all stakeholders. Keeping stakeholders involved is essential, and it requires more than simply sharing information. The project manager must ask for their input and demonstrate an understanding of a stakeholder’s unique business challenges. This level of understanding is often done through simple and regular stakeholder check-ins. Project managers who successfully build relationships understand stakeholders’ capacity to participate and honor their time constraints. Then, addressing risks or potential concerns and anticipating future issues that may be raised by stakeholders would be less challenging for a project manager equipped with effective interpersonal skills. Finally, project managers can clarify and resolve issues that have been identified.

  Besides managing stakeholder engagement, project managers should ensure that they and their teams monitor stakeholder relationships and modify engagement strategies and plans during the project when needed. As is the case for all knowledge areas, project managers have a critical responsibility to track, review, and regulate the progress and performance of the project, identify areas where modifications are required in the plan, and perform corrective and preventive actions if needed. Stakeholders’ interests and power levels may change during the project. This leads to a change in strategies to engage them. Moreover, a stakeholder’s support of the project objectives and outcomes may change in the opposite direction. It may move from supportive to resistant due to various factors. Supporting stakeholders may find new information that doesn’t favor their interests and may even cause harm. In our rental vehicle booking case, assume that one of the insurance companies we work with is not included in the new system as an insurance provider. This company’s representatives thought their partnership with BRCW would continue. However, they were informed that their company’s offer would be listed as an alternative to another insurance company’s offer. Therefore, their attitudes may change, and they may oppose the project when informed about it.

  

  
    
      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


    

  

  




  
  





5.4 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	Stakeholders have a positive or negative influence on the project or might be positively or negatively affected by the project or its activities, decisions, and outcomes. Stakeholders can be anyone including, but not limited to, individuals, groups, teams, businesses, corporations, communities, government agencies, not-for-profit organizations, international bodies, and non-governmental organizations.

        	The stakeholder power/interest grid is a two-dimensional matrix with four quadrants. It helps project leaders categorize stakeholders and create effective communication strategies for each category of stakeholder on the project.

        	The stakeholder register provides a snapshot of all the stakeholders in terms of their power and interest levels, current and required support levels, risk ratings, their relationship to other stakeholders, issues and concerns, and engagement strategy and tactics to keep them supportive of the project or keep their resistance in a very low level.

        	One of the common responsibility assignment matrices is the RACI (responsible, accountable, consult, and inform) chart, which is a useful tool for ensuring clear roles and responsibilities when the team consists of internal and external resources.

        	The project manager’s interpersonal skills are needed, especially while communicating with the stakeholders. Project managers must rely on their soft skills to be effective. Effective project manager spends a significant amount of time building relationships with stakeholders. It is highly important for a project manager to obtain, confirm, or maintain stakeholders’ commitment to the project’s success.

      

    

  

   

  




  
  





5.5 Multiple-Choice Questions


  
  There are 15 questions for this chapter.  You will get immediate feedback as you submit each answer and be taken to the next question.

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=143

  

  

  




  
  





5.6 Exercises


  
  
    
      Exercise 1: The River Delta Bridge Project

    

    
      BridgeTech Inc. is a fictional civil engineering company that has been in operation for over two decades. With a portfolio spanning various geographies, the firm has earned accolades for its innovative designs and sustainable construction practices. The company plans to erect a state-of-the-art bridge over the River Delta in their latest venture.

      The proposed bridge is a blend of aesthetic beauty and functional brilliance. Envisioned with pedestrian walkways, dedicated cycling paths, and viewpoints, the bridge offers breathtaking views of the city skyline. It is not merely a transportation project but is seen as a potential boost to the city’s tourism, envisaged to become a hotspot for both locals and tourists.

      The River Delta, however, presents a challenging terrain. It’s a major route for commercial shipping, with large vessels passing through daily. Any construction activity could disrupt this flow, leading to potential economic ramifications. Additionally, the riverbanks are dotted with residential zones, including luxury condos and heritage homes, many of which have been there for generations. Residents cherish their tranquil river views and are concerned about the mammoth construction that’s about to unfold.

      From an environmental perspective, the River Delta is rich in biodiversity. Home to several endangered fish species and a unique mangrove ecosystem, any construction activity could threaten this delicate balance. Local environmental groups have voiced their concerns, seeking assurance that the project will not degrade the environment.

      The local government is in a tight spot. While it sees the long-term benefits of the bridge, it also has to ensure that the concerns of residents, businesses, and environmentalists are adequately addressed. Therefore, it has given a conditional nod to the project, emphasizing minimal disruption and adherence to the highest environmental standards.

      
        Questions:
      

      
        	Who are the key external stakeholders for the River Delta Bridge project? Categorize them based on their levels of power and interest (e.g., residents, environmental groups, commercial shipping companies, local government).

        	How can BridgeTech Inc. effectively engage with residents concerned about the construction phase and the long-term impact on their riverfront views? Suggest specific methods for communication and consultation.

        	Environmental groups have voiced strong concerns about the project’s potential ecological impact. How can BridgeTech balance its demands with the project’s objectives while maintaining stakeholder support?

        	What communication strategies should BridgeTech use to keep all stakeholders informed about project progress, challenges, and milestones? Include examples tailored to different stakeholder groups.

        	Since commercial shipping is vital to the local economy, how can BridgeTech collaborate with shipping companies to minimize disruptions and maintain positive stakeholder relationships?

        	Suppose environmental groups or residents launch a public campaign against the project. What steps can BridgeTech take to rebuild trust, align stakeholder expectations, and mitigate the negative impact on project timelines?

      

    

  

   

  
    
      Exercise 2: SunVille Solar Park Project

    

    
      EcoPower Inc. is a fictional energy company that specializes in renewable energy projects. The company has recently acquired a vast stretch of land in SunVille, a small town known for its sunny weather throughout the year. EcoPower’s ambitious project aims to transform this land into one of the region’s most extensive solar parks, which could potentially power the entire SunVille town and its neighboring areas.

      The SunVille Solar Park promises significant environmental benefits by reducing the region’s reliance on fossil fuels. However, the project’s scale means that a large portion of the acquired land, currently used for agriculture, will have to be repurposed. This transition will undoubtedly impact the local community, which primarily depends on farming.

      While the local government generally supports renewable energy initiatives, they’re also concerned about the potential job losses in the agricultural sector and the change in the town’s rural character. At the same time, environmentalists, although supportive of green energy, worry about the local flora and fauna being affected by such a large-scale installation.

      Given the increasing global emphasis on clean energy, EcoPower’s investors are enthusiastic about the project’s potential returns. However, they also emphasize the importance of smooth execution without significant delays, as such setbacks could affect projected returns.

      Local businesses, especially those in the hospitality sector, see an opportunity. If designed innovatively, they believe the solar park could attract eco-tourists, leading to increased business.

      Residents are divided. While some are excited about SunVille potentially becoming a landmark for clean energy, others, especially farmers, are anxious about their future.

      EcoPower creates a Stakeholder Power/Interest Grid to navigate this complex scenario. They identify the following stakeholders:

      
        	Local Government

        	Environmentalists

        	Investors

        	Local Businesses (Hospitality Sector)

        	Residents

        	Farmers

        	Eco-tourists

        	Company Employees

      

      
        Questions:
      

      
        	Plot each stakeholder on the Power/Interest Grid using the provided information.

        	Which stakeholders should EcoPower closely manage and engage with regularly based on their position in the grid?

        	How can EcoPower address the concerns of stakeholders with high interest but varying levels of power?

        	Considering the project’s potential positive and negative impacts, how should EcoPower prioritize its communication and engagement activities?

        	How might the Power/Interest Grid evolve as the project progresses, and how should EcoPower adapt its stakeholder management strategies accordingly?

      

    

  

  




  
  





Chapter 6. Communication Management, Leadership, and Project Team Management




6.0 Learning Objective and Overview


  
  
    
      Learning Objectives

    

    
      
        	Evaluate the importance of good communication in project management.

        	Create a communication management plan.

        	Describe the interpersonal and technical skills project managers need to lead teams and manage projects effectively.

        	Explain how project managers can cope with conflicts by utilizing interpersonal skills.

        	List the leadership styles, and define the preferred servant leadership for project managers.

        	Explain how project managers can create a culture pertinent to a project.

        	Describe the processes to develop and manage project teams.

        	Describe the virtual project teams exponentially utilized worldwide by all types of organizations, and compare in-person and virtual teams.

      

    

  

  
    6.0  
    Overview
  

  As highlighted in Chapter 5, “Stakeholder Management,” project managers and their teams spend most of their time communicating and collaborating with the stakeholders. Indeed, project managers themselves spend 90% of their time communicating[1]. Therefore, most of this chapter addresses the aspects of communication necessary to sustain a healthy relationship with all the stakeholders besides project team members. In this chapter, we also focus on team management, which elaborates on the relationships between the project manager and other team members and the relationships among all team members. Working with people, inside and outside the project team, involves logically and emotionally dealing with them. A successful working relationship between individuals begins with appreciating the importance of emotions and how they relate to personality types, leadership styles, negotiations, and setting goals.
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6.1 Communications Management


  
  Projects require teamwork, and team members must communicate with each other in a variety of ways. The documents they produce must be collected, distributed, and stored appropriately to ensure timely and accurate communication between team members. Various technologies, including computer and smartphone software programs and applications, often assist this process. The advent of the Internet, accompanied by various ICTs (Information and Communication Technologies) and the emergence of the COVID-19 pandemic by the first quarter of 2020, accelerated the process of digitalization for people and all organizations, including companies, multinational corporations, non-governmental organizations, governments, and international bodies. Thus, the adoption and spread of ICTs worldwide across organizations and countries increased exponentially. The utilization of global virtual teams in organizations increased to unprecedented levels. 94% of CultureWizard’s Global Virtual Work Survey respondents indicated that employees want to continue working from home—at least part-time [1]. More virtual presence has brought about new challenges, as detailed in this chapter’s “Virtual Teams” section.

  ICTs can facilitate faster and better communication or become a barrier if they are not well understood and applied appropriately. Besides, as detailed in Chapter 5, the project manager and the team should be in ongoing contact with all the stakeholders based on their power and interest levels and other factors such as influence, involvement, support required, and interdependencies. This necessitates the manager to choose an optimal portfolio of communication technologies and methodologies. Therefore, these issues should be well-thought by the project manager while preparing the project plan and its subcomponent, “Project Communications Management Plan.”

  
    6.1.1 
    Communication Management Plan
  

  Communications management is about keeping everybody in the loop. The communications planning process concerns defining the types of information we will deliver, who will receive it, the format for communicating it, and the timing of its release and distribution. Hence, ensuring everybody gets the right message at the right time is important.

  As is the case for all knowledge areas (e.g., scope, schedule, cost, resource, risk, communication, and stakeholder), the first step is to plan so that we can delineate the guidelines that we should follow during the execution of the project activities, and while we monitor and control them. This provides us with direction based on the information needs of each stakeholder, available organizational assets, and the project’s needs [2]. All projects require a sound communication plan, but not all projects will have the same types of communication or the same methods for collecting, analyzing, and distributing the information. The communication plan documents the types of information needs the stakeholders have, when the information should be distributed, how the information will be delivered with which frequency, who will receive it, and the format and technologies we will use to communicate.

  First, we should figure out what kind of communication our stakeholders (including the project team) need so they can make good and well-informed decisions. This is called the communications requirements analysis. Our project will produce a lot of information, so we don’t want to overwhelm the stakeholders with all of it. Our job is to figure out what they feel is valuable. Therefore, the stakeholder power/interest grid (matrix) and the stakeholder engagement assessment matrix would be very helpful in determining the priorities of each stakeholder and how we can communicate with each of them (see Chapter 5); communicating valuable information doesn’t mean we always paint a rosy picture. Communications to stakeholders may consist of either good news or bad news. We don’t want to bury stakeholders in too much information, but we do want to give them enough so that they’re informed and can make appropriate decisions. ICTs have a major impact on how we keep people in the loop. Therefore, our analysis and the plan should include them.

  
    
      
        The communications planning process includes defining:
      

    

    
      
        	The types of information we will deliver,

        	Who will receive it,

        	The format for communicating it,

        	The timing of its release and distribution.

      

    

  

  
    We should answer the questions below in our communications management plan:
  

  
    	What methods of communication do we need to consider? Which methods can we choose to transfer information? 	It can take many forms.
	Traditional communication methods include memorandums, physical letters, notice boards, faxes, leaflets, brochures, banners, and billboards.
	Digital communication methods include emails, video conferencing, instant messaging, file-sharing services, social media, and collaboration platforms such as Asana, Monday, and Jira, through which project teams can track tasks and project status.
	Verbal communication methods include in-person meetings, town hall meetings, one-on-one meetings, phone conversations, teleconferences, daily standups, and kick-off meetings.
	Visual and interactive communication methods include dashboard reports (e.g., data visualization tools like Tableau), mind mapping tools, and interactive workshops.
	Formal reporting methods include executive summaries, financial reports, and audit reports.
	Documentations include technical documentation, user manuals, and knowledge bases (e.g., online libraries and databases).
	Informational communication methods include coffee chats, water cooler conversations, walk-and-talk sessions, team outings, celebrations, and sports events.
	Feedback channels include interviews, round table discussions, retrospective meetings, surveys and questionnaires, online polls, and feedback boxes.
	Newsletters, online user forums, and webinars can be utilized to communicate with customers and clients.



    	How should we arrange the timing of the information exchange or the need for updates? What is the reporting frequency for each stakeholder according to the expectations and concerns of stakeholders? 	Methods and frequency should be identified for each stakeholder based on the role and responsibilities of team members and stakeholders’ interests and power levels.
	Project teams should engage stakeholders before implementing major changes to ensure alignment and manage expectations. They should also promptly communicate critical milestones such as pivotal achievements, delays, and changes.
	While project managers can receive updates from team members regarding the progress of the activity and any roadblocks, they can conduct weekly reviews of detailed analyses of the project status, risks, and performance against the project plan.
	Project steering committees can receive monthly executive summaries highlighting key achievements, milestones, budget status, high-level risks, or quarterly reviews, including in-depth project performance analysis, benefits realization, and strategic alignment.
	In Chapter 5‘s “Case Study 5.2,” which created the stakeholder power/interest grid for Grocery LLC’s mobile-commerce project, we indicated store managers in the inspection committee and online customers willing to shop through the mobile app. While we can communicate with these store managers more frequently (e.g., once a week) through in-person and online meetings and emails during the project, we can communicate with the customers less frequently by sending them updates in a newsletter format every two weeks.



    	Who is the person responsible for communicating the information? Who authorizes the release of confidential information? Who receives the information according to their needs, expectations, and concerns? 	Typically, the project manager is responsible for disseminating information to the relevant stakeholders. Still, depending on the complexity and size of the project, it could also be delegated to communication officers or team leads (who are responsible for guiding, directing, and managing a group of team members working on specific tasks within the project). The person responsible for communication ensures that information flows accurately and promptly.
	Confidential information often requires approval before being shared. This authorization typically comes from higher management, legal teams, or a designated authority in the project, such as the project sponsor or a privacy officer. Authorization ensures that sensitive data is handled in compliance with organizational policies and regulations, and the project and stakeholders can be protected from unintended data breaches or misuse.
	Different stakeholders require different levels and types of information depending on their role, level of influence, and interest in the project. For example, executives might receive high-level overviews, while team members get detailed operational updates. Understanding stakeholder needs and concerns ensures that the right information reaches the right people at the right time.



    	Do we need to procure new technology or systems, or are there systems already in place that will work? 	This question assesses whether the project requires new communication technologies (e.g., software tools, platforms) or if existing ones can meet the project’s needs. Identifying this helps plan the budget, time, and resources required for communication tools. It also considers the enterprise environmental factors and organizational process assets already in place[3].



    	What is our staff’s experience with the technology? Are project team members and stakeholders experienced in using this technology, or should we train them? 	Understanding the team’s proficiency with available communication tools is important. If team members or stakeholders are unfamiliar with a particular technology, it may slow communication or require training, impacting the project’s timeline and budget. Assessing the team’s technical skill level ensures that communication channels are efficient and effective.



    	How does the project team function? Are they located together or spread out across several locations in a country or the world? 	The geographic location of the team impacts the communication strategy. A co-located team may rely more on in-person meetings and spontaneous interactions, while emails are still an important digital tool. In contrast, a dispersed (distributed/remote) team would need digital collaboration tools like video conferencing, instant messaging (e.g., Microsoft Teams, WhatsApp), email, file sharing, and collaboration tools (e.g., Google Drive, Dropbox), and project management platforms (e.g., Trello, Jira, Monday). The team’s setup also determines the frequency and types of communication needed to keep everyone aligned.



    	What are the resources, time, and budget allocated for communication activities? 	Communication activities need adequate resources, such as personnel, technology, and time. Budget allocations cover tools, training, and other costs associated with setting up and maintaining effective communication channels.



  

  Answers to the questions above should be documented in the communication plan. Remember that all the components of a project management plan are interrelated. A communication plan cannot be prepared independently of other components, such as the plans for the scope, schedule, cost, risk, and stakeholders. For example, concerning ICTs, we should consider whether the technology we choose would work throughout the project’s life or if we should upgrade or update it at some point.

  The information we communicate typically includes project status, project scope statements and updates, project baseline information, risks, action items, performance measures, project acceptance, etc. We should also consider the language, format, content, and level of detail. The information needs of the stakeholders must be determined as early in the planning phase of the project management life cycle so that as we develop project planning documents, we already know who should receive copies of them and how they should be delivered.
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6.2 Communication Types


  
  The communication management plan should address the needs, expectations, and concerns of the project team and the stakeholders by considering the communication types. Completing a complex project successfully requires good communication among team members. Suppose those team members work in the same building. In that case, they can arrange regular meetings, stop by each other’s office space to get a quick answer, or even discuss a project informally at other places like meeting rooms, in the kitchen, and next to the coffee machine. Many projects are performed by virtual teams interacting primarily through electronic communication (see 6.7). Virtual interaction has been exponentially prevalent for many organizations and collocated project teams. To avoid miscommunication that can harm trust and to include team members in a project culture, the project team needs a plan for communicating reliably and on time. This planning begins with understanding two major categories of communication – synchronous and asynchronous.

  
    6.2.1 
    Synchronous Communications
  

  If all the parties to the communication participate in the exchange simultaneously, the communication is synchronous. The following are examples of synchronous communications:

  
    	In-person meetings: This is the traditional meeting method utilized by collocated teams. Some virtual teams may also prefer in-person meetings several times (e.g., kick-off and closing meetings) during the project life cycle to socialize and build trust.

    	One-on-one and conference phone (audio) calls: These calls would be effective if there is an urgent need to meet and participants are unavailable for video calls.

    	Video conferences: These meetings have prevailed with the widespread utilization of virtual teams and the emergence of the COVID-19 pandemic. Online tools such as Microsoft Teams, Zoom, Google Meet, and WhatsApp are used for video conferences.

    	Integrated solutions such as Microsoft Teams: Teams can use synchronous communication tools such as video conferences and instant messaging, and share files with other team members (asynchronous).

    	IM (instant messaging): Team members can exchange text or voice messages on computers and mobile devices. They can also have group pages on which more than two members can chat and share documents, pictures, and videos. IM may not always be synchronous, but it allows the team members to reply later and keep records of the chat logs.

  

  
    6.2.2 
    Asynchronous Communications
  

  Getting a team together simultaneously can be challenging, especially if they are spread out across time zones. Many types of communication do not require the parties to be present simultaneously. This type of communication is asynchronous. There are several choices of asynchronous communications, such as mail and fax. Recently, asynchronous communication has mostly been done on online platforms.

  The following are examples of asynchronous communications:

  
    	Physical mail and faxes: These traditional methods allow delayed, written communication, often used for formal documents or when electronic methods are unavailable. In many projects, there is a need to deliver mail and packages to other team members or sub-teams and stakeholders in different locations. Physical signatures can still be demanded to comply with the legal requirements. However, online tools have allowed people to sign electronically, which is also legally acceptable (e.g., Adobe Acrobat, DocuSign). Therefore, this provides time and cost-saving opportunities to the project teams.

    	Electronic mail (email): Email enables asynchronous communication where messages can be sent, received, and responded to at any convenient time for the recipient. Email is widely used to coordinate projects, communicate, and collaborate between team members and stakeholders. Emails have several valuable characteristics for project management. Information can be sent to a list of team members. Messages can be saved to document the process in case of a misunderstanding or miscommunication. Files can be attached and distributed.

    	Newsletters: Newsletters provide periodic, non-real-time updates to a large group, summarizing information or announcing important updates.

    	Cloud storage: Cloud storage allows team members to conveniently upload, access, and share documents or files without needing real-time interaction. Examples include Google Drive, Dropbox, and Microsoft OneDrive.

    	Recorded meetings: They enable team members to catch up on key discussions and decisions at their convenience, ensuring flexibility across various time zones and availability.

    	Surveys: They collect feedback or data asynchronously from multiple participants, enabling responses to be provided at their convenience.

    	Social media updates: They share information publicly or within specific groups, allowing people to view and interact with the content on their own time.

  

  




  
  





6.3 Communications Management Protocol


  
  The communication management plan can include a protocol that delineates all the critical communication channels for the team and stakeholders, such as the purpose of communication, frequency of communications, ICTs utilized, types of information to be communicated, and participants. Table 6.3.1 provides an example of a Communications Management Protocol for Grocery LLC’s Mobile Commerce Project (see 1.2).

  Table 6.3.1. Communications Management Protocol for Grocery LLC’s Mobil Commerce Project 	Purpose of Communication 	Schedule Frequency 	ICTs or Other Means Utilized 	Types of Information 	Participants: Team Members and Stakeholders 
 	Planning 	Every Monday at 10:00 am 	Microsoft Teams, Zoom, OneDrive, Emails 	Requirements, project activities, updated schedules, cost estimates, risks, and issues 	All team members, Project Manager, IT Department, Business Analysts, Store Managers 
 	Stakeholder Requirements Gathering 	Weekly, Tuesday-Friday between May 2 – June 10, 2022 	Zoom, Online Surveys, Emails, Phone Calls 	Customer needs, expectations, product preferences, operational constraints, technical needs 	Store Managers, Employees, Customers, Project Team, Business Analysts 
 	Design Review 	Bi-weekly, every 2nd and 4th Wednesday of the month 	Microsoft Teams, Zoom, OneDrive, Emails 	Mobile app wireframes, website designs, feedback on UI/UX, functional requirements 	Project Manager, IT Development Team, UI/UX Designers, Marketing Team, Store Managers 
 	Retrospective 	Every Friday at 4:00 PM 	Microsoft Teams, Zoom, OneDrive, Emails 	Status updates, lessons learned, challenges faced during the week, successes 	All team members, Project Manager 
 	Status Updates 	Every Monday after planning meetings or as needed 	Emails, Zoom, OneDrive 	Progress reports, tracking Gantt charts, budget and schedule comparisons, risk assessments 	Project Sponsor, Clients, Store Managers, Project Manager, Business Analysts 
 	Client Progress Review 	Monthly, the last Monday of the month 	Zoom, Emails, OneDrive 	High-level progress summary, key milestones achieved, risks, issues, financial overview 	Clients, Project Sponsor, Project Manager, Marketing Department 
 	Digital Marketing Coordination 	Monthly, the last Friday of the month 	Zoom, Emails, Collaboration tools (Trello, Slack) 	Digital marketing campaign progress, mobile app and website launch plan, customer engagement strategy 	Marketing Team, IT Team, Business Analysts, Project Manager, Store Managers 
 	Final Project Review 	October 20, 2022 	Zoom, Microsoft Teams, In-person (if safe) 	Final deliverables, lessons learned, user acceptance testing results, next steps for post-launch phase 	Project Manager, All Team Members, Store Managers, IT Department, Clients 
  

  




  
  





6.4 Leadership Skills


  
  Project managers, as leaders, spend 90% of their time communicating with team members and stakeholders[1]. They communicate through various channels, including in-person meetings, emails, video conferences, phone calls, instant messaging, and collaborative platforms like Microsoft Teams or Slack. Project managers must also adapt their communication style to suit different audiences, ensuring clarity when discussing project updates with team members, stakeholders, clients, or executives. Their communication involves reporting progress, addressing risks, resolving conflicts, motivating the team, and managing expectations. Additionally, they must facilitate regular status meetings, issue tracking updates, and feedback sessions, ensuring that everyone involved in the project remains aligned on goals, tasks, and deadlines.

  Communication is the most important leadership skill a project manager should possess, but not the only one. Project managers need many skills, including administrative skills, organizational skills, and technical skills associated with the project’s technology. The types of skills and the depth of the skills needed are closely connected to the size and complexity of the project. Each project must be tailored to various factors, including the purpose, objectives, business field, size, complexity, and stakeholders. Although project managers always need interpersonal skills to communicate and collaborate effectively with the team members and stakeholders, they need greater technical skills on smaller, less complex projects. Project managers need more organizational skills to deal with the complexity of larger and more complex projects.

  Leadership skills involve guiding, motivating, and directing a team. Leadership is defined as a social (interpersonal) influence relationship between two or more persons who depend on each other to attain certain mutual goals in a group situation. Effective leadership helps individuals and groups achieve their goals by focusing on the group’s maintenance needs (the need for individuals to fit and work together by having, for example, shared norms) and task needs (the need for the group to make progress toward attaining the goal that brought them together)[2]. These skills include negotiation, resilience, communication, problem-solving, critical thinking, and interpersonal skills.

  A large part of the project manager’s role involves dealing with people. Hence, project managers should study people’s behaviors and motivations. Project managers must be perceived to be credible by the project team and stakeholders. They should detect and clarify the ambiguities effectively to remove the obstacles. The environment changes frequently on projects, and the project manager must apply the appropriate leadership approach for each situation. They must have good communication skills. Lack of communication, team-building, and organizational skills would cause problems in a project and could lead to failure.

  Let’s use the analogy of a music conductor, which is a perfect example to convey the responsibilities and skills of a project manager. An orchestra conductor coordinates a variety of performers who play different instruments and should ensure that the audience enjoys the music on the day of the performance. It may be a chamber orchestra composed of 25 musicians or a large one like a symphony orchestra with up to 100 members. The conductor cannot know how to play all the instruments in an orchestra, but only one or a few. However, the conductor must ensure that all the performers playing the instruments, including but not limited to violins, violas, cellos, double basses, flutes, oboes, clarinets, kettledrums, and harps must create a piece of music in harmony so that the audience can enjoy. Conductors perform many rehearsals with all the performers to achieve this harmony. During these rehearsals and the performance, most of the conductor’s work would be regarding communication with all the performers.

  The project manager leads the project team during a project life cycle. As explained in Chapter 2, project managers may start working in the pre-project phase (preparation of a need statement, business case, and benefits realization management plan) to assess the feasibility of candidate projects, especially when the organization has a dedicated PMO (Project Management Office) or has a strong matrix or project-oriented structure. However, in general, project managers are assigned to the initiation (starting, conceptualization) phase or the planning phase after the project charter is approved by the project sponsor. A project manager may be involved after the project is closed out to evaluate the performance of the outcome and, more importantly, to evaluate if the outcome can generate the expected value (both tangible and intangible values as detailed in measurable project objectives). Although we use the term “project manager” in this textbook, you can come across various concepts such as project leader, project lead, and project coordinator in other resources and also in this textbook in different sections. We assume in this textbook that a project manager is also a project leader and should possess interpersonal leadership skills.

  In the following subsections, we will focus on leadership and interpersonal skills a project manager should possess.

  
    6.4.1 
    Listening
  

  One of the most important communication skills of the project manager is the ability to listen actively. Active listening is placing oneself in the speaker’s position as much as possible, understanding the communication from the speaker’s point of view, observing and paying attention to the body language and other environmental cues, and striving not just to hear but to understand. Active listening takes focus and practice to become effective. It enables a project manager to go beyond the basic information being shared and develop a more complete understanding.

  
    
      
        Example: Client’s Body Language
        
          [3]
        
      

    

    
      We work with a client on a project. The person in charge of the project at the client company just returned from a trip to Australia, where he reviewed the project’s progress with his company’s board of directors. Then, he visited our office for a meeting with our project team. The project manager listened and took notes on the five concerns the board of directors expressed to him during his visit to Australia.

      Our project manager observed that the client’s body language showed more tension than usual. This was a cue to listen very carefully. The project manager nodded occasionally and demonstrated he was listening through his posture, small agreeable sounds, and body language. The project manager then began to provide feedback on what was said using phrases like “What I hear you say is…” or “It sounds like.…” The project manager was clarifying the message that was communicated by the client.

      The project manager then asked more probing questions and reflected on what was said. “It sounds as if it was a very tough board meeting.” “Is there something going on beyond the events of the project?” From these observations and questions, the project manager discovered that the board of directors meeting in Australia did not go well. The company had experienced losses on other projects, and budget cuts meant fewer resources and an expectation that the project would finish earlier than planned. The project manager also discovered that the client’s future with the company would depend on the project’s success. The project manager asked, “Do you think we need to do things differently?” They began to develop a plan to address the board of directors’ concerns.

      Through active listening, the project manager was able to develop an understanding of the issues that emerged from the board meeting and participate in developing solutions. Active listening and the trusting environment established by the project manager enabled the client to share information he had not planned on sharing safely and to participate in creating a workable plan that resulted in a successful project.

    

  

  In the example above, the project manager used the following techniques:

  
    	Listening intently to the words of the client and observing the client’s body language

    	Nodding and expressing interest in the client without forming rebuttals

    	Providing feedback and asking for clarity while repeating a summary of the information back to the client

    	Expressing understanding and empathy for the client

  

  Therefore, as seen in the example, active listening was important in establishing a common understanding from which an effective project plan could be developed.

  
    6.4.2 
    Negotiation
  

  When multiple people are involved in an endeavor, differences in opinions and desired outcomes naturally occur. Negotiation is a process for developing a mutually acceptable outcome when the desired outcome for each party conflicts. A project manager often negotiates different aspects of a project (e.g., scope, schedule, budget, quality, purchases, conflicts with stakeholders) with the client, team members, vendors, and other project stakeholders. Negotiation is an important skill in developing support for the project and preventing frustration among all parties involved, which could delay or cause project failure. Negotiation is used to achieve support or agreement that supports the project’s work or its outcomes and to resolve conflicts within the team or with other stakeholders.

  Negotiations involve four principles:

  
    	Separate people from the problem: 	Framing the discussions in terms of desired outcomes enables the negotiations to focus on finding new outcomes.



    	Focus on common interests: 	By avoiding the focus on differences, both parties are more open to finding acceptable solutions.



    	Generate options that advance shared interests: 	Once the common interests are understood, solutions that do not match either party’s interests can be discarded, and solutions that may serve both parties’ interests can be more deeply explored.



    	Develop results based on standard criteria: 	The standard criterion is the project’s success. This implies that the parties develop a common definition of project success.



  

  For the project managers to successfully negotiate issues on the project, they should first seek to understand the other party’s position. They should figure out the concerns and expectations of team members or stakeholders with whom they will negotiate, as well as the business drivers and personal drivers that are important to them. Without this understanding, finding a solution that will satisfy them is difficult. Project managers should also seek to understand the desired outcomes for the project. Typically, more than one outcome is acceptable. Without knowing what outcomes are acceptable, finding a solution that will produce that outcome is difficult.

  
    6.4.3 
    Conflict Management
  

  Conflict on a project can be expected for various reasons, such as the level of stress, lack of information during the early phases of the project, personal differences, role conflicts, and limited resources. Although good planning, effective communication, and healthy team building can reduce conflict, conflict will still emerge. Therefore, project managers must be prepared to deal with the conflicts effectively.

  One of the well-known conflict management models is the Thomas-Kilmann Conflict Mode Instrument (TKI), which assesses an individual’s behavior in conflict situations when the concerns of two people appear to be incompatible[4]. This model is based on two dimensions describing a person’s conflict behavior.

  
    	Assertiveness: The extent to which the individual attempts to satisfy his or her own concerns.

    	Cooperativeness: The extent to which the individual attempts to satisfy the other person’s concerns.

  

  According to the different levels of these two dimensions, the model defines five methods to deal with conflicts (Figure 6.1).

  
    [image: Figure 6.1 demonstrates five strategies to deal with conflicts. The horizontal axis shows cooperativeness. The vertical axis shows assertiveness.]
    Figure 6.1 Thomas-Kilmann Conflict Mode Instrument

  

  Competing (forcing) is assertive and uncooperative. It is a power-oriented mode in which an individual pursues their own concerns at the other person’s expense, using whatever power seems appropriate to win their position.

  Collaborating is both assertive and cooperative. An individual attempts to work with the other person to find a solution that fully satisfies both concerns. It involves digging into an issue to identify the underlying concerns of the two individuals and finding an alternative that meets both sets of concerns.

  Compromising is intermediate in both assertiveness and cooperativeness. The objective is to find an expedient, mutually acceptable solution that partially satisfies both parties. Compromising might mean splitting the difference, exchanging concessions, or seeking a quick middle-ground position.

  Avoiding is unassertive and uncooperative. When avoiding, an individual does not immediately pursue their own concerns or those of the other person. They do not address the conflict. Avoiding might be diplomatically sidestepping an issue, postponing an issue until a better time, or simply withdrawing from a threatening situation.

  Accommodating is unassertive and cooperative, which is the opposite of competing. In this mode, an individual neglects his or her own concerns to satisfy the other person’s concerns. Therefore, there is an element of self-sacrifice.

  Each of these approaches can be effective and useful depending on the situation. Project managers will use each conflict resolution approach depending on the project manager’s personal approach and an assessment of the situation. Most project managers have a default approach that has emerged over time and is comfortable. For example, some project managers find using the project manager’s power the easiest and quickest way to resolve problems. “Do it because I said so” is the mantra for project managers who use competing as the default approach to resolving conflict. The competing approach often succeeds when a quick resolution is needed, and the investment in the decision by the parties involved is low. Some project managers find accommodating the client the most effective approach to resolving conflict.

  Two examples have been provided below to elaborate on project conflict resolution methods.

  
    
      
        Resolving an Office Space Conflict
        
          [5]
        
      

    

    
      Two senior managers both want the office with the window. The project manager intercedes with little discussion and assigns the window office to the manager with the most seniority. The situation was a low-level conflict with no long-range consequences for the project and a solution all parties could accept. Therefore, the project manager applied the competing (forcing) method. Sometimes office size and location are culturally important, requiring more investment to resolve.

    

  

  
    
      
        Conflict Over a Change Order
        
          [6]
        
      

    

    
      The client rejected a request for a change order because she thought the change should have been foreseen by the project team and incorporated into the original scope of work. The project controls manager believed the client was using her power to avoid an expensive change order and suggested the project team refuse to do the work without a change order from the client. This is a more complex situation, with personal commitments to each side of the conflict and consequences for the project. The project manager needs a conflict resolution approach that increases the likelihood of a mutually acceptable solution for the project.

      One conflict resolution approach involves evaluating the situation, developing a common understanding of the problem, developing alternative solutions, and mutually selecting a solution. Evaluating the situation typically includes gathering data. In this example, gathering data would include a review of the original scope of work and possibly of people’s understandings, which might go beyond the written scope.

      The second step in developing a resolution to the conflict is to restate, paraphrase, and reframe the problem behind the conflict to develop a common understanding of the problem. In our example, the common understanding may explore the change management process and determine that the current change management process may not achieve the client’s goal of minimizing project changes. This phase is often the most difficult and may take an investment of time and energy to develop a common understanding of the problem.

      Alternative approaches are developed after the problem has been restated and agreed on. This creative process often means developing a new approach or changing the project plan. The result is a resolution to the conflict that is mutually agreeable to all team members. If all team members believe every effort was made to find a solution that achieved the project charter and met as many of the team member’s goals as possible, there will be a greater commitment to the agreed-on solution.

    

  

  
    6.4.4 
    Trust
  

  Building trust in a project begins with the project manager. Assigning a project manager with a high trust reputation on complex projects can help establish the trust level needed. The project manager can also establish the cost of lying in a way that communicates an expectation and a value for trust in the project. Project managers can also ensure that the official goals (stated goals) and operational goals (goals that are reinforced) are aligned. The project manager can create an atmosphere where informal communication is expected and reinforced.

  Informal communication is important for establishing personal trust among team members and with the client and other stakeholders. Allotting time during project start-up meetings to allow team members to develop personal relationships is important to establishing team trust. The informal discussion allows for a deeper understanding of the whole person and creates an atmosphere where trust can emerge.

  Small events that reduce trust often occur on a project without anyone remembering what happened to create an environment of distrust. Taking fast and decisive action to establish a high cost of lying, communicating the expectation of honesty, and creating an atmosphere of trust are critical steps a project manager can take to ensure the success of complex projects.

  Project managers can also establish expectations of team members to respect individual differences and skills, look and react to the positives, recognize each other’s accomplishments, and value people’s self-esteem to increase a sense of benevolent intent.

  
    6.4.5 
    Emotional Intelligence (EQ)
  

  Emotions are neither positive nor negative. Emotions are both a mental and physiological response to environmental and internal stimuli. Project managers must understand and value their emotions to appropriately respond to the client, project team, stakeholders, and project environment. Daniel Goleman (Goleman, 1995) discussed emotional intelligence quotient (EQ) as a factor more important than IQ in predicting leadership success[7]. Emotional intelligence is the ability to sense, understand, and effectively apply the power and acumens of emotions as a source of human energy, information, connection, and influence (Cooper and Sawaf, 1997)[8].

  Emotional intelligence includes the following:

  
    	Self-awareness

    	Self-regulation

    	Empathy

    	Relationship management

  

  Emotions are important to generating energy around a concept, building commitment to goals, and developing high-performing teams. Emotional intelligence is an important part of the project manager’s ability to build trust among the team members and with the client. It is important to establish credibility and open dialogue with project stakeholders. Emotional intelligence is a critical ability for project managers, and the more complex the project profile, the more important the project manager’s EQ becomes to project success.
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6.5 Leadership Styles and Servant Leadership


  
  Leadership is a function of the leader’s personal characteristics and the environment in which the leadership must occur. Several researchers have attempted to understand leadership from the perspective of the leader’s characteristics and the situation’s environment. These researchers described leaders as autocratic or democratic[1], as pathfinders (visionaries), problem solvers (analytical), or implementers (team-oriented)[2], and as either transactional (focused on actions and decisions) or transformational (focused on the long-term needs of the group and organization)[3].

  Fred Fiedler introduced contingency theory and the ability of leaders to adapt their leadership approach to the environment[4]. Most leaders have a dominant leadership style that is most comfortable. For example, most engineers spend years training in analytical problem-solving and often develop an analytical approach to leadership. A leadership style reflects personal characteristics and life experiences. Although a project manager’s leadership style may be predominantly a pathfinder (using Leavitt’s taxonomy), most project managers become problem solvers or implementers when they perceive the need for these leadership approaches. The leadership approach incorporates the dominant leadership style and Fiedler’s contingency focus on adapting to the project environment.

  PMBOK Guide 6th Edition provides a list of leadership styles as below:

  
    	Laissez-faire: Leaders allow the team to make their own decisions and establish their own goals. It is also referred to as taking a hands-off style.

    	Transactional: Leaders focus on goals, feedback, and accomplishment to determine rewards.

    	Servant: Leaders demonstrate a commitment to serve and put other people first. They focus on other people’s growth, learning, development, autonomy, and well-being. They concentrate on relationships, community, and collaboration.

    	Transformational: Leaders empower followers through idealized attributes and behaviors, inspirational motivation, encouragement for innovation and creativity, and individual consideration.

    	Charismatic: Leaders are able to inspire with high energy. They are enthusiastic and self-confident and hold strong convictions.

    	Interactional: This leadership style is a combination of transactional, transformational, and charismatic leadership styles.

  

  Among them, the “Agile Practice Guide” highlights the servant leadership style, particularly for the agile project management approach[5]. Although servant leadership isn’t unique to agile, project managers and organizations can observe and experience that this leadership style integrates into the agile mindset value. As the name refers, servant leaders serve those on the team by promoting self-awareness, listening, helping team members and stakeholders improve themselves, coaching rather than controlling, facilitating coordination, removing obstacles and organizational impediments in front of the team, the members, and the project, promoting safety, respect, and trust, and promoting the energy and intelligence of others. We will discuss this leadership style more in Chapter 12, “Agile Project Management”.

  No particular leadership approach is specifically appropriate for managing a project. Each project has a unique set of circumstances because, by definition, projects are unique endeavors. The leadership approach and the management skills required to be successful vary depending on the complexity profile of the project. The Project Management Institute published research on project management leadership skills. It concluded that project managers needed good communication skills and the ability to build harmonious relationships and motivate others[6]. Beyond this broad set of leadership skills, the successful leadership approach will depend on the project profile.

  A transactional project manager with a strong command and control leadership approach may succeed on a small software development or construction project where tasks are clear, roles are well understood, and the project environment is cohesive. This same project manager is less likely to succeed on a larger, more complex project with a diverse team and complicated work processes.

  Each project phase may also require a different leadership approach. When new team members are first assigned to the project during the start-up phase, the project may require a command and control leadership approach. Later, as the project moves into the conceptual development phase, creativity becomes important, and the project management takes on a more transformational leadership approach. Most experienced project managers can adjust their leadership approach to the needs of the project phase. Occasionally, on very large, complex projects, some companies will change project managers after the project’s conceptual phase to bring in a different project leadership approach or change project managers to manage the project’s closeout. Changing project managers may bring the right experience level and the appropriate leadership approach, but it is also disruptive to a project. Senior management must balance the benefit of matching the right leadership approach with the cost of disrupting the project.
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6.6 Creating a Project Culture


  
  Project managers have a unique opportunity during the start-up of a project. They create a project culture, something organizational managers seldom have a chance to do. In most organizations, the corporate or organizational culture has developed over the organization’s life, and people associated with the organization understand what is valued and what behaviors are expected. Edgar Schein defined culture as a pattern of basic assumptions formed by a group on how to perceive and address problems associated with both internal adaptation and external integration[1]. While organizational culture constrains, stabilizes, and provides structure, it is constantly enacted, created, and shaped by leadership behavior.

  A project culture represents the project team’s shared norms, beliefs, values, and assumptions. Understanding the unique aspects of a project culture and developing an appropriate culture to match the project are important project management abilities. Culture is developed by communicating the priority, status, and alignment of official and operational rules. Official rules are the rules that are stated, and operational rules are the rules that are enforced. Project managers who align official and operational rules are more effective in developing a clear and strong project culture because the rules are among the first aspects of the project culture to which team members are exposed when assigned to the project. In addition to official and operational rules, the project leadership can communicate what is important by using symbols, storytelling, rituals, rewards or punishments, and taboos.

  
    
      
        Operational Rules on a Project in India
        
          [2]
        
      

    

    
      During the initiation of a project in India, members of the project team were given a policy that stated all travel expense claims must be submitted within three days of completion of travel. During the first few weeks, the administrative team began to understand that this was a difficult policy to enforce without creating moral problems for the project. Instead of changing the official rule, it was seldom enforced. The official rules and operational rules differed.

      Later in the project, a worker was injured after crossing an area that was marked as unsafe. Workers indicated that they knew the official rules, but getting around the unsafe area took too long. They assumed that official rules could be ignored if they were difficult to obey. The difference between the official and operational rules of the project created a culture that made communicating the priorities more difficult.

    

  

  
    
      
        Creating a Culture of Safety
        
          [3]
        
      

    

    
      A project manager in South America who wanted to create a strong safety culture on a construction project with significant safety concerns used several methods to create the desired culture. The very first meeting that project team members attended was a safety orientation. Members were issued a card—a symbol—after the meeting granting permission to participate in the project. The project leadership team told stories of previous projects where people were fired for breaking safety rules and often warned that the fastest way to get fired on the project was to break a safety rule—an example of storytelling. Every project meeting started with a discussion of a safety topic—a ritual—and any discussion of lessening the safety rules was forbidden—taboo—and was quickly and strongly cut off by the project leadership if it occurred.

    

  

  Both examples above show that culture guides behavior and communicates what is important and useful for establishing priorities. On projects with a strong safety culture, team members feel free to challenge anyone who breaks a safety rule, even managers. The safety aspects of culture are stronger than the cultural aspects of the power of management.

  
    6.6.1 
    Culture of Stakeholders
  

  When stakeholders do not share a common culture, project management must adapt its organizations and work processes to cope with cultural differences. Three major aspects of cultural differences that can affect a project are communications, negotiations, and decision-making. Communication is perhaps the most visible manifestation of culture. Project managers encounter cultural differences in communication in language, context, and candor. Language is the highest barrier to communication. When project stakeholders do not share the same language, communication slows down and is often filtered to share only information that is deemed critical. The barrier to communication can influence project execution, where a quick and accurate exchange of ideas and information is critical. The interpretation of information reflects how context and candor influence cultural expressions of ideas and understanding of information. In some cultures, an affirmative answer does not always mean yes. Cultural influence can create confusion in a project where stakeholders share more than one culture. It is important to keep in mind that not all cultural differences are related to international projects. Corporate cultures and even regional differences can create cultural confusion on a project.

  
    
      
        Culture Affects Communication in Mumbai
        
          [4]
        
      

    

    
      A project management consultant from the United States was asked to evaluate the effectiveness of a U.S. project management team executing a project in Mumbai, India. The project team reported that the project was on schedule and within budget. After a project review meeting where each of the engineering leads reported that the design of the project was on schedule, the consultant began informal discussions with individual engineers and began to discover that several critical aspects of the project were behind schedule and without a mitigating strategy, the project would miss a critical window in the weather between monsoon seasons. The information on the project flowed through a cultural expectation to provide positive information. The project was eventually canceled by the U.S.-based corporation when the market and political risks increased.
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6.7 Developing and Managing a Project Team


  
  A team is “a group of individuals who interact interdependently and who are brought together or come together voluntarily to achieve certain outcomes or accomplish particular tasks”[1]. Organizations utilize teams to establish novel combinations of people working on unique problems and generate critical decisions as outcomes[2]. Much of the work performed today in organizations requires a focus on teamwork. The ability to work successfully as a team member, as well as the ability to lead teams, is an ultimate advantage within the workforce. Teams must be managed to succeed, in addition to managing just the individuals. We’ve all heard the quote originally coined by Aristotle: “The whole is greater than the sum of its parts.” This captures the nature of the team perfectly—such a synergy comes from a team that the individuals alone cannot create.

  A team is a collaboration of people with different personalities led by a person with a favored leadership style. Managing the interactions of these personalities and styles as a group is an important aspect of project management. The project team is made up of people dedicated to the project. The team members are generally borrowed from other departmental units or are recruited from outside the organization. They may work full-time, part-time, or in some activities when their skills are needed. As discussed in Chapter 3, “Project Initiation,” the formal organizational structure would substantially impact how project teams are created and managed. In a functional organization, project managers may have low authority and control over the resources and budget. Besides, they may not work full-time as a project manager as they may still carry out the routine tasks of their functional unit. The main advantage of a functional organization type is that the project manager can acquire qualified and experienced human resources from other functional departments. A strong matrix organization type adds a Project Management Office (PMO) or a designated program management office besides functional departments. This department employs full-time project managers with a designated job role. They manage the project budget, and their authority becomes moderate to high. They can also have a full-time administrative staff. This organizational structure may be preferred by many project managers since they can still acquire qualified and experienced team members from functional departments inside the organization. A strong matrix structure may suggest more opportunities for a project manager among functional, weak matrix, strong matrix, and project-oriented organization types. However, a project manager needs to keep in mind and consider various internal and external factors as well as organizational politics.

  In particular, project managers may have difficulties dealing with project team members in the functional, weak matrix, and balanced matrix organization types. Since these members are borrowed from other units, they may work on the project for less than 100% of their time, and project managers may not be their direct supervisors. Their priorities may be elsewhere. Thus, their dedication to the project objectives and activities couldn’t reach the level project managers expect them to accomplish their tasks and responsibilities as desired. They may be juggling more than one project as well as their full-time job and have difficulty meeting deadlines.

  Project managers must provide leadership, direction, and support to team members as they accomplish their tasks. Working closely with the team to solve problems can help project managers learn from the team and build rapport. As some of them have been explained above in the “Leadership Skills” section, managing project team members requires interpersonal skills. Here are some suggestions that can help with more effective team management:

  
    	Involve team members in project planning.

    	Arrange to meet privately and informally with each team member at several points in the project, perhaps for lunch or coffee.

    	Be available to hear team members’ concerns at any time.

    	Encourage team members to pitch in and help others when needed.

    	Complete a project performance review for team members.

  

  
    6.7.1 
    Team Development Stages
  

  One of the models used to describe team development is the Tuckman ladder. According to Tuckman (1965), small groups go through four stages of development: forming, storming, norming, and performing[3]. As a result of a literature review of fifty-five articles, Tuckman (1965) proposed a model of developmental stages for group settings over time. With respect to the group structure, he labeled these stages as (1) testing and dependence, (2) intragroup conflict, (3) development of group cohesion, and (4) functional role relatedness. Accordingly, he labeled the stages of task activity as (1) orientation to task, (2) emotional response to task demands, (3) open exchange of relevant interpretations, and (4) emergence of solutions. An essential correspondence between the perspectives of group structure and task activity caused Tuckman to summarize the group stages as “forming,” “storming,” “norming,” and “performing.” These four stages covered both group interpersonal and task activities. Tuckman and Jensen (1977) added the fifth stage as adjourning after they reviewed twenty-two studies[4].

  The first stage, forming, is characterized by orientation to the group setting, testing the boundaries of interpersonal and task behaviors of other members, and a dependency relationship with the leader. Following the forming stage, the storming stage is characterized by conflict and polarization around interpersonal issues, with concomitant emotional responses in the task sphere. These behaviors with hidden agendas and prejudices serve as resistance to group influence and task requirements. In the third stage, norming, resistance to authority is overcome, in-group feeling and cohesiveness develop, new standards evolve, and new roles are adopted. In the performing stage, group energy is channeled into the task after the structural issues are resolved, and the structure becomes supportive of task performance. The last stage, adjourning, indicates the completion of the project where groups disband, and team members are reassigned to other projects or tasks.

  Although these classic stages in group development may not be apparent for all groups, and not all groups may follow them, they would be useful for predicting team performance (Mannix and Jehn, 2004) as well as conflicts and harassment cases within an organized framework[5]. Besides, not all the teams could experience all stages, and they may spend different times in stages [6]. Some teams may also face challenges in transitioning from one stage to another, such as moving toward the norming stage from the storming stage.

  Nevertheless, all teams can find themselves in the performing stage while some of them would spend substantially longer, which could lead them to a higher achievement rating. Johnson et al. (2002) proposed an iterative group development model based on Tuckman’s model[7]. In their model based on student virtual learning teams, there was no evidence of the storming stage for all student teams due to rapid movement between each stage, given the limited time to accomplish assignments. Thus, teams moved along forming, norming, and performing stages and they resolved the conflict when it arose among team members. After the conflict was resolved, teams continued the process of forming, norming, and performing.

  
    6.7.2 
    Virtual Teams
  

  Advances in ICTs (Information and Communication Technologies) have enabled the creation and utilization of virtual teams (VTs) within organizations in the last three decades [8]. The advent of the Internet, accompanied by various ICTs, and the emergence of the COVID-19 pandemic by the end of 2019 accelerated the process of digitalization for people, organizations, and governments. Thus, the adoption and spread of ICTs worldwide across organizations and countries increased exponentially. The utilization of global virtual teams (GVTs) in organizations increased to unprecedented levels. 94% of CultureWizard’s Global Virtual Work Survey respondents indicated they want to continue working from home—at least part time[9]. These advances ensured that organizations designed their teams to be composed of members from different geographic locations and organizations virtually beyond a setting of the same location (Berry, 2011)[10]. Nevertheless, even though ICTs are prerequisites of VTs, other factors were also prominent in the process of shifting from traditional face-to-face teams to VTs. Some of these factors could be listed as increased use of horizontal organizational structure, the emergence of environments that require inter-organizational cooperation, continued shift from production to service and knowledge-intense work environments, and increasing globalization of trade and corporate activity (Townsend et al., 1998)[11].

  Virtual interactions and virtual teams cannot be considered identical concepts. Virtual interactions also occur extensively in collocated teams, such as the widespread exchange of emails in the same office. A VT can be distinguished from a face-to-face team in several ways. The most prominent factor would be using ICTs as the primary communication and collaboration medium. Taking into consideration the utilization of ICTs, VT members are less likely to observe physical behaviors (e.g., gestures and intonation), which face-to-face team members rely upon to establish and sustain trust[12]. Virtual teams have various benefits such as task, resource and schedule flexibility, access to and bringing specialized skills and diverse experiences together in a relatively short time, enhanced knowledge sharing and repository, easier documentation of performance outcomes, and opportunities for accelerated problem-solving and solution finding[13]. Virtual teams employ experts who have acquired more flexibility in temporal and spatial aspects since they save time by not traveling to meet their teammates. These time and cost-saving effects and flexible work schedule benefits are also commonly observed for the teleworkers who work outside of the office by means of virtual communication tools such as teleconferences, videoconferences, and intranets with remote log-in[14]. Bridging time and space allows the team to respond rapidly and adjust to new tasks. Human resources can be distributed more efficiently without physically relocating employees, thus leading to better utilization of human resources. Although flexibility is assumed to generate positive outcomes, it may cause inherent obstacles for virtual teams. The lack of shared work history among team members and less face-to-face interaction could create trust issues in virtual teams.

  While virtual teams can be confined to a region in a country or the entire country, they can extend beyond national and continental borders when members of VTs work and live in different countries[15]. One of the advantages of flexibility in GVTs is easier access to skilled experts all around the world. This ensures the availability of resources in other parts of the world when scarcity exists in the organization’s or project’s geographical area. The dispersed structure of GVT members around the globe allows a 24-hour relay workflow (Carmel et al., 2010)[16]. For instance, members in Asia and Australia can work on the project during business hours. They can pass the work on to their colleagues in Europe and Africa for further processing, and then, they can pass it on to their colleagues in the Americas, who can work on it while their more eastern team members are asleep. This follow-the-sun approach creates a cycle of work through which GVT members pass the work on to the members in Asia and Australia, where the 24-hour relay starts again (Carmel et al., 2010).

  Despite the unprecedented benefits, mostly owing to the developments in ICTs, the virtual nature of these teams is not immune to the challenges to effective collaboration and team outcomes (Alsharo et al., 2017). One of the essential challenges in virtual work is the elimination of face-to-face meetings that would otherwise help team members build interpersonal relationships (Cummings and Dennis, 2018)[17]. Lack of first impressions of other team members might substantially impact the team’s formation and functioning, as well as the outcome of the teamwork. Cummings and Dennis (2018) contended that virtual team members examine each other’s profiles on enterprise social networking sites to get acquainted with them, otherwise not possible in a dispersed team. Some of the problems that GVTs and their members might encounter can be enumerated as lack of trust, language and time barriers, cultural differences, lack of onsite monitoring, lack of tone and body language, and different interpretations by the members due to the lack of cues. Eventually, if these likely challenges are not addressed by the GVT leaders and upper hierarchical levels in the organization, virtual teams may cause disadvantages to the team members’ well-being and job satisfaction, and team performance.

  Team diversity or heterogeneity might have either a positive or negative impact on a team’s performance. Although team diversity could exacerbate the conflict and emotional reactions in GVTs (Ayoko et al., 2012)[18], and team members can build higher trust and cohesiveness in homogeneous teams (Drescher and Garbers, 2016)[19], team diversity, on the contrary, could improve GVT effectiveness (Jimenez et al., 2017). The team members’ diverse backgrounds could provide representation and exchange of different opinions and perspectives within the team. Hence, this process can create value by providing a more extensive range of information sources, thus aiding creativity, problem-solving, and a higher level of organizational learning and synergy (Berry, 2011; Jimenez et al., 2017).

  CultureWizard’s Global Virtual Work Survey pointed to complications in GVTs, such as difficulty in building relationships (37%), managing conflict (33%), and lack of responsiveness from team members (20%). The survey also highlighted an issue with the technology as it cannot completely erase the barriers of miscommunication. The survey indicated that 75% of respondents use webcams to compensate for the lack of face-to-face contact. Still, webcams come with complications, such as ambient noise, feeling pressure to look attentive and professional on camera, and technical issues, such as insufficient bandwidth or difficulty operating new software.
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6.8 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	Project managers spend 90% of their time communicating with team members and stakeholders.

        	ICTs (Information and Communication Technologies) can facilitate faster and better communication or become a barrier if they are not well understood and applied appropriately.

        	The communication management plan documents the types of information needs the stakeholders have, when the information should be distributed, how the information will be delivered with which frequency, who will receive it, and the format and technologies we will use to communicate.

        	If all the parties to the communication participate in the exchange simultaneously, the communication is synchronous. Many types of communication do not require the parties to be present simultaneously. This type of communication is asynchronous.

        	PMBOK Guide Sixth Edition differentiates between three skill sets that project managers should possess: technical project management, leadership, and strategic and business management.

        	Working with other people involves dealing with them both logically and emotionally.

        	Active listening is placing oneself in the speaker’s position as much as possible, understanding the communication from the speaker’s point of view, listening to the body language and other environmental cues, and striving not just to hear but to understand.

        	Negotiation is a process for developing a mutually acceptable outcome when the desired outcome for each party conflicts.

        	Thomas-Kilmann Conflict Mode Instrument (TKI) defines five methods of dealing with conflict on a scale of assertiveness and cooperativeness: (1) Competing, (2) Collaborating, (3) Compromising, (4) Avoiding, and (5) Accommodating.

        	Emotional intelligence is an important part of the project manager’s ability to build trust among the team members and with the client. It is important to establish credibility and open dialogue with project stakeholders.

        	Servant leaders serve by promoting self-awareness, listening, helping team members and stakeholders improve themselves, coaching rather than controlling, facilitating coordination, removing obstacles and organizational impediments in front of the team, the members, and the project, and promoting the energy and intelligence of others.

        	Project culture is developed by communicating priority, status, and the alignment of official and operational rules. It is enforced through the use of symbols, storytelling, rituals, rewards or punishments, and taboos.

        	A team is a collaboration of people with different personalities led by a person with a favored leadership style. Managing the interactions of these personalities and styles as a group is an important aspect of project management.

        	According to the Tuckman Ladder, teams pass through five stages – forming, storming, norming, performing, and adjourning.

        	One of the essential challenges in virtual work is the elimination of face-to-face meetings that would otherwise help team members build interpersonal relationships.

      

    

  

   

  




  
  





6.9 Multiple-Choice Questions


  
  There are 10 questions for this chapter.  You will get immediate feedback as you submit each answer and be taken to the next question.

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=169

  

  

  




  
  





6.10 Exercises


  
  
    
      Exercise 1: Project Leadership and Conflict Management at TechSolutions Inc.

    

    
      TechSolutions Inc. is a fictional leading technology company known for its innovative products and exceptional project management strategies. Recently, they embarked on a new project to develop a state-of-the-art software application. Sarah, an experienced project manager, was chosen to lead the project due to her outstanding leadership skills and technical expertise.

      During the project’s initial phase, Sarah emphasized the importance of clear communication within the team. She often quoted statistics, noting that project managers, as leaders, spend about 90% of their time communicating with team members and stakeholders. She believed in a collaborative approach, aligning with the PMBOK Guide’s recommendations to balance technical project management and leadership skills.

      However, as the project progressed, challenges arose. Two senior developers, Jake and Mia, disagreed over the software’s architectural design. Jake believed in a modular approach, while Mia argued for an integrated system. The conflict intensified, causing delays and disrupting the team’s harmony.

      Sarah recognized the importance of conflict management and decided to intervene. She was aware of the Thomas-Kilmann Conflict Mode Instrument (TKI) and decided to use its principles to address the situation. Sarah organized a meeting with Jake and Mia to discuss their concerns.

      During the meeting, Sarah encouraged both Jake and Mia to express their perspectives. She emphasized the importance of assertiveness in communicating individual concerns and cooperativeness in understanding the other person’s viewpoint. After a detailed discussion and exploration of both architectural approaches, Sarah facilitated a compromise. The team would adopt a hybrid model, incorporating elements from both modular and integrated systems.

      The solution resolved the conflict and led to an innovative software design that had the potential to revolutionize the market. Sarah’s leadership and conflict management skills played a pivotal role in turning a potentially destructive conflict into an opportunity for creativity and innovation.

      
        Questions:
      

      
        	What leadership quality did Sarah emphasize during the initial phase of the project?

        	What was the primary cause of conflict between Jake and Mia?

        	Which conflict management model did Sarah employ to address the disagreement?

        	What solution was derived to resolve the conflict between Jake and Mia?

        	How did Sarah’s leadership and conflict management skills contribute to the project’s success?

      

    

  

   

  
    
      Exercise 2: Leadership Styles at NovaTech

    

    
      NovaTech, a fictional global technology firm, was embarking on a significant venture: developing a groundbreaking Artificial Intelligence (AI) solution for healthcare diagnostics. Given the project’s complexity and high stakes, the company’s senior leadership team was contemplating the optimal leadership approach to ensure success.

      A senior project manager at NovaTech, Anna was recognized for her collaborative leadership approach. Drawing inspiration from various leadership theories, she believed that certain situations required leaders to be visionaries or pathfinders, emphasizing innovation and forward-thinking. This leadership style was characterized by fostering a collaborative environment, involving her team in brainstorming sessions, and promoting individual creativity.

      Conversely, Brian, another contender for the project leadership role, was known for a more structured approach. He believed in clear goals, regular feedback, and a reward system based on accomplishments. Brian’s approach was akin to leaders who emphasize problem-solving and implementation, ensuring tasks are executed efficiently.

      Recognizing the project’s initial phase’s innovative requirements, the management believed Anna’s visionary approach would be more beneficial. Anna promoted open communication once the project was underway, emphasizing feedback and continuous improvements. She also leaned heavily into a servant leadership style, prioritizing team and stakeholder relationships, community building, and collaboration.

      However, as the project transitioned to its execution phase, the team faced challenges, including disagreements over technical aspects. Recognizing the need for a more structured approach, Anna adopted a goal-oriented leadership style, setting clear targets and expectations for her team.

      The project’s multifaceted nature meant dealing with various stakeholders with unique expectations. Anna adeptly managed these relationships by blending various leadership styles, ensuring she communicated effectively, kept stakeholders informed, and addressed their concerns promptly.

      As the project neared completion, Anna reverted to her collaborative approach, encouraging team members to provide insights and feedback. This ensured the final product was not only technically robust but also holistic, encompassing diverse perspectives.

      The project’s resounding success was not solely due to the team’s technical expertise but also Anna’s adaptive leadership. Her ability to fluidly transition between leadership styles, catering to the project’s evolving needs, was instrumental in navigating challenges and driving the project to success.

      
        Questions:
      

      
        	What leadership approach did Anna primarily adopt during the project’s early phase, and why was this approach deemed suitable?

        	How did Anna address the team’s disagreements and delays during the project’s execution phase?

        	Outline Anna’s strategy for managing the diverse group of stakeholders involved in the project.

        	How did Anna’s adaptive leadership style correlate with the idea that leaders should adjust their approach based on situational needs?

        	How do you believe Anna’s flexible leadership approach contributed to the overall success of the project?

      

    

  

  




  
  





Chapter 7.  Scheduling




7.0 Learning Objectives & Overview


  
  
    
      Learning Objectives

    

    
      
        	Describe the process of creating a project schedule.

        	Define activities based on Work Breakdown Structure (WBS).

        	Describe how activities can be sequenced.

        	Elaborate on the techniques to estimate activity duration.

        	Create a network diagram by identifying the early start and early finish times, late start and late finish times, floats (slacks), and the critical path.

        	Practice on Microsoft Project to create a Gantt Chart and an Activity Network Diagram.

      

    

  

  Overview

  The project schedule is one of the triple constraints besides scope and cost (budget). A project manager is responsible for planning, developing, managing, monitoring, and controlling the project schedule to ensure that project objectives can be achieved and project outcomes can be delivered to the client and customers on time. Effective schedule management is integral to overall project success. The objective is to create a schedule that effectively and efficiently uses allocated resources to complete the project in the shortest possible time. In order to develop a schedule, we first need to create a plan to guide us during the project. Afterward, we should define the activities based on the WBS, sequence them in the right order, estimate the time it will take to complete these activities, and develop a schedule by creating a network diagram and Gantt chart.

  




  
  





7.1 Project Schedule Management Plan


  
  As described in Chapter 4, project planning is at the heart of the project life cycle and tells everyone involved where we are going and how we will get there. It involves creating a set of plans to help guide our team through the implementation and closure phases of the project. The project schedule management plan is one of the sub-plans of our overall project plan. It provides guidelines to project managers on developing a project schedule by defining and sequencing project activities and milestones and estimating activity durations. It is the process of establishing the policies, procedures, and documentation for planning, developing, managing, executing, and controlling the project schedule[1].

  A project schedule management plan can consist of the following:

  
    	
      Unit of measurement
      
        	Work hours, days, weeks, months

        	Daily working hours and shifts

        	Weekends and/or off-days

        	Local, national, and federal holidays

      

    

    	
      Creation of the activity list and attributes
      
        	Describe how activities and their attributes will be defined and who will be involved in this process.

      

    

    	
      Level of accuracy
      
        	Acceptable range to ensure realistic activity duration estimates

        	Evaluation of the impact of risks on the overall project duration and each individual activity duration based on the project risk management plan

        	Methods describing how the schedule contingencies will be assessed.

      

    

    	
      Activity duration estimates
      
        	Estimation methods (e.g., analogous, parametric, three-point, bottom-up)

      

    

    	
      Methods, tools, and software utilized to develop, manage, and monitor project schedule
      
        	Specify the organization’s procedures, policies, and resource calendars if they should be utilized.

        	Methods and tools such as Gantt Chart, WBS, project baseline, master and milestone schedule, Earned Value Management, and critical path method

        	Software such as Microsoft Project Professional, Excel, Visio, and Jira (for Kanban and Scrum), and online collaboration tools such as Monday, Trello, and Basecamp.

      

    

    	
      Rules and concepts to sequence activities and create an activity network diagram
      
        	Critical path method (Forward pass, backward pass, slacks)

        	Critical chain method

        	Predecessor dependencies (e.g., finish-to-start, start-to-start)

      

    

    	
      Rules for monitoring schedule performance
      
        	Earned Value Management (EVM)

        	Control thresholds for deviations from the parameters in the schedule baseline

        	Using software such as Microsoft Project

      

    

    	
      Reporting formats
      
        	Reporting formats and frequency should be in alignment with other project plans.

      

    

    	
      Approval of the schedule baseline
      
        	Who will be responsible for preparation and control?

        	Who will approve the schedule baseline?
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7.2 Defining Activities


  
  In line with the project schedule management plan, we should start scheduling the whole project by defining activities based on the WBS (Work Breakdown Structure). The activity definition process is a further breakdown of the work package elements of the WBS. It documents the specific activities needed to fulfill the deliverables detailed in the WBS. These activities are not the deliverables themselves but the individual units of work that must be completed to fulfill the deliverables. The definition of activity uses everything we already know about the project to divide the work into activities that can be estimated. We might want to look at all the lessons learned from similar projects our organization has done to get a good idea of what you need to do on the current one.

  Detailed planning begins by identifying all the tasks to be completed. The project team begins by reviewing the scope of the project, which is found in the project scope statement (predictive/waterfall projects) or the product backlog (see Chapter 12 for agile projects). A WBS allows the team to have a visual representation of the forthcoming work. As discussed in Chapter 4, the WBS is a powerful planning tool. By breaking the project down into smaller, more manageable components, the WBS assists project managers in identifying the specific tasks. The team then determines how long it will take to complete the required tasks.

  Expert judgment from project team members with prior experience and from stakeholders that can be consulted can help us define activities while developing project scope statements and WBS. If we are asked to manage a project in a new domain, we could use subject matter experts in that field to help define tasks to understand what activities will be involved. We may want to create an activity list and then have the expert review it and suggest changes. Alternatively, we could involve the experts from the very beginning. Please see “7.3 Estimating Activity Durations” for more explanation regarding expert judgment.

  Sometimes we start a project without knowing much about the work we will do later. Rolling-wave planning lets us plan and schedule only the portion we know enough about to plan well. When we don’t know enough about a project, we can use placeholders for the unknown portions until we know more. These extra items are put at high levels in the WBS to allow us to plan for the unknown.

  When we identify activities for the work packages, we can detail the activities in a project activity list, which lists everything that needs to be done to complete the project, including all the activities that must be accomplished to deliver each work package with activity attributes. This list can consist of, but is not limited to:

  
    	Activity identifier

    	WBS number

    	Activity title

    	Scope of Work

    	The person responsible (RACI chart can be used. See Chapter 5)

    	Related activities 	Higher level activities (WBS number)
	Lower level activities (WBS number)
	Predecessors (including dependencies, that are FS, FF, SF, SS)
	Successors (including dependencies, that are FS, FF, SF, SS)



    	Resource requirements

    	Activity location

    	Level of effort required

    	Activity assumptions

    	Activity constraints

  

  The example in Table 7.2.1 is based on the project charter we developed in Chapter 3 (Case Study 3.1: Project Charter of Grocery LLC’s Mobile-Commerce Project), and the WBS we developed in Chapter 4 (Case Study 4.1: WBS of Grocery LLC’s M-Commerce Project). Table 7.2.1 focuses on Activity 1.3, “Preparation of Project Charter” in the WBS. Under Activity 1.3, we determined six activities that can serve as the lowest level of activities, which are work packages. That would allow us to allocate resources, as stated in Chapter 8.

  Table 7.2.1: Activity List Template (Adapted from a template on www.projectmanagement.com)  	Activity List for Project “Grocery LLC’s M-Commerce Project”
  
 	Activity
 identifier 	Activity title 	Scope of Work 	Person Responsible 	Predecessors 
 	1.3 	Preparation of Project Charter 	The project charter will
 authorize the project manager to
 undertake the responsibility of the
 project and apply the resources to
 project activities will be prepared. 	Project
 Manager 	1.1
 1.2
 1.3 
 	1.3.1 	Develop high-level scope
 	The high-level scope consists of the
 project purpose, measurable project
 objectives, high-level requirements,
 project description, boundaries, key
 deliverables, assumptions and
 constraints. 	Team
 Member 1 	1.2 
 	1.3.2 	Identify overall
 project risks 	This includes the identification of
 the risks that affect the project in
 general. 	Team
 Member 2 	1.3.1 
 	1.3.3 	Develop high-level
 schedule 	This includes the estimation of the
 overall schedule with the summary
 milestones. 	Team
 Member 1 	1.3.1 
 	1.3.4 	Identify main
 resources and develop
 a high-level budget 	This includes the initial estimation
 of all resources (human resources,
 physical resources and services),
 and the budget. 	Team
 Member 2 	1.3.3 
 	1.3.5 	Identify key
 stakeholders and
 project team member
 roles 	Stakeholders with high-interest
 levels and/or power levels will be
 identified.
 The project team’s composition will
 be created. The qualifications required should be detailed.
 The project sponsor’s authority will
 be detailed. 	Team
 Member 3 	1.3.1
 1.3.2 
 	1.3.6 	Develop project
 approval
 requirements and
 project exit criteria 	Based on the project scope and
 other sections of the project charter,
 project approval requirements and
 exit criteria should be detailed.
 Exit criteria include the conditions
 that describe the early termination
 of the project. 	Team
 Member 1,
 2, 3 	1.3.1
 1.3.2
 1.3.3
 1.3.4
 1.3.5 
  

  We can explain each column available in Table 7.2.1 as below:

  Activity Identifier: Once the WBS is created for the project, the project team needs to develop the list of activities required to complete each work package. Each activity then needs to be assigned an Activity ID placed in this column. The activity ID is a reference identification number during planning, developing, and controlling the project schedule.

  Activity List: The name/unique label for the activity (in brief) is placed in this column.

  Scope of Work: The description of the work required to complete the activity is placed in this column (in as much detail as possible).

  Person Responsible: One person or more than one responsible for delivering the activity must be mentioned in this column. Having a primary and alternate team member assigned to this responsibility is always good.

  




  
  





7.3 Estimating Activity Durations


  
  After we define the lowest level of activities in an activity list, each activity is reviewed and evaluated to determine the duration (how long it will take to accomplish from beginning to end) and what resources (e.g., human resources, materials, facilities, and equipment) are needed. An estimate is an educated guess based on knowledge, experience, and inference—the process of deriving conclusions based on assumptions. The estimate’s accuracy is related to the quality of the knowledge and how that knowledge is applied. The person with the most knowledge may not be the most objective person to provide duration estimates. The person responsible for the work may also want extra time. Therefore, multiple inputs into the duration estimate and a more detailed WBS help reduce bias—making decisions based on a prejudged perspective.

  It is important here to highlight how a milestone differs from an activity. A milestone is a significant point or event in a project. Milestones have zero duration because they represent a significant point or event. A milestone list identifies all project milestones and indicates whether the milestone is mandatory, such as those required by contract, or optional, such as those based on historical information[1].

  The unit of time used to develop the activity duration is a function of the level of detail needed by the user of the schedule. The larger and more complex the project, the greater the need for detail, which usually translates into shorter durations for activities. However, it is common to use two types of units – one is days or weeks for activities, and hours to display the work hours.

  In this book, we can elaborate on five types of estimation methods:

  
    	Expert judgment: The project team consults domain and implementation subject matter experts who have technical knowledge and experience in the areas the project activities are related to. If we are developing a new mobile application, we can consult software engineers, developers and testers, and systems analysts who were involved in activities to develop other mobile applications. They can provide us with information regarding scheduling estimates for each activity we are planning to carry out.

  

  
    	Appropriation method (Analogous estimating): Actual durations from similar projects are reviewed, and the same proportions are applied to the current project. However, internal and external factors that affected the previous projects, as well as those that may affect the current project, should be taken into account. Identified risks, with their probability and impact considered, could significantly influence duration estimates for the current project.

  

  
    	Parametric estimating: In this estimation technique, we can use equations and algorithms to calculate the duration based on the resources we use and how many hours they need to work or how many of them we need to use. This method is quantitative. We can multiply the quantity of work to be performed by the number of hours per unit of work. If we can estimate the amount of work, we can divide it by the amount of work that can be done in an hour. For example, let’s assume that, in our m-commerce project, we estimated that software developers need to create 200 lines of code for a module. Based on the previous projects and the feedback from the subject matter experts, we have estimated that a developer can finish 40 lines in an hour. Therefore, a developer needs 5 hours to finish all 200 lines. We can also add a one-hour break and two-hour review for this task. Therefore, the total work hours amount to 8, translating to one day in our schedule. Another example is the installation of cables in an infrastructure project. If workers can install 100 feet of cable per hour, the duration required to install 1,000 feet would be 10 hours (1,000 feet divided by 100 feet per hour). This technique can produce higher levels of accuracy depending on the sophistication and underlying data built into the model. Parametric schedule estimates can be applied to a total project or segments of a project in conjunction with other estimating methods[2]. Entering data about the project into a formula, spreadsheet, or computer program produces a duration estimate by extrapolating information from a database of actual durations from past projects.

  

  
    	Three-point estimates: Duration estimates are done based on three scenarios: 	A realistic estimate (most likely to occur – m)
	An optimistic estimate (best-case scenario – o)
	A pessimistic estimate (worst-case scenario – p)



  

  Two distributions are possible in the three-point estimation method – triangular and beta. In triangular distribution, all three duration estimates get the same weight. In a beta distribution, the realistic estimate gets four-sixths of the weight, whereas the other two estimates have one-sixth of the weight.

  Triangular distribution:

  
    [image: ]
  

   

   

  Beta distribution:

  
    [image: ]
  

   

   

  Let’s estimate the duration of the “1.3 Preparation of Project Charter” sub-activities. Our team gathered together in a meeting to review and discuss alternative durations. We also consulted subject matter experts who work in relevant departments in our organization and external stakeholders with an interest and/or power. Our organization and the team had implemented software and website development projects and several mobile application development projects. Therefore, we have reports on the realized durations and lessons learned. So, we can start with analogous estimating first. As we have already worked on similar projects, that would facilitate the estimation process both for schedule and budget. We can place the historical information in the Most Likely column. Based on the expert judgment, lessons learned, and discussions during our team meeting, we determined pessimistic and optimistic durations in Table 7.3.1.

  Table 7.3.1: Estimating Activity Duration by Applying Three-Point Estimate Method 	Duration Estimation (in business days) 
 	Activity
 identifier 	Activity title 	Optimistic 	Most Likely 	Pessimistic 	Duration 
 	1.3.1 	Develop high-level scope 	3 	4 	6 	4.17 
 	1.3.2 	Identify overall project risks 	3 	5 	9 	5.33 
 	1.3.3 	Develop high-level schedule 	4 	6 	10 	6.33 
 	1.3.4 	Identify main resources and develop a high-level budget 	1 	2 	5 	2.33 
 	1.3.5 	Identify key stakeholders and project team member roles 	5 	7 	12 	7.50 
 	1.3.6 	Develop project approval
 requirements and project exit
 criteria 	3 	5 	9 	5.33 
  

  The computation of the duration for Activity 1.3.2 is shown below:

  
    [image: ]
  

   

   

  We can roll the duration estimates down or up to the nearest integral number.

  
    	WBS method (Bottom-up estimating): In this method, we start from the lowest level activities in the WBS – work packages. After we estimate the duration for all six activities (Table 7.3.1), we can find the duration of the parent activity, 1.3 “Preparation of Project Charter.” Adding duration for all six activities wouldn’t be an operation of adding all numbers (4+5+6+2+8+5), equal to 30 days. We must consider the dependencies between the activities, detailed in sections 7.4 and 7.5 of this chapter. Hence, we can find 22 days for 1.3. The same bottom-up estimating is applied to the activities (1.1., 1.2, 1.3, 1.4, 1.5), and the duration for “1. Scope” is 35 days. “1.6 Completion of the Scope Phase” is a milestone with zero duration. The overall duration for “1. Scope” is computed as 35 days, as seen in Table 7.3.2.

  

  Table 7.3.2: Schedule for Scope activities with durations rolled up in the higher levels 	WBS 	Activity Name 	Duration 	Start 	Finish 	Predecessors 
 	1 	Scope  	35 days 	Mon 5/2/22 	Mon 6/20/22 	 
 	1.1 	Clarify project purpose and determine project scope 	5 days 	Mon 5/2/22 	Fri 5/6/22 	 
 	1.2 	Secure project sponsorship 	1 day 	Mon 5/9/22 	Mon 5/9/22 	1.1 
 	1.3 	Preparation of project charter  	22 days 	Tue 5/10/22 	Wed 6/8/22 	 
 	1.3.1 	Develop high-level scope 	4 days 	Tue 5/10/22 	Fri 5/13/22 	1.2 
 	1.3.2 	Identify overall project risks 	5 days 	Mon 5/16/22 	Fri 5/20/22 	1.3.1 
 	1.3.3 	Develop high-level schedule 	6 days 	Mon 5/16/22 	Mon 5/23/22 	1.3.1 
 	1.3.4 	Identify main resources and develop a high-level budget 	2 days 	Tue 5/24/22 	Wed 5/25/22 	1.3.3 
 	1.3.5 	Identify key stakeholders and project team member roles 	8 days 	Mon 5/23/22 	Wed 6/1/22 	      1.3.1
       1.3.2
  
 	1.3.6 	Develop project approval requirements and project exit criteria 	5 days 	Thu 6/2/22 	Wed 6/8/22 	      1.3.1       1.3.2
       1.3.3
       1.3.4
       1.3.5
  
 	1.4 	Approval of project charter by the sponsor 	2 days 	Thu 6/9/22 	Fri 6/10/22 	1.3.6 
 	1.5 	Secure core resources 	5 days 	Mon 6/13/22 	Fri 6/17/22 	1.4 
 	1.6 	Completion of the scope phase 	0 days 	Mon 6/20/22 	Mon 6/20/22 	1.5 
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7.4 Creating an Activity Network Diagram


  
  After we define the activities and estimate their duration, we are ready to create an activity network diagram which is a graphical representation of the logical relationship (i.e., dependencies) among the project activities[1]. Duration estimation can also accompany the creation of an activity network. The process can be iterative, and the project team can move back and forth to refine the activities, durations, and relationships with other activities.

  Activities are carried out in order. Therefore, they have predecessors and successors. They have logical relationships or dependencies that show the sequence in which the activities are to be performed[2]. There are four relationships between activities, which can be indicated as “Finish-to-Start” (FS), “Finish-to-Finish” (FF), “Start-to-Start” (SS), and “Start-to-Finish” (SF). The most common relationship is Finish-to-Start, in which we start a successor activity once we finish the predecessor activity. Microsoft Project also uses FS as the default relationship. This topic has also been discussed in the MS Project tutorial in the section 7.6. An SF relationship is very rarely used.

  Showing the activities in rectangles or circles and their relationships (dependencies) as arrows is called a precedence diagramming method (PDM). This kind of diagram is called an activity-on-node (AON) diagram (Figure 7.4.1). Another way to show how tasks relate is with the activity-on-arrow (AOA) diagram (Figure 7.4.1). AOA diagram is traditionally drawn using circles as the nodes, representing the beginning and ending points, and the arrows representing activities. AON is more commonly used and is supported by all project management programs. In this textbook, as is also used by PMBOK Guide Sixth Edition, we are using AON diagrams to create activity network diagrams. Although we used circles in Figure 7.4.1 for AON, the most common implementation is to use rectangles. Microsoft Project uses rectangles as well.

  
    [image: Figure 7.1 exhibits two types of activity networks. The one at the top shows Activities on Arc (AOA). The one at the bottom shows Activities on Node.]
    
      Figure 7.4.1: Activity Networks (either on Arc or Node)
    

  

  
    7.4.1 
    Logical Relationships / Dependencies
  

  As explained above, four logical relationships can be used in the precedence diagramming method while creating activity network diagrams. Besides these relationships, we will also discuss lags and leads.

  
    Finish-to-Start (FS) Relationship
  

  In this relationship, a predecessor activity should be finished before starting the successor activity. This is the most common relationship between activities. As seen in Figure 7.4.2, Activity A must be finished to start Project B.

  
    [image: Finish-to-Start relationship]
    
      Figure 7.4.2: Finish-to-Start
    

  

  Examples:

  
    	We must assemble a laptop’s hardware and network components (predecessor) to install the operating system on this laptop (successor).

    	We must finish cooking all our meals (predecessor) to serve them at dinner (successor).

    	We should finish packing all the luggage (predecessor) to drive to the airport for the holiday (successor).

  

  
    Lag
  

  A lag is the amount of time a successor activity can be delayed for a predecessor activity[3]. Consider painting one room in our house. We need to apply plaster to the walls first (predecessor). When the walls dry, we can paint them (successor). It is an FS relationship. However, we need to wait two days for the walls to dry. This causes a two-day delay between two activities, called a lag (Figure 7.4.3).

  
    [image: Finish-to-Start relationship with a 2-day lag]
    
      Figure 7.4.3: Finish-to-Start with a Lag
    

  

  
    Lead
  

  A lead is the opposite of a lag. A lead is the amount of time a successor activity can be advanced with respect to a predecessor activity[4]. In Figure 7.4.4, Activity B (successor) can start three days before Activity A (predecessor) finishes. For example, we should first elicit stakeholders’ requirements in the project. Then, we can start designing the product based on the requirements. If we have ten stakeholder groups and five of them are key stakeholders, we can start the design before we finish all the elicitation.

  
    [image: Finish-to-Start relationship with a 3-day lead, that is a negative lag]
    
      Figure 7.4.4: Finish-to-Start with a Lead
    

  

  
    Finish-to-Finish (FF) Relationship
  

  In this relationship, we cannot finish a successor activity (Activity B) if we don’t finish a predecessor activity (Activity A). Therefore, Activity A must be finished to ensure we can also finish Activity B (Figure 7.4.5). These tasks can be carried out in parallel. It is common to have a lag between the predecessor and the successor.

  
    [image: The relationship on the left shows a Finish-to-Finish relationship without a lag or lead. The relationship on the right shows a Finish-to-Finish relationship with a 5-day lag.]
    
      Figure 7.4.5: Finish-to-Finish
    

  

  Examples:

  
    	We are writing a new textbook, and it has 15 chapters. When we finish writing Chapter 15, we can complete the book.

    	The contractor is finishing the installation of gas lines and plumbing in our new house (predecessor – Activity A). Another contractor who will install the kitchen appliances can finish the installation of these appliances (successor – Activity B) when the gas lines and plumbing are done. The second contractor will finish the installation of appliances five days after the predecessor activity is completed. So, there is a lag of five days (Figure 7.4.5).

  

  
    Start-to-Start (SS) Relationship
  

  In this relationship, a successor activity (B) cannot start until we start the predecessor activity (A). Like a finish-to-finish relationship, it is possible to see a lag between these two activities. In Figure 7.4.6, the relationship on the right illustrates a 5-day lag. Activity B can start five days after Activity B starts.

  
    [image: The relationship on the left shows a Start-to-Start relationship. The relationship on the right shows a Start-to-Start relationship with a 5-day lag.]
    
      Figure 7.4.6: Start-to-Start
    

  

  Examples:

  
    	When developers start coding in a software project, testers may not need to wait until they finish all the coding. They can start testing after the coding starts. However, they may need to wait several hours or days to start testing since some of the coding should be done so that the testers have an adequate number of lines to test. As explained above, this delay is named “lag.”

    	We are drafting a user manual for our product (predecessor). This manual must also be reviewed to make it ready for publishing (successor). To start this review, we should start drafting the manual.

  

  
    Start-to-Finish (SF) Relationship
  

  This is the rarest relationship between project activities. Activity B (successor) cannot finish until Activity A (predecessor) activity has started (Figure 7.4.7). Consider that we developed a new order processing software. In the meantime, we still need to use the current software so as not to cause any interruptions in our operations. Activity A is “Shutting down the current software,” while Activity B is “Making the new software operational.” We can finish Activity B when we start Activity A.

  
    [image: A Start-to-Finish relationship]
    
      Figure 7.4.7: Start-to-Finish
    

  

  
    7.4.2 
    Creating an Activity Network Diagram
  

  Our exercise to create an activity network diagram starts with Table 7.4.1 below. We assume that all the dependencies are finish-to-start and that this exercise has no lags or leads. We will add other types of dependencies, lags, and leads in the 7.6 Microsoft Project Professional tutorial.

  
    Table 7.4.1: Activities 	Activity 	Duration (week) 	Predecessors 
 	A 	1 	– 
 	B 	2 	– 
 	C 	2 	A 
 	D 	4 	A 
 	E 	1 	B 
 	F 	2 	C, D 
 	G 	3 	E 
 	H 	1 	G 
 	I 	4 	G 
 	J 	1 	F 
 	K 	3 	J, H 
 	L 	4 	I 
 	M 	1 	K, L 
  

  

  We are using rectangular nodes with labels on them for each activity. Different software programs can be utilized to create these nodes. In this exercise, we are using Microsoft Visio. When we click “New” and search “PERT Chart” on Visio, we can select “PERT Chart” to open a new sheet. PERT stands for “Program Evaluation Review Technique.” It was developed by Booz-Allen and Hamilton as part of the United States Navy’s Polaris missile submarine program. PERT is a method for analyzing the tasks involved in completing a project, especially the time needed to complete each task, the dependencies among tasks, and the minimum time needed to complete the total project. Another method, CPM, is the critical path method developed in a joint venture by DuPont Corporation and Remington Rand Corporation for managing plant maintenance projects. The critical path determines the float, or schedule flexibility, for each activity by calculating the earliest start date, earliest finish date, latest start date, and latest finish date. The following sections will discuss this in detail (7.4.3 and 7.4.4). Rather than dealing with both methods separately, project managers use them together as they have been treated as a single method over time.

  On Microsoft Visio, from PERT Chart Shapes, we drag the PERT 1 shape (node) to the blank page. Activities are named tasks here, as is the case with Microsoft Project. We can choose the black color to fill and make the text white for a good contrast. We can copy this shape and paste it as needed. In our exercise, we have 13 nodes in total.

  
    [image: An activity node. At the top, the labels are early start, duration, and early finish from left to the right. In the middle, there is the "Task Name". At the bottom, there are late start, slack, and late finish from left to the right.]
    Figure 7.4.8: Activity Node with Labels

  

  An activity node includes the labels as seen in Figure 7.4.8.

  
    	Early Start (ES): The earliest time we can start an activity.

    	Duration: How long it takes to finish all the tasks in an activity. It can be hours, days, weeks, or months.

    	Early Finish (EF): The earliest time we can finish an activity.

    	Late Start (LS): The latest time we can start an activity. Some activities may have some flexibilities (slacks or floats) that allow us to have some delay to start without affecting the overall project duration and other activities.

    	Late Finish (LF): The latest time we can finish an activity. Based on the slacks (floats), we can finish an activity later than its scheduled completion time.

    	Slack (Float): It is the difference between LS and ES, or between LF and EF. Both subtractions generate the same result.

  

  To connect nodes, we can drag a line connector to the Visio page and connect two activities (Figure 7.4.9).

  
    [image: Connecting a Predecessor to its Successor with the same labels on both nodes]
    
      Figure 7.4.9. Connecting a Predecessor to its Successor (FS dependency)
    

  

  We should place each activity node on the diagram by adhering to their precedence relationships with other activities (Table 7.4). After we connect all the nodes, we can type the duration for each activity, as seen in Figure 7.4.10. All other parts in the nodes are zero for now. Besides, as all the dependencies are finish-to-start, the arrows (connectors) start from the right side of a predecessor activity and finish on the left side of a successor activity. For instance, when we finish Activity A, we can start both Activity C and Activity D. When we finish both, we can start Activity F.

  
    [image: Activity network diagram of a project with 13 activities from A to M.]
    
      Figure 7.4.10: Activity Network Diagram with Durations
    

  

  
    7.4.3 
    Forward Pass:
  

  Now, we can start with a forward pass to determine the early start and early finish dates, and on the last activity, the overall time to finish the whole project. It is an additive move through the network from start to finish.

  
    	ES is marked zero for two starting activities (A and B), which means it is the very first day of the project (Figure 7.4.11).

  

  
    [image: Computing early finish and early finish times for two activities]
    
      Figure 7.4.11: ES and EF times
    

  

  
    	We add ES to the duration for each activity to find EF. For A, EF is (0+1) = 1 week, and for B, it is (0+2) = 2 weeks. This means we can finish A at the end of the first week and B at the end of the second week (Figure 7.4.11).

    	Then, we carry the EF time to the nodes immediately succeeding the recently completed nodes (predecessors). C and D inherit 1 (EF) from A, and it becomes ES for both successor activities. For E, we pass 2 (EF for B) to E as the ES time. Then, we add new ES times to the duration of activities to find the EF for new successors (Figure 7.4.12).

  

  
    [image: Computing early start and early finish times in successors]
    
      Figure 7.4.12: Passing predecessor ES times to successors as EF times
    

  

  
    	At a merge point, as is the case when C and D merge at F, we pass the highest EF time of predecessors (C and D) to the successor activity (F) (Figure 7.4.13). The EF time of D becomes the ES time of F.

  

  
    [image: Passing predecessor's early start time at a merge point]
    
      Figure 7.4.13: Passing predecessor ES times at merge points
    

  

  
    	When the forward pass is done, we can generate all ES and EF times for all the activities. The EF of the last activity (M) gives us the project’s overall duration, which is 15 weeks (Figure 7.4.14).

  

  
    [image: Completing the forward pass process for the project with 13 activities. The last activity M ends in the fifteenth week.]
    
      Figure 7.4.14: Completion of the forward pass 
    

  

  
    7.4.4 
    Backward Pass
  

  Before starting the backward pass process, we should explain the critical path, which is the path through the network that results in the latest completion date for the project. If any activity on the critical path is delayed, the completion of the project will be delayed by an equal amount. It is the path with the greatest total duration. Therefore, we can add the estimated time for each activity to the previous activity to determine which path through the network has the longest total duration. As we will explain below, slack will be zero for all the activities on the critical path.

  After we complete the forward pass process for all the activities, we can start the backward pass by moving from the last activity to the starting activities. It is a subtractive move through the network from the finish to the start. In our exercise, the last activity is M, which has a one-week duration, an ES of 14 weeks, and an EF of 15 weeks, which also indicates the project’s overall duration.

  
    	Late Finish (LF) for the last activity M is passed from EF (15 weeks). Then, we subtract LF from the activity duration to find the Late Start (LS). It is (15-1) = 14 weeks (Figure 7.4.15).

  

  
    [image: Starting backward pass at the last activity]
    
      Figure 7.4.15: Starting backward pass at the last activity
    

  

  
    	Now, it is possible to compute slacks for each activity. It is the difference between LS and ES, or between LF and EF. Both calculations will generate the same result. For Activity M, it is (14-14) or (15-15), which is zero. Therefore, there are no slacks for this activity. We don’t have any flexibility for this activity. We cannot have any delays in starting or finishing the activity. The activities where slack is zero are critical.

    	Then, we carry back the LS time to the nodes immediately preceding the successor node. K and L inherit 14 (LS) from M, and it becomes LF for both predecessor activities. Then, we subtract LF times from the duration of activities to find the LS for these predecessors (Figure 7.4.16). The slack for L is (10-10) or (14-14), which is zero. Therefore, L is also a critical activity. The slack for K is (11-8) or (14-11), which is 3. It means we can wait an additional three weeks to start K because we need to wait until week 14.

  

  
    [image: Passing backward the late start times to the successors as late finish times]
    
      Figure 7.4.16: Passing LS times to successors as LF times
    

  

  Figure 7.16: Passing LS times to successors as LF times

  
    	At a burst point, as is the case when G is followed by two successors, H and I, we pass the lowest LS time of successors (H and I) to the predecessor activity G as its LF time. Therefore, 6 becomes the LF for Activity G (Figure 7.4.17).

  

  
    [image: Passing backward the successor late start times at burst points as late finish times]
    
      Figure 7.4.17: Passing successor LS times at burst points as LF times
    

  

  
    	When the backward pass is done for all the activities, we can generate all LS and LF times as well as slack times for all of them (Figure 7.4.18). Thus, we can determine the critical path where the total slack is zero.

  

  
    [image: Completion of backward pass in the project with 13 activities]
    Figure 7.4.18: Completion of the backward pass

  

  The critical path of this project is B – E – G – I – L – M. It is also the longest path. We need to start and finish all these six activities on their scheduled time not to cause any delay in the overall project. Non-critical paths are:

  
    	A – C – F – J – K – M: 1+2+2+1+3+1=10 weeks

    	A – D – F – J – K – M: 1+4+2+1+3+1=12 weeks

    	B – E – G – H – K – M: 2+1+3+1+3+1=11 weeks

  

  We should always keep in mind that the WBS is not a schedule, but it is the basis for it. The network diagram is a schedule used primarily to identify key information that goes into user-friendly schedule formats, such as milestone and Gantt charts. The network diagram provides important information to the project team. It provides information about how the tasks are related, where the risk points are in the schedule, how long it will take as currently planned to finish the project, and when each task needs to begin and end.

  Schedules must be communicated to project stakeholders. Generally speaking, stakeholders want to know when the work will be completed. Once the completion date is determined, it is important to confirm whether it can meet the stakeholders’ expectations, particularly the project sponsor and internal or external clients. Once timeline commitments have been made, stakeholders must be updated on any delays that will cause deviation from the agreed-upon schedule.
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7.5 Creating a Gantt Chart


  
  A Gantt chart is a bar chart developed by Henry Gantt that illustrates a project schedule. Gantt charts are easily read and commonly used to display scheduled activities. These charts display the start and finish dates of project activities. Gantt charts also show the dependency relationships (i.e., precedence network) between activities.

  Gantt charts show a project’s key stages and their duration as a bar chart, with the time scale across the top. The key stages are placed on the bar chart in sequence, starting in the top left corner and ending in the bottom right corner (Figure 7.12). A Gantt chart can be drawn quickly and easily and is often the first tool a project manager uses to provide a rough estimate of the time that it will take to complete the key tasks. The detailed Gantt chart is usually constructed after all WBS activities are identified, an activity list is created, activity durations are estimated, and predecessors are determined.

  Let’s continue with our example in table 7.3. The Gantt Chart for the Scope activities was created using MS Project (Figure 7.5.1).

  
    [image: Gantt Chart of Scope activities. The Scope WBS number is 1. The last activity is 1.6.]
    
      Figure 7.5.1: Gantt Chart for the “Scope” activities
    

  

  In the Gantt chart in Figure 7.5.1, red bars show the critical tasks, whereas blue bars illustrate the non-critical tasks. Dependencies between all the activities are Finish-to-Start, the most common dependency, and the default relationship in MS Project.

  




  
  





7.6 Microsoft Project Tutorial


  
  The exercise in Table 7.6.1 has the same activities, durations, and predecessors as the exercise we used to develop a network diagram. In this exercise, we have added different dependencies (not only F-S), lags (a positive number showing a delay), and leads (a negative number showing an earlier start).

  Table 7.6.1: Activities 	Activity 	Duration (week) 	Dependencies 	Lag 	Predecessors 
 	A 	1 	F-S 	0 	– 
 	B 	2 	F-S 	0 	– 
 	C 	2 	F-S 	0 	A 
 	D 	4 	S-S 	0 	A 
 	E 	1 	F-S 	0 	B 
 	F 	2 	F-S 	0 	C, D 
 	G 	3 	F-S 	0 	E 
 	H 	1 	F-S 	2 weeks 	G 
 	I 	4 	F-S 	0 	G 
 	J 	1 	F-F 	-1 week 	F 
 	K 	3 	       F-S for H
        S-F for J
  	5 days for J 	J, H 
 	L 	4 	F-S 	0 	I 
 	M 	1 	       F-S for K
        F-F for L
  	1 week for L 	K, L 
  

  When we start a new project on Microsoft Project, checking “Project Summary Task” under the “Format” tab is useful. MS Project gives the row number zero to the project summary task. The question mark at the end of the duration shows that the duration is estimated (Figure 7.6.1).

  
    [image: Project Summary Task row on Microsoft Project]
    
      Figure 7.6.1: Project Summary Task
    

  

  Besides, just in the very beginning, it is of high importance to check “Critical Tasks” and “Slack” under the “Format” tab (Figure 7.6.2). When we type the tasks (activities), the Gantt Chart will highlight the critical tasks in red and the non-critical tasks in blue.

  
    [image: Critical tasks and slack options are checked on Microsoft Project]
    
      Figure 7.6.2: Checked critical tasks and slack under the Format tab
    

  

  As the durations are in weeks, we should change the settings in the Options under the “File” tab. “Duration is entered in” is changed to “Weeks” (Figure 7.6.3).

  
    [image: Changing the duration unit in Project Options box on Microsoft Project]
    
      Figure 7.6.3: Changing the duration unit
    

  

  First, we should type each activity in the “Task Name” column and durations in the “Duration” column. Then, we can select the predecessors from the dropdown menu in the “Predecessors” column (Figure 7.6.4).

  
    [image: Selecting predecessor A by clicking on A on the dropdown menu]
    
      Figure 7.6.4: Selecting predecessors from the dropdown menu
    

  

  When we finish typing all the activity predecessors, the Gantt Chart will be completed on the right side of the window (Figure 7.6.5). As indicated above, red bars show critical tasks (with zero slack) and non-critical tasks (with slacks). MS Project allows the users to change the colors of the bars.

  
    [image: Gantt chart with red bars showing critical tasks (with zero slack) and non-critical tasks (with slacks).]
    
      Figure 7.6.5: Gantt Chart
    

  

  For this exercise, we are not changing the “Task Mode,” which is either automatically scheduled or manually scheduled (Figure 7.6.6). Project summary tasks are automatically scheduled since they adjust the duration and start and finish dates automatically when activity durations and predecessors are typed.

  
    [image: Task mode dropdown menu showing Manually Scheduled and Auto Scheduled on Microsoft Project]
    
      Figure 7.6.6: Task mode
    

  

  When we double-click a task, the “Task Information” window opens (Figure 7.6.7). The dependency type is “Finish-to-Start (FS)” as default. Now we can change dependencies as indicated in Table 7.6.1.

  
    [image: Predecessor tab on task information window. The columns are ID, Task Name, Type, and Lag.]
    
      Figure 7.6.7: Task Information window
    

  

  When we are done with predecessor types (dependencies), the predecessors with dependencies different from FS will appear in the “Predecessors” column for the relevant activities (Figure 7.6.8). These dependencies are shown inside a red circle in Figure 7.6.8.

  
    [image: Predecessors and their dependencies on the Predecessors column on Microsoft Project]
    
      Figure 7.6.8: Predecessors and dependencies
    

  

  After we change the dependencies, clicking “Respect Links” under the “Task” tab is important since the task mode is manually scheduled, and the new dependencies may affect the precedence relationships. As shown in Figure 7.6.9, MS Project highlights the boxes in light blue if there is a change.

  
    [image: Microsoft Project highlights the changes in a light blue color.]
    
      Figure 7.6.9: Highlighted changes
    

  

  As shown in Figure 7.6.10, the dependency between A and D is not FS. It is Start-to-Start (SS). Therefore, the arrow starts from the left side of A’s bar on the Gantt Chart and connects to the left side of D’s bar. When it is FS, the arrow starts from the right side of the predecessor and connects to the left side of the successor, as can be seen in Figure 7.6.10 between A and C.

   

  
    [image: Start-to-Start dependency between two activities]
    
      Figure 7.6.10: Start-to-Start dependency
    

  

  To see the slacks for each activity, we can add a new column named “Free Slack” (Figure 7.6.11). The black underline attached to the left of Activity C in the Gantt Chart also shows the slack (Figure 7.6.10).

  
    [image: Free slack column on Microsoft Project]
    
      Figure 7.6.11: Free Slack column
    

  

  Now we can create an activity network diagram by selecting “Network Diagram” on the dropdown menu that appears when we click the Gantt Chart located on the far-left part of the “Task” tab (Figure 7.6.12).

  
    [image: Selecting network diagram from the dropdown menu under Gantt Chart icon]
    
      Figure 7.6.12: Selecting network diagram
    

  

  Figure 7.6.13 displays the network diagram in a non-collapsed format. We should scroll toward the right to see other activities.

  
    [image: Network diagram when it is not collapsed]
    
      Figure 7.6.13: Network Diagram (Not collapsed)
    

  

  To see the whole diagram without details, we should click “Collapse Boxes” and check “Straight Links” under the “Network Diagram Tools – Format” tab (Figure 7.6.14). The network diagram in MS Project illustrates the links in FS dependency. Therefore, seeing other dependencies on the Gantt Chart view is convenient.

  
    [image: Network diagram when all the labels on the nodes are removed.]
    
      Figure 7.6.14: Network diagram (Collapsed)
    

  

  




  
  





7.7 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	The project schedule management plan is one of the sub-plans of the overall project plan. It provides guidelines for developing a project schedule by defining and sequencing project activities and milestones and estimating activity durations.

        	The activity definition process is a further breakdown of the WBS work package elements, which was created while planning the scope.

        	After the lowest level activities are defined in the activity list, each activity is reviewed and evaluated to determine the duration. An estimate is an educated guess based on knowledge, experience, and inference. Five types of estimation methods are expert judgment, analogous estimating, parametric estimating, three-point estimates, and bottom-up estimating.

        	Showing the activities in rectangles or circles and their relationships (dependencies) as arrows is called a precedence diagramming method (PDM). This kind of diagram is also called an activity-on-node (AON) diagram.

        	Four types of logical relationships (dependencies) are “Finish-to-Start” (FS), “Finish-to-Finish” (FF), “Start-to-Start” (SS), and “Start-to-Finish” (SF). The most common relationship is Finish-to-Start, in which we start a successor activity once we finish the predecessor activity.

        	Creating an activity network diagram comprises two main steps: (1) Forward pass and (2) backward pass. When these steps are completed, the critical path can be identified.

        	A Gantt chart is a bar chart that displays the start and finish dates of project activities and their dependency relationships with one another.

      

    

  

   

  




  
  





7.8 Multiple-Choice Questions


  
  There are 8 questions for this chapter.  As you submit each answer, you will get immediate feedback and be taken to the next question.

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=228

  

  

  




  
  





7.9 Exercises


  
  
    
      Exercise 1: Estimating Activity Durations for the City Park Revitalization Project

    

    
      The fictional GreenCity is undertaking a project to revitalize its main public park. The project involves updating playground equipment, installing new walking paths, adding a central fountain, and implementing a modern irrigation system for sustainable landscaping. The project must be completed in 8 months to align with the city’s annual tourism festival. The activities and scope have been defined, and the project team now needs to estimate activity durations using different estimation techniques.

      The following activities have been identified for the project:

      	Activity 	Description 	Dependencies 	Resources Required 
  	A 	Remove old playground equipment 	– 	2 workers, excavator 
 	B 	Install new playground equipment 	A 	3 workers 
 	C 	Lay walking paths 	– 	4 workers, materials 
 	D 	Construct central fountain 	– 	Specialized contractor 
 	E 	Implement irrigation system 	C 	3 workers 
 	F 	Landscape and plant greenery 	C, E 	6 workers, equipment 
  

      
        Tasks and Questions
      

      
        	
          Expert Judgment
          
            	Consult the following expert data for similar projects: 	Removing old equipment takes 3-5 days, depending on the complexity of the site.
	Installing new playground equipment takes approximately 6 days.
	Laying walking paths takes 5 days for every 10,000 square feet of area, and the park area is 30,000 square feet.



            	Use this information to estimate the durations for activities A, B, and C.

            	What are the potential limitations of relying solely on expert judgment?

          

        

        	
          Analogous Estimating
          
            	The team recently completed a similar park project. The following data is available: 	Central Fountain Construction: 15 days in a project of comparable scope.
	Irrigation System Installation: 10 days for a 5-acre area; the current project covers 7.5 acres.



            	Use analogous estimating to determine the durations of activities D and E.

            	What assumptions did you make, and how might they impact accuracy?

          

        

        	
          Parametric Estimating
          
            	For landscaping (Activity F), the following data is available: 	Workers can landscape 5,000 square feet per day. The park has 25,000 square feet of landscaping area.



            	Use parametric estimating to calculate the duration for Activity F.

            	How does this method improve accuracy compared to other techniques?

          

        

        	
          Three-Point Estimates
          
            	For Activity C (Lay walking paths), we collected the following estimates from the team: 	Optimistic: 10 days
	Most Likely: 12 days
	Pessimistic: 16 days



            	Calculate the expected duration using both triangular and beta distribution methods.

            	Which method provides a more realistic estimate, and why?

          

        

        	
          Bottom-Up Estimating
          
            	Break down Activity E (Irrigation System Installation) into the following smaller tasks that follow one another sequentially: 	Dig trenches: 3 days
	Lay irrigation pipes: 4 days
	Install sprinkler heads: 2 days



            	Combine the estimates to calculate the total duration for Activity E.

            	Discuss how bottom-up estimating compares to other techniques in terms of detail and accuracy.

          

        

      

    

  

   

  
    
      Exercise 2: Creating and Analyzing an Activity Network Diagram

    

    
      You are managing a project to develop a new product prototype. The activities and their dependencies are listed below:

      	Activity 	Duration (days) 	Predecessors 
  	A 	4 	– 
 	B 	3 	A 
 	C 	5 	A 
 	D 	6 	B, C 
 	E 	4 	B 
 	F 	2 	D, E 
  

      
        Tasks and Questions
      

      
        	
          Create the Activity Network Diagram
          
            	Draw an Activity-on-Node (AON) diagram for the project, showing the relationships between activities.

            	For each activity, label the Duration, Early Start (ES), Early Finish (EF), Late Start (LS), Late Finish (LF), and Slack (Float).

          

        

        	
          Identify the Critical Path
          
            	Determine the critical path for the project.

            	Calculate the overall project duration based on the critical path.

          

        

        	
          Analyze Changes in Activity Durations
          
            	If only the duration of Activity D increases from 6 to 8 days: 	How does this impact the overall project duration?
	Does the critical path change?
	Recalculate the slack for all non-critical activities.



          

        

        	
          Explore Alternative Scenarios
          
            	If only the duration of Activity E decreases from 4 to 2 days: 	How does this impact the overall project duration?
	Does the critical path change?
	Recalculate the slack for all non-critical activities.



          

        

        	
          Optimization Discussion
          
            	Based on the changes above, suggest one strategy to optimize the project schedule while minimizing delays.

            	How could you use float (slack) to reallocate resources or adjust dependencies to improve efficiency?

          

        

      

    

  

   

  
    
      Exercise 3: Schedule Management on Microsoft Project and Visio

    

    
      The table below illustrates the activities of a project.

      	Activity 	Duration (week) 	Dependencies 	Lag 	Predecessors 
 	A 	3 	– 	– 	– 
 	B 	4 	– 	– 	– 
 	C 	2 	– 	– 	– 
 	D 	 	 	 	 
 	D1 	2 	F-S 	0 	A, B, C 
 	D2 	5 	F-S 	2 weeks for D1 	C, D1 
 	E 	 	 	 	 
 	E1 	2 	F-S 	2 weeks for B -1 week for C
 	B, C 
 	E2 	3 	S-F 	0 	E1 
 	F 	2 	S-S 	-1 week 	D2 
 	G 	4 	F-S 	0 	E2 
 	H 	2 	S-S 	1 week 	E2 
 	I 	4 	F-S 	0 	F 
 	J 	1 	F-F for G F-S for H
 	0 	G, H 
 	K 	 	 	 	 
 	K1 	3 	F-S 	0 	I, J 
 	K2 	2 	F-S 	0 	K1 
 	K3 	1 	F-S 	0 	K2 
  

      Questions

      
        PART 1: Creating the WBS and Gantt Chart
      

      Open a new Microsoft Project blank file and follow the steps below.

      
        	Under the “File” tab, select “Options”. Change “Duration is entered in” as weeks. 	All the durations must be in weeks.



        	Select “Project Summary Task.” 	Its WBS number will be ZERO, automatically assigned by Microsoft Project.



        	Check “Critical Tasks” and “Slack.”

        	Add a WBS column to the left of the Tasks column. Do not type numbers yourself in the WBS column.

        	Type all the activities as shown in the table. 	Make the indentations for D1, D2, E1, E2, K1, K2, and K3.



        	Type duration of all activities. 	Wrong durations will cause many errors.



        	Select predecessors.

        	Start the first activity on Monday, April 1, 2024. 	You should move the project under the Project tab on the ribbon.



        	Change the dependencies if they are not Finish-to-Start (F-S).

        	Type the lags (positive number) and leads (negative number) as shown in the table above. All of them are in weeks, NOT days.

        	Use “Respect Links” to resolve the scheduling issues. 	Click “Respect Links” until you don’t see any blue-highlighted cells.
	If you do not implement respect links, you will have errors in overall duration and Gantt Chart.



        	Insert a “Free Slack” column to the left of “Predecessors.”

      

      
        Part 2: Creating a Network Diagram on Microsoft Visio
      

      For this question, you must use the table below. All the dependencies are F-S.

      
        	Activity 	Duration (week) 	Predecessors 
 	A 	3 	– 
 	B 	2 	– 
 	C 	4 	– 
 	D 	4 	A 
 	E 	3 	B, C 
 	F 	2 	D 
 	G 	2 	E 
 	H 	1 	E 
 	I 	3 	F 
 	J 	6 	G, H 
 	K 	4 	I, J 
  

      

      
        	Create an activity network diagram on Microsoft Visio (.vsdx).

        	On each activity node, you should indicate early start, late start, early finish, and late finish times, as well as the duration and slack for each activity, as shown below.[image: The image represents an activity node commonly used in an Activity Network Diagram for project management. It includes the following components: Top row displays the time-related parameters, which are: Early Start: The earliest time the activity can begin. Duration: The estimated time to complete the activity. Early Finish: The earliest time the activity can finish. Middle row contains the Task Name, identifying the specific activity. Bottom row displays additional time-related parameters, which are: Late Start: The latest time the activity can start without delaying the project. Slack: The amount of time the activity can be delayed without affecting the project's timeline. Late Finish: The latest time the activity can finish without delaying the project. This structured node is used in critical path analysis to evaluate and optimize project schedules.]

        	In Visio, click “New” and search “PERT Chart.” Select “PERT Chart”. Drag the PERT 1 shape (node) from PERT Chart Shapes to the blank page. Choose the black color to fill. Copy this shape and paste it 10 times, as there are 11 activities in total. Use a line connector to connect the nodes.[image: The image shows two activity nodes connected by an arrow, illustrating a sequence in an Activity Network Diagram used for project scheduling and critical path analysis.]

        	When you finish all the activities and numbers, create a textbox on that page below the activity network diagram, and type the activity names on the critical path in an order (e.g., A-B-C-D-E). On the same textbox, indicate the total duration of this project (e.g.,10 days).

      

    

  

  




  
  





Chapter 8. Resource Management




8.0 Learning Objectives & Overview


  
  
    
      Learning Objectives

    

    
      
        	Describe how to create a project resource plan.

        	Define the resources utilized in a project, including the project team members.

        	Elaborate on resource loading, leveling, and crashing to allocate resources effectively.

        	Practice on Microsoft Project to determine and allocate the resources and solve resource overallocation and conflict problems as well as scheduling issues.

      

    

  

  Overview

  A project manager is responsible for planning, developing, managing, and monitoring and controlling the resources to ensure that project objectives can be achieved. Effective resource management is integral to overall project success. The objective is to identify and allocate resources effectively and efficiently to project activities to complete the project to the satisfaction of the stakeholders, particularly clients and customers. Whereas scope, time, and cost are the main constraints of a project, they are tightly linked to the resources. After delineating the scope and schedule, the project manager can continue identifying and allocating resources based on the scope (product requirements and project activities) and the schedule (how project activities are sequenced on a timescale). Allocation of resources allows the project manager to determine the overall budget, most of which is spent on resources.

  




  
  





8.1 Resource Management


  
  Resource management is the efficient and effective deployment of an organization’s resources when they are needed. We can classify the resources into three main categories:

  
    	Human resources (HRs) 	Project team members (core team)
	HRs outside the core team required for project activities



    	Physical resources 	Equipment
	Materials (Raw materials, supplies, consumables)
	Inventory
	Facilities
	Infrastructure
	IT hardware
	IT software
	Cloud computing resources



    	Services 	Contractors and subcontractors
	Consulting



  

  Every activity in our activity list needs to have resources assigned to it. Before assigning resources to the project, we need to know their availability. To assess resource availability, a project manager needs information about what resources we can use on our project when they’re available and the conditions of their availability. This is why a WBS (see Chapter 4) and an activity list (see Chapter 7) are critical in our project to plan for the resources.

  The most important resource to a project is its people—the project team. We discussed the development and management of project teams in section 6.7 of Chapter 6. Projects have a core team with a project manager and key members with functional expertise. There may also be administrative personnel and members who assist the project manager. Core team members provide continuity and “corporate memory” throughout the project, particularly to external hires who may not be as familiar with the strengths and weaknesses of the organization’s previous projects. Projects require specific expertise at specific moments in the schedule, depending on the milestones being delivered or the given phase of the project. An organization can host several strategic projects concurrently over a budget year, meaning its employees can work on more than one project at a time. Alternatively, an employee may be seconded away from his or her role within an organization to become part of a project team because of particular expertise. Moreover, projects often require talent and resources that can only be acquired via contract work and third-party vendors. Procuring and coordinating these human resources, in tandem with managing the time aspect of the project, is critical to overall success.

  




  
  





8.2 Project Resource Management Plan


  
  As described in Chapter 4, project planning is at the heart of the project life cycle and tells everyone involved where we are going and how we will get there. It involves creating a set of plans to help guide the project team through the implementation and closure phases of the project. The project resource management plan is one of the sub-plans of the overall project plan. It provides project managers guidelines on estimating, acquiring, managing, and utilizing physical and team resources[1]. It is the process of establishing the policies, procedures, and documentation for planning, developing, managing, executing, and controlling the project resources[2].

  The resource management plan can consist of the following:

  
    	Project Organization Charts 	Project team members and their reporting relationships are displayed in these charts.
	A team charter is prepared to establish team values, agreements, communication guidelines, decision-making criteria and processes, and operating guidelines for the team[3].



    	Resource requirements 	Types of resources (e.g., human resources, physical resources, services)
	Human resources (Core team members and people for all project activities) 	Required skills and competencies
	Roles and responsibilities
	Authority level (e.g., decision-making, inspecting, and accepting deliverables)
	Effort in hours (e.g., daily working hours – full-time or part-time, the total amount of work hours)
	Source (e.g., PMO – Project Management Office, other functional units, regional offices, outsourcing, offshoring)
	WBS activity link


	Required features for physical resources (e.g., equipment, materials, facilities, infrastructure, supplies)



    	Project team resource management 	Methods for developing and managing the project team
	The decision criteria when to use project team human resources and the human resources outside the team.



    	Resourcing strategy 	How will resources be acquired and released from the project?



    	Resourcing assumptions 	Are there any assumptions about the resource requirement estimates?
	Vacations, holidays, training, meetings, interruptions, sick leave.



    	Rewards and recognition 	Define the criteria for rewarding project team members for the work that they have done.
	Which rewards will be given and when?
	How much money is set aside for the project?



    	Resource control 	Which methods will be used to monitor and control the project resources?



    	Health and safety 	Are there specific health and safety practices that will be followed on the project?



  

  In the resource management plan, including a Resource Breakdown Structure would help the team illustrate the needs in a hierarchical structure. An example is given in Figure 8.2.1 based on the case study regarding Grocery LLC’s M-Commerce Project.

  
    [image: Resource Breakdown Structure for M-Commerce Project. The main categories are human resources, hardware, software, materials, and services.]
    Figure 8.2.1: Resource Breakdown Structure (RBS) for M-Commerce Project

  

  

  
    
      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


    

  

  




  
  





8.3 Estimating the Resources


  
  Activity resource estimating aims to assign resources to each activity in the activity list. To estimate resources, we can use similar techniques to estimate schedule (see Chapter 7) and cost (see Chapter 9). This book will describe four tools and techniques for estimating activity resources.

  
    	Expert judgment: The project team consults domain and implementation subject matter experts who have technical knowledge and experience in the areas the project activities are related to. When developing a mobile application, we can consult software engineers, developers and testers, and systems analysts who were involved in activities to develop other mobile applications. They can provide us with information regarding resource requirements.

    	Alternative analysis: We can consider several different options for assigning resources. This includes varying the number of resources and the kind of resources we use. There’s often more than one way to accomplish an activity, and alternative analysis helps decide among the possibilities.

    	Analogous estimating: Information and lessons learned from previous projects, standards provided by regulatory agencies, government organizations, and occupational associations, and the data that rely on articles, books, journals, and periodicals can be utilized to help us figure out what kind of and how many resources we need in our project activities.

    	Bottom-up estimating: We decompose our project activities by utilizing WBS. We break down complex activities into pieces. Therefore, we can work out the resource assignments for each piece. It is a process of estimating individual activity resource needs and then adding these together to create a total estimate. Bottom-up estimating is an accurate means of estimating, given that the estimates at the lower levels are accurate. However, it takes considerable time to perform bottom-up estimating because every activity must be assessed and estimated accurately to be included in the bottom-up calculation—the smaller and more detailed the activity, the greater the accuracy and cost of this technique. An example is provided in the sections “8.4 Resource Allocation” and “8.5 Solving Resource Conflicts”.

  

  Project management software programs such as Microsoft Project often have features designed to help project managers estimate resource needs and constraints and find the best combination of assignments for the project.

  




  
  





8.4 Resource Allocation


  
  Based on the Resource Management Plan and according to the estimation methods, the project team should identify the resources necessary for the project activities. It should allocate them to execute the project activities. The allocation of resources is called “Resource Loading.” Then, the project team can have a resource usage calendar that exhibits the amount of resources assigned to each activity during the project. Let’s continue with “Table 7.2.1. Activity List Template” from Chapter 7 and load resources to the “1.3 Preparation of Project Charter” activities.

  
    Table 8.4.1: Resource Loading for 1.3 “Preparation of Project Charter” 	Activity List for Project “Grocery LLC’s M-Commerce Project”
  
 	Activity identifier 	Activity title 	Scope of Work 	Person Responsible 	Predecessors 	Resources 
 	1.3 	Preparation of Project Charter 	The project charter that will authorize the project manager to undertake the responsibility of the project and apply the resources to project activities will be prepared. 	Project Manager 	       1.1
        1.2
  
 	 
 	1.3.1 	Develop high-level scope 	The high-level scope consists of the project purpose, measurable project objectives, high-level requirements, project description, boundaries, key deliverables, and assumptions and constraints. 	Systems Analyst 1 	1.2 	Systems Analyst 1 
 	1.3.2 	Identify overall project risks 	This includes the identification of the risks that affect the project in general. 	Systems Analyst 2 	1.3.1 	Systems Analyst 2 
 	1.3.3 	Develop high-level schedule 	This includes the estimation of the overall schedule with summary milestones. 	Team Member 1 	1.3.1 	Systems Analyst 1 
 	1.3.4 	Identify main resources and develop a high-level budget 	This includes the initial estimation of all resources (human resources, physical resources, and services), and the budget. 	Team Member 2 	1.3.3 	Systems Analyst 1 Systems Analyst 2
  
 	1.3.5 	Identify key stakeholders and project team member roles 	Stakeholders with high-interest levels and/or power levels will be identified. The project team’s composition will be created. The qualifications required should be detailed.
 The project sponsor’s authority will be detailed.
  	Team Member 3 	      1.3.1
       1.3.2
  	Systems Analyst 1 Systems Analyst 2
 Sales & Marketing Expert 1
 Sales & Marketing Expert 2
  
 
 	1.3.6 	Develop project approval requirements and project exit criteria 	Based on the project scope and other sections of the project charter, project approval requirements and exit criteria should be detailed. Exit criteria include the conditions that describe the early termination of the project.
  	Team Member 1, 2, 3 	      1.3.1
       1.3.2
       1.3.3
       1.3.4
       1.3.5
  	Systems Analyst 1 Systems Analyst 2
  
  

  

   

  In Table 8.4.1, we only assigned human resources. We also assume that all the people work full-time, which is 8 hours a day. They work during the weekdays, which makes the weekly total work hours forty. In Table 8.4.2, we can see how human resources are distributed to the tasks by week.

  Table 8.4.2: Resource Usage Calendar 	Resource Name 	Work 	May 2 	May 9 	May 16 	May 23 	May 30 	June 6 
  	Systems Analyst 1 	240 hrs 	40 	32 	40 	64 	40 	24 
 	   Clarify project purpose and determine project scope  	40 hrs 	40 	  	  	  	  	  
 	   Develop high-level scope  	32 hrs 	  	32 	  	  	  	  
 	   Develop high-level schedule  	48 hrs 	  	  	40 	8 	  	  
 	   Identify main resources and develop a high-level budget  	16 hrs 	  	  	  	16 	  	  
 	   Identify key stakeholders and project team member roles  	64 hrs 	  	  	  	40 	24 	  
 	   Develop project approval requirements and project exit criteria  	40 hrs 	  	  	  	  	16 	24 
 	Systems Analyst 2 	200 hrs 	40 	0 	40 	56 	40 	24 
 	   Clarify project purpose and determine project scope  	40 hrs 	40 	  	  	  	  	  
 	   Identify overall project risks 	40 hrs 	  	  	40 	  	  	  
 	   Identify main resources and develop a high-level budget  	16 hrs 	  	  	  	16 	  	  
 	   Identify key stakeholders and project team member roles  	64 hrs 	  	  	  	40 	24 	  
 	   Develop project approval requirements and project exit criteria  	40 hrs 	  	  	  	  	16 	24 
 	Sales & Marketing Expert 1 	104 hrs 	40 	0 	0 	40 	24 	0 
 	   Clarify project purpose and determine project scope  	40 hrs 	40 	  	  	  	  	  
 	   Identify key stakeholders and project team member roles  	64 hrs 	  	  	  	40 	24 	  
 	Sales & Marketing Expert 2 	104 hrs 	40 	0 	0 	40 	24 	0 
 	   Clarify project purpose and determine project scope  	40 hrs 	40 	  	  	  	  	  
 	   Identify key stakeholders and project team member roles  	64 hrs 	  	  	  	40 	24 	  
  

   

  Resource usage calendars help project teams evaluate whether resources are assigned without conflicts. As can be seen in Table 8.3, System Analyst 1 (SA1) and 2 (SA2) both had resource overallocation problems on May 23rd week. SA1 worked 64 hours that week, while SA2 worked 56 hours. Both work more than 40 hours (8 hours per weekday), assuming that overtime work is not allowed. The next section will discuss how to solve this overallocation employing resource leveling.

  




  
  





8.5 Solving Resource Overallocation: Resource Leveling


  
  One of the techniques to solve resource conflicts is implementing resource leveling, which examines the unbalanced use of resources (usually people or equipment) over time and for resolving overallocation or conflicts. When performing project planning activities, the manager will attempt to schedule certain tasks simultaneously. When more resources are needed than are available, or perhaps a specific person is needed in both tasks, the tasks must be rescheduled sequentially to manage the constraint. Resource leveling during project planning is the process of resolving these conflicts. It can also be used to balance the workload of primary resources throughout the project, usually at the expense of one of the triple constraints (scope, schedule, cost).

  As discussed briefly in the previous section, both systems analysts are overallocated. Therefore, we should correct this issue since they cannot work more than 40 hours weekly. Resource leveling would be one of the techniques to eliminate this problem. In resource leveling, we still use the same resources without adding new resources. However, this comes with a risk of schedule delay. The Gantt Chart for the weeks of May 16, May 23, and May 30 is shown in Figure 8.5.1. As shown in the figure, 1.3.3 and 1.3.5 overlap on May 23, and SA1 works full time in two activities on the same day, which is impossible. Besides, 2-day activity 1.3.4 overlaps with 1.3.5, and SA1 and SA2 work on both activities.

  
    [image: Gantt Chart with three activities before resource leveling. There is a resource overallocation affecting 1.3.4 and 1.3.5.]
    Figure 8.5.1: Gantt Chart before Resource Leveling

  

  Since resource leveling utilizes the same resources, it may create schedule delays, as seen in Figure 8.5.2. Activity 1.3.4 had to be moved to June 2 from May 24 to prevent conflicts with 1.3.3 and 1.3.5. Its duration was also increased to 3 days from 2 days. Activity 1.3.5 starts on the same day, May 23. However, its duration was also increased to 9 days from 8 days. Therefore, it finishes on May 2 instead of May 1. We have a three-day delay in total after resource-leveling for these three activities. Sometimes, splitting the tasks could be another option if the activities allow us to do so. This resource leveling could also affect the following activities, which may create a chain effect with more schedule slippages.

  
    [image: 1.3.4 was rescheduled to a later date after the resource leveling. The resource overallocation was eliminated.]
    Figure 8.5.2: Gantt Chart after Resource Leveling

  

  Another option to resolve conflicts would be assigning new resources to prevent schedule slippages. A third systems analyst can be assigned to activity 1.3.3 by removing SA1. With the new SA3, we can reallocate SA1 and SA2 in 1.3.4 and 1.3.5 by replacing them with SA3 for the days when SA1 and SA2 conflict with other activities. This situation would impose additional costs on the project by adding a new systems analyst. However, we can avoid schedule slippages. Thus, the project manager should evaluate all the trade-off options between the schedule and the cost.

  




  
  





8.6 Schedule Compression Techniques


  
  While resource leveling is mostly implemented during the planning stage of activities, schedule compression techniques such as crashing and fast-tracking are utilized during the execution of activities to accelerate the project. With crashing, the project manager adds additional resources to the critical activities (zero-slack activities) and saves time by spending more money on the additional resources. In this technique, existing resources can be asked to work overtime, or we can add new resources. As seen in Figure 8.6.1, we assigned new resources to the three activities. With the added resources, and accordingly, with more cost, we now had the opportunity to finish these activities in 8 days instead of 12 days.

  
    [image: Crashing the resources by allocating additional resources of HR4 and HR5, and allocating HR2 to the third activity.]
    Figure 8.6.1: Crashing

  

  Project managers should ponder all the alternatives and outcomes before deciding to crash since adding new resources may not always shorten the duration. If overtime is approved, people who work overtime may be less productive after a while with increased tiredness and less satisfaction. Besides, there may be internal and external dependencies. For example, we may still be waiting for a material ordered from a supplier that cannot be delivered earlier. Regarding the equipment, we may be unable to increase the operating time if the equipment cannot work more than a certain number of hours a day. If the activities in which we crash resources are not critical, we cannot shorten the duration. Consider the project activity network diagram in Figure 7.4.14 from Chapter 7.

  
    [image: Activity network diagram of a project with 13 activities from Chapter 7]
    Figure 8.6.2: Activity Network Diagram from Chapter 7

  

  Let’s perform crashing in Activity D and Activity K. Each of D and K has a three-day slack. Let’s assume that with additional resources, we can finish D in 3 weeks instead of 4 weeks and K in 1 week instead of 3 weeks. The new activity network diagram is in Figure 8.6.3. The total duration of the project remains the same, 15 weeks. D and K have one more day of slack, which hasn’t influenced the duration of the project. Therefore, we have just paid more for nothing.

  
    [image: Activity network diagram after crashing was implemented for activities D and K.]
    Figure 8.6.3: Activity Network Diagram after Crashing D and K

  

  If we crash critical activities, we can save time on the project. Let’s add new resources to Activity I and Activity L. The new duration for I and L is 3 weeks for each. As seen in Figure 8.6.3, the total duration of the project was reduced to 13 days from 15 days.

  
    [image: Activity network diagram after crashing was implemented for activities I and L.]
    Figure 8.6.4: Activity Network Diagram after Crashing I and L

  

  Another option to shorten the duration of a project is to implement fast-tracking. If some parts of the activities can be carried out in parallel, we can shorten the total duration. Let’s use the example in Figure 8.6.1. In fast-tracking, we don’t assign new resources. With the same resources, we can execute some parts of three activities in parallel. Let’s assume that the first activity is coding, and HR1 is working on this activity. The second activity is testing, and HR2 is working on this activity. We don’t need to wait for the first activity to be completed before starting the second activity. We can add two-day leads (negative lags) between activities (Figure 8.6.5). After developers finish some of the codings, testers can start the testing. In this case, we can finish three activities in 8 days instead of 12 days as seen in Figure 8.6.5. However, using leads increases the coordination efforts. Therefore, the project manager should exert more concentrated efforts to coordinate to prevent any quality risks. It may still be possible to increase the project costs, although the probability is less when compared with crashing. It is important to remember that not all activities can be fast-tracked. The sequencing of the activities should be such that fast-tracking is permissible.

  
    [image: Fast tracking of three activities. Shortening the duration from 12 days to 8 days.]
    Figure 8.6.5: Fast Tracking

  

  




  
  





8.7 Microsoft Project Tutorial


  
  For the MS Project tutorial, let’s continue with our example of an m-commerce project for Grocery LLC. Let’s focus on “1. Scope”. The WBS for the scope stage is in Table 8.7.1. This table also includes the duration, start and finish dates, and predecessors.

  Table 8.7.1: WBS for the Scope of the M-Commerce Project 	WBS 	Task Name 	Duration 	Start 	Finish 	Predecessors 
 	1 	Scope 	35 days 	Mon 5/2/22 	Mon 6/20/22 	 
 	1.1 	   Clarify project purpose and determine project scope. 	5 days 	Mon 5/2/22 	Fri 5/6/22 	 
 	1.2 	   Secure project sponsorship 	1 day 	Mon 5/9/22 	Mon 5/9/22 	2 
 	1.3 	   Preparation of project charter 	22 days 	Tue 5/10/22 	Wed 6/8/22 	 
 	1.3.1 	        Develop high-level scope 	4 days 	Tue 5/10/22 	Fri 5/13/22 	3 
 	1.3.2 	        Identify overall project risks 	5 days 	Mon 5/16/22 	Fri 5/20/22 	5 
 	1.3.3 	        Develop high-level schedule 	6 days 	Mon 5/16/22 	Mon 5/23/22 	5 
 	1.3.4 	        Identify main resources and develop a high-level budget 	2 days 	Tue 5/24/22 	Wed 5/25/22 	7 
 	1.3.5 	        Identify key stakeholders and project team member roles 	8 days 	Mon 5/23/22 	Wed 6/1/22 	5,6 
 	1.3.6 	        Develop project approval requirements and project exit              criteria 	5 days 	Thu 6/2/22 	Wed 6/8/22 	5,6,7,8,9 
 	1.4 	  Approval of project charter by the sponsor 	2 days 	Tue 6/9/22 	Fri 6/10/22 	10 
 	1.5 	  Secure core resources 	5 days 	Mon 6/13/22 	Fri 6/17/22 	11 
 	1.6 	  Initiation stage complete 	0 days 	Mon 6/20/22 	Mon 6/20/22 	12 
  

  Let’s identify the resources that we can use for the scope. We should enter them in the Resource Sheet after we click “Resource Sheet” in the dropdown menu (Figure 8.7.1).

  
    [image: Dropdown menu that appears when Gantt Chart icon is clicked. Resource sheet can be selected here.]
    Figure 8.7.1: Dropdown Menu for the Resource Sheet

  

  In the Resource Sheet window, we can type the resources. There are three types of resources in MS Project:

  
    	Work: Work resources are people and equipment. They have a standard rate per hour.

    	Material: Material resources are consumable supplies. They have a unit of measurement, such as tones, boxes, and cubic yards.

    	Cost: Cost resources are independent costs we want to associate with a task such as a plane ticket.

  

  Let’s type all the resources, as seen in Figure 8.7.2. In this chapter, we won’t write standard rates, overtime rates, and cost/use. We will detail them in Chapter 9. We are only typing the human resources in this tutorial. Therefore, they are classified as “Work” type. We keep “Max” (Maximum units) 100% as they work full-time.

  
    [image: Resources are seen on the Resource Sheet.]
    Figure 8.7.2: Resources in Resource Sheet

  

  After we type the resources, we can assign them to their tasks in the Gantt Chart window on the dropdown menu (Figure 8.7.3).

  
    [image: Assigning resources to tasks by using the dropdown menu inside "Resource Names" column.]
    Figure 8.7.3: Assigning the Resources in the Tasks on Dropdown Menu

  

  After we assign all the resources to their relevant tasks, we can see the information below as in Figure 8.7.4.

  
    [image: The resources are allocated to all the resources on Microsoft Project.]
    Figure 8.7.4: Assigning the Resources in the Tasks

  

  The Gantt chart on the right side of the window is shown in Figure 8.7.5. The MS Project illustrates the Gantt chart with bars and the resources assigned to each task to the right of each task bar. As explained in Chapter 7, the red bar displays a critical path, and the blue bar displays a non-critical path.

  
    [image: Gantt chart showing all the Scope activities on Microsoft Project]
    Figure 8.7.5: Gantt Chart for the Scope

  

  As can be seen in Figures 8.7.3 and 8.7.4, there are three red people indicators in the first column. This is a warning for overallocated resources. We can investigate more to understand which resources are overallocated. On the dropdown menu in Figure 8.7.1, we can select “Resource Graph.” Figure 8.7.6 shows us that Systems Analyst 1 is overallocated on three days, which is more than 100%.

  
    [image: Resource graph displays the overallocation of Systems Analyst 1 resource on three days. The allocation percentage is 200%.]
    Figure 8.7.6: Resource Graph Displaying Overallocated Resources

  

  We can implement resource leveling for these three activities. On the “Resource” tab, we can select “Level Resource” or “Level All” (Figure 8.7.7). Leveling options can also be modified. For this tutorial, we are not changing the options.

  
    [image: Resource tab on Microsoft Project]
    Figure 8.7.7: Resource Tab

  

  When we click “Level All,” MS Project levels the resources in these three activities with resource overallocation (Figure 8.7.8). Therefore, our resource overallocation is resolved. The duration of 1.3 was 22 days before resource leveling. After the leveling, it is 25 days. Therefore, there is a 3-day slippage as we are using the same resources and aren’t allocating new resources. However, the total duration of “1. Scope” didn’t change and stayed 35 days after leveling.

  
    [image: After resource leveling, Microsoft Project rescheduled the resources to eliminate the resource overallocation. Red person icons disappeared after the leveling.]
    Figure 8.16: Schedule before and after Resource Leveling

  

  
    [image: After resource leveling, Microsoft Project rescheduled the resources to eliminate the resource overallocation. Red person icons disappeared after the leveling.]
    Figure 8.7.8: Gantt Chart before and after Resource Leveling

  

  However, we now experience a schedule slippage, as seen in Figures 8.7.7 and 8.7.8. Besides, 1.3.6 and the following activities are affected. 1.3.6 has an underlined text for the Finish Date, meaning a scheduling problem exists. After resource leveling, it is common to experience schedule problems in the following activities. To solve the scheduling problem in 1.3.6 and the following activities, we can click “Respect Links” for 1.3.6 and all the following activities. Besides, MS Project gives some options when we right-click on an underlined date, as seen in Figure 8.7.9. When we right-clicked on the underlined finish date (Mon 6/13/22) of 1.3.6, it gave us the options “Fix in Task Inspector”, “Respect Links”, and “Switch to Auto Scheduled”.

  
    [image: Microsoft Project offers options such as Fix in Task Inspector, Respect Links, and Switch to Auto Scheduled in order to solve scheduling problems.]
    Figure 8.7.9: Solving Scheduling Problems

  

  After all the scheduling problems are corrected, the total duration of Scope goes up to 39 days from 35 days (Figure 8.7.10).

  
    [image: The duration of the Scope component increased to 39 days after resource leveling. The Microsoft Project screenshot shows the WBS number, task name, duration, start date, and finish date columns.]
    Figure 8.7.10: Solving Scheduling Problems

  

  




  
  





8.8 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	Resource management is the efficient and effective deployment of an organization’s resources when they are needed. These resources can be classified as human resources, physical resources, and services.

        	Planning resource management is the process of establishing the policies, procedures, and documentation for planning, developing, managing, executing, and controlling the project resources.

        	Resource Breakdown Structure helps the team to illustrate the resource needs in a hierarchical structure.

        	The resource estimation techniques are expert judgment, alternative analysis, analogous estimating, and bottom-up estimating.

        	Allocation of the resources to the project activities is called “Resource Loading.”

        	Resource leveling examines the unbalanced use of resources (usually people or equipment) over time and for resolving overallocation or conflicts.

        	Schedule compression techniques such as crashing and fast-tracking are utilized to accelerate the project.

      

    

  

   

  




  
  





8.9 Multiple-Choice Questions


  
  There are 5 questions for this chapter.  You will get immediate feedback as you submit each answer and be taken to the next question.

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=270

  

  

  




  
  





8.10 Exercises


  
  
    
      Exercise 1: Resource Allocation and Leveling for the Smart Home Project

    

    
      SmartTech Inc., a leading fictional company in home automation, has been contracted to install a comprehensive smart home automation system for a luxury residence. The system includes smart lighting, security cameras, and voice-controlled HVAC systems. The homeowner expects the installation to be completed in 4 weeks to align with their move-in date.

      The project involves the following activities:

      	Activity 	Description 	Duration 	Predecessors 	Resources Required 
  	A 	Perform home assessment 	2 days 	– 	2 assessors 
 	B 	Procure equipment 	7 days 	– 	Procurement team 
 	C 	Install smart lighting systems 	3 days 	A, B 	2 technicians 
 	D 	Install security camera systems 	2 days 	A, B 	2 technicians 
 	E 	Install HVAC systems 	3 days 	A, B 	2 technicians 
 	F 	Perform system testing 	1 day 	C, D, E 	1 technician, 1 quality analyst 
 	G 	Provide homeowner training 	1 day 	F 	1 trainer 
  

      The team includes:

      
        	2 assessors

        	3 technicians

        	1 quality analyst

        	1 trainer

      

      
        Tasks and Questions
      

      
        Part 1: Resource Allocation
      

      
        	Create a Resource Allocation Plan: Assign resources to each activity based on the requirements and available team members. 	Create a resource allocation table for all activities.



        	Identify Overallocations: 	Review the resource allocation and identify any overallocation issues.
	Highlight the specific activities and days where conflicts occur.



      

      
        Part 2: Resource Leveling
      

      
        	Apply Resource Leveling: Adjust the schedule to resolve overallocation issues using resource leveling techniques. 	Reallocate tasks to balance the workload.
	Adjust the start dates of activities if necessary.



        	Analyze the Impact: 	How does resource leveling affect the project’s total duration?
	Are there any delays in completing the project within the homeowner’s 4-week deadline?



      

      
        	

      

    

  

   

  
    
      Exercise 2: Crashing Activities

    

    
      Below is a WBS for a project that includes durations and predecessors.

      	Activity ID 	Activity 	Predecessor(s) 	Duration (days) 
 	A 	Define Project Scope 	None 	3 
 	B 	Identify Stakeholder Requirements and Conduct Feasibility Study 	A 	9 
 	C 	Develop Project Charter and Initial Plan 	B 	7 
 	D 	Create Wireframes and Mockups 	C 	7 
 	E 	Prepare Testing Environment 	C 	6 
 	F 	Develop Front-End and Back-End Components 	D 	12 
 	G 	Integrate Components and Test Functionality 	E, F 	8 
 	H 	Conduct User Acceptance Testing (UAT) 	G 	6 
 	I 	Deploy and Optimize Performance 	H 	7 
  

      
        Tasks and Questions
      

      
        	
          Draw the Network Diagram:
          
            	Based on the table above, create a network diagram that visually represents the sequence of activities. Ensure all dependencies (finish-to-start) are correctly illustrated. Apply forward pass and backward pass.

            	Indicate each activity’s duration, ES, LS, EF, LF, and slack in the network diagram.

            	Which activities are in the critical path?

          

        

        	
          Crash the Project:
          
            	Crash two activities and explain: 	Which activities will be shortened?
	Explain how you can shorten activities, for example, by assigning more resources. Explain which resources can be increased or which new resources can be allocated.
	How will the overall project duration be affected?
	Indicate if the critical path changed.



          

        

      

    

  

   

  




  
  





Chapter 9. Budget and Procurement




9.0 Learning Objectives and Overview


  
  
    
      Learning Objectives

    

    
      
        	Define the project cost and explain its types.

        	Create a project cost plan to help guide the project team through the implementation and closure phases of the project.

        	Define the budget estimation techniques.

        	Describe the process of documenting project procurement decisions, specifying the approach, and identifying potential sellers.

        	Practice the allocation of resources and calculation of their costs with Microsoft Project.

      

    

  

  Overview

  While planning all the knowledge areas (e.g., scope, schedule, cost, quality, stakeholders, risks), the project manager should be aware that all knowledge areas are tightly linked. That is, it is not possible to start with cost or quality first. The scope is the starting point when project managers, with the help of business analysts, subject matter experts, clients, the project sponsor, and various stakeholders, identify the project purpose, measurable objectives, requirements, deliverables, and WBS activities. Whereas scope, time, and cost are the main constraints of a project, all three are tightly linked to the resources, which are other constraints that include time and cost as critical resources. After the scope (see Chapter 3 and Chapter 4) and schedule (see Chapter 7) are delineated, the project manager can continue with the identification and allocation of resources based on the scope (requirements and project activities) and the schedule (how project activities are sequenced with duration for each of them). Allocation of resources allows the project manager to determine the overall project budget, most of which is spent on resources (Chapter 8).

  Every project boils down to money. If we had a bigger budget, we could probably get more people to do the project quickly and deliver more. That’s why no project plan is complete until we develop a budget. But no matter whether the project is big or small, and no matter how many resources and activities are in it, the process for figuring out the financial bottom line is always the same. This chapter starts with defining the project cost and its types, then elaborates on the cost management plan, continues with how to estimate costs and determine the budget, and ends with project procurement management. We will expand the Microsoft Project exercises that we have already completed in Chapter 4 (scope), Chapter 7 (schedule), and Chapter 8 (resources) by specifying the cost for all the activities and the overall project.

  




  
  





9.1 Project Costs


  
  One of the criteria for project success is completing the project within budget. A critical project management skill is developing and controlling a project budget to accomplish the project objectives. Although stakeholders expect the project to be executed effectively and efficiently, pressures to remain within budget vary based on the unique constraints and priorities of the project. On some projects, the project completion date is the highest priority, leading to a more flexible budget that accommodates the inflexible deadline. Moreover, the project’s scope may be scaled back if it is too ambitious to finish in time. On other projects, for example, ones with limited funding available, remaining within budget is the highest priority. Effective cost management is imperative when this is the case, and trade-offs with scope, quality, and/or time may be required.

  
    9.1.1 
    Project Failures Due to Project Costs
  

  
    
      Boston’s Infamous Big Dig (Central Artery/Tunnel) Project
    

    
      One of the notorious examples of project budget overrun is Boston’s Big Dig project although its outcome had significant benefits for Boston residents by lowering traffic jams and pollution[1]. Central Artery/Tunnel Project, the project’s official name, was the largest, most challenging highway project in the history of the United States. This project aimed to reduce traffic and improve mobility in one of America’s oldest, most congested major cities. Although the project had been planned in the 1980s, it was completed in 2007. Its original completion was scheduled in the late 1990s, and its original cost was estimated to be about 3 million dollars[2]. However, including the interest to be paid, the total cost was estimated to be 24 million dollars[3]. As listed by Greiman and Warburton (2009)[4], common causes for cost escalation on the Big Dig included the failure to include a cost for inflation in each contract, delays in project completion, and the actual inflation rate greater than the planned estimate. Other factors that impacted the Big Dig were financing shortfalls and interest rates, scope changes, shortages of materials and labor, price increases and market changes, weak project managers, technical and design complexity, unexpected events and force majeure, and political and legal risks.

      The Big Dig project is considered a mega project. Unfortunately, many mega projects suffered a substantial cost overrun as well as other problems regarding the scope, schedule, risks, and resources, leading to cost overruns. However, smaller projects, even our personal projects such as moving to another house and going on a summer vacation, may experience problems with the cost. When problems start in a project, the sponsor, clients, and other stakeholders first realize the abnormality in the budget, which explicitly reflects something going bad. The more money we spend over the estimated budget, the more it hurts the stakeholders since the financial assets of a project, organizations, and individuals can be analogous to the blood of a living thing.

    

  

  Some of the reasons why projects fail to keep themselves on track concerning their budget can be outlined below:

  
    	Project activities may not be identified in accordance with the project objectives and product scope. For example, if the project manager doesn’t include the travel and accommodation expenses required for the factory test in another city or country.

    	The duration of project activities may not be estimated correctly, thus leading to shorter or longer duration. For example, if an activity’s duration is determined as one week, which requires at least two weeks to complete all the tasks, an additional week would lead to more labor and material costs.

    	Underestimation of costs per activity and resource. Let’s assume that the minimum hourly wage of a systems analyst is currently $30, and it is difficult to find one who can accept a wage below $30. However, we take into account the costs of a similar project which was completed two years ago. Thus, we estimated $20 per hour for a systems analyst. If two analysts work for 100 hours in total, this underestimation could cause us to spend an additional $1,000 in the best scenario.

    	Risk identification is an essential process during the planning phase. If risks cannot be identified properly (see Chapter 10), for instance, if a risk that may put the project in jeopardy is overlooked, we will need to allocate an additional budget in case the risk occurs. Worse, the project may fail, which cannot be saved with an additional budget.

  

  
    9.1.2 
    Project Cost Types
  

  There are generally three different types of project costs:

  
    	Direct costs

    	Project-induced overhead costs

    	General administrative costs

  

  The primary difference between these costs is how closely related they are to the project’s specific activities.

  Direct costs are directly related to specific project tasks. These costs represent the labor, time, and materials associated with specific tasks. If a software developer works on our m-commerce project for 40 hours, each hour they work on coding the mobile application will be a direct cost. These are generally variable costs, as for software developer costs.

  Project-induced overhead costs are incurred due to the project’s existence but are not directly related to specific tasks. These costs represent the compensation paid to individuals supporting the project, such as the project leader and their support staff (project analysts, coordinators, etc.). These costs also represent materials, facilities, and related equipment purchased to support the project in general. The rental and maintenance of workspace for the project team members, as well as their computers and related information technology, supplies, and lunch (if provided), are all examples of overhead costs. If we rent an office for the developers and testers to work together, this fixed cost would also be a direct cost.

  Lastly, general administrative costs are indirectly related to a project and are incurred even if the project is not carried out. Examples of this type of cost include marketing, human resources, and accounting department-related expenses. These departments may provide ad-hoc and minimal support to the project teams. As a result, the project sponsors may want a portion of their costs allocated to all projects underway in the organization. Allocating a portion of the costs to the project provides the executive with a full picture of all costs incurred due to the implementation of strategic change initiatives in the organization. Since the allocation methods are often very subjective, many organizations exclude general administrative costs from the project budget.

  It is important to note that some projects require the direct involvement of these administrative functions. This should be clearly identified in the project’s work breakdown structure. For instance, a project that involves introducing new technology will alter how people work, and this may require members of the human resources department to reevaluate existing job descriptions, compensation levels, and so forth.  In this instance, the human resources function is a work package, and the costs associated with their work are direct costs.

  

  
    
      	The Big Dig: project background. (n.d). Highway Division - Massachusetts Department of Transportation. Retrieved from https://www.mass.gov/info-details/the-big-dig-project-background↵


      	Retrieved from https://interestingengineering.com/7-big-facts-about-the-big-dig↵


      	Tran A.B. (2014). Federal spending on Massachusetts transportation over time. Retrieved from https://www.bostonglobe.com/2014/12/05/federal-spending-massachusetts-transportation-over-time/eIx7CAnnHS33eaIFbuinIM/story.html↵


      	Greiman, V. & Warburton, R. D. H. (2009). Deconstructing the Big Dig: best practices for mega-project cost estimating. Paper presented at PMI® Global Congress 2009—North America, Orlando, FL. Newtown Square, PA: Project Management Institute. ↵


    

  

  




  
  





9.2 Project Cost Management Plan


  
  As described in Chapter 4, project planning is at the heart of the project life cycle and tells everyone involved where we are going and how we will get there. It involves creating a set of plans to help guide our team through the implementation and closure phases of the project. The project cost management plan is one of the sub-plans of our overall project plan. It provides project managers guidelines on estimating, budgeting, managing, monitoring, and controlling project costs[1].

  A project cost management plan consists of similar items that we have in a schedule management plan. This plan can consist of the following[2]:

  
    	
      Process descriptions
      
        [3]
      
      
        	What processes will be used for cost management?

        	These processes include planning, estimating costs, and establishing the overall budget.

      

    

    	
      Unit of measurement
      
        	Daily working hours and shifts for human resources and equipment

        	Weekends and/or off-days for especially human resources

        	Metric (e.g., meter, liter, kilogram) or imperial (e.g., inch, gallon, pound) system measurement units

      

    

    	
      Level of accuracy
      
        	Acceptable range to ensure realistic cost estimates (e.g., ±10%, ±20)

        	Evaluation of the impact of risks on the costs of each activity and overall project based on the project risk management plan

        	Methods describing how the cost contingencies will be assessed.

        	Procedure to account for fluctuations in currency exchange rates

      

    

    	
      Level of precision
      
        	The degree to which cost estimates will be rounded up or down (e.g., $95.55 to $96; $95.45 to $95; $495.75 to $496 or $500)

        	Evaluated based on the scope, size, and complexity of the project.

      

    

    	
      Cost estimation methods
      
        	Estimation methods (e.g., expert judgment, analogous, parametric, three-point, bottom-up) and when they will be utilized.

      

    

    	
      Methods, tools, and software utilized to develop, manage, and monitor project cost
      
        	Specify the organizational procedures and policies if they should be utilized.

        	Methods and tools such as control accounts, WBS, project baseline, Earned Value Management, and critical path method

        	Reserve analysis to set aside some money for cost overruns due to risks in order to implement risk mitigation strategies.

        	Software such as Microsoft Project Professional, Excel, Visio, and Jira (for Kanban and Scrum), and online collaboration tools such as Monday, Trello, and Basecamp.

      

    

    	
      Rules for monitoring cost performance
      
        	Earned Value Management (EVM)

        	Defining the points in the WBS at which measurement of control accounts will be performed

        	How strategic funding choices would be managed.

        	Control thresholds for deviations from the parameters in the cost baseline

        	Using software such as Microsoft Project

      

    

    	
      Reporting formats
      
        	Reporting formats and frequency should be in alignment with other project plans.

        	When, how frequently, and to whom are we reporting?[4]

      

    

    	
      Approval of the cost baseline
      
        	Who will be responsible for preparation and control?

        	Who will approve the cost baseline?

      

    

  

  
    

  

  

  
    
      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


      	Harrin, E. (2014) 7 Things for your cost management plan. Retrieved from https://www.projectmanagement.com/blog-post/7645/7-things-for-your-cost-management-plan↵


      	Harrin, E. (2014) 7 Things for your cost management plan. Retrieved from https://www.projectmanagement.com/blog-post/7645/7-things-for-your-cost-management-plan↵


    

  

  




  
  





9.3 Estimating Costs and Determining Budget


  
  As detailed in Chapter 2, financial indicators are commonly utilized in business case documents and their accompanying benefits management plan while selecting projects to continue with. Whereas financial indicators such as profitability, NPV (Net Present Value), and payback period are helpful in the selection process to understand the economic feasibility of the projects, we should emphasize again that there are multiple criteria besides financial indicators. During this selection process and when the project is conceptualized to create a project charter, business analysts and project managers usually don’t have enough information to estimate an accurate cost. Therefore, estimation techniques such as expert judgment and analogous estimating could be more helpful during the earlier stages. Expert judgment of experienced managers can help make more accurate estimates with less detailed information. Estimates in the earliest stages also include information from previous projects (i.e., analogous estimating) that can be adjusted and scaled to match the size and complexity of the current project. Besides, standardized formulas can be used (parametric estimating). When we estimate early in the project without knowing much about it, that estimate is called a rough order-of-magnitude estimate (or a ballpark estimate). This estimate will become more refined as time passes and we learn more about the project. In a later stage, the planning phase, when we develop the WBS and activity list, bottom-up estimating accompanied by three-point estimates can generate cost estimates with better accuracy.

  Estimating costs aims to determine the monetary resources required for the project[i][1]. To estimate costs for individual activities and the overall project, as explained above, we can use the techniques we utilized to estimate schedule and resources. This book will describe five tools and techniques for estimating costs.

  
    9.3.1 
    Expert Judgment
  

  As discussed in Chapters 7 and 8, the project team consults domain and implementation subject matter experts with technical knowledge and experience in the areas in which the project activities are related. These experts are those who have worked on previous similar projects and/or those who have information in the industry, discipline, and application area[2]. Experts in organizations’ finance, accounting, and procurement departments are usually consulted. All these experts can be consulted during the pre-project work[3], and also during the initiating and planning.

  
    9.3.2 
    Analogous estimating
  

  As discussed in Chapters 7 and 8, information and lessons learned from previous projects, standards provided by regulatory agencies, government organizations, and occupational associations, and the data that rely on articles, books, journals, and periodicals can be utilized to estimate costs. If a similar project costs a certain amount, then it can be reasonable to assume that the current project will cost about the same. However, many factors must be considered since copying the costs from previous projects and pasting them on the new project’s cost tables wouldn’t work for most projects. Few projects have the same size and complexity. Therefore, estimates must be adjusted upward or downward to account for the differences. Inflation, currency rates, and socioeconomic conditions are important indicators that would entail an adjustment. The selection of similar projects and the adjustment needed is up to the judgment of the person or the team who makes the estimate. It should include the lessons learned from previous projects, both at organizational and individual levels. Therefore, this judgment is based on many years of experience, including successful and unsuccessful projects and their estimates.

  
    9.3.3 
    Parametric estimating
  

  As explained in Chapter 7, we can use equations and algorithms to calculate the costs in this estimation technique. This method is quantitative. Estimates are calculated by multiplying measured parameters by cost-per-unit values. If the project consists of activities that are common to many other projects, average costs are available per unit. For example, if we ask a construction company how much it would cost to build a standard office building, they will ask for the size of the building in square feet and the city in which it will be built. From these two factors—size and location—the company’s estimator can predict the cost of the building. Factors like size and location are parameters—measurable factors that can be used in an equation to calculate a result. The estimator knows the average cost per square foot of a typical office building and adjustments for local labor costs. Other parameters, such as the quality of finishes, are used to refine the estimate further. Readers can visit Cost To Build’s website https://www.costtobuild.net/calculator.html to estimate the cost of their dream houses and garages. In Chapter 7, for Grocery LLC’s m-commerce project, we calculated the time software developers need to create 200 lines of code for a module. Based on the previous projects and the feedback from the subject matter experts, we have estimated that a developer can finish 40 lines in an hour and, hence, 200 lines in 5 hours. We also added a one-hour break and a two-hour review for this task. Therefore, the total work hours amounted to 8 hours. If the average hourly rate of a software developer is $50, for this activity, we will pay $400 ($50 x 8 hours). Project managers can also prefer deducting one hour of break time. This technique can produce higher levels of accuracy depending on the sophistication and underlying data built into the model. Parametric estimates can be applied to the whole project or its segments in conjunction with other estimating methods[4].

  
    9.3.4 
    Three-point estimating
  

  As is done for activity duration estimates (see Chapter 7), cost estimates can also be done based on three scenarios:

  
    	A realistic estimate (most likely to occur – m)

    	An optimistic estimate (best-case scenario – o)

    	A pessimistic estimate (worst-case scenario – p)

  

  Please refer to the exercise inside the “7.3 Estimating Activity Durations” sections in Chapter 7. Furthermore, three-point estimating is detailed in “9.3.1 Case Study 9.1: Estimating the Cost for M-Commerce Project’s Scope Component”.

  
    9.3.5 
    Bottom-up estimating
  

  As discussed in Chapters 7 and 8, we decompose our project activities through WBS by breaking down complex activities into pieces – work packages. Cost estimation can be made more accurately after each activity duration and the resources required for each activity are identified. It is a process of estimating individual activity costs and then adding them to create a total estimate. It takes considerable time to perform bottom-up estimating because every activity must be assessed and estimated accurately to be included in the bottom-up calculation. The smaller and more detailed the activity, the greater the accuracy and cost of this technique. Parametric estimating and three-point estimating are commonly utilized together with bottom-up estimating.

  
    
      Estimating the Cost for M-Commerce Project’s Scope Component
    

    
      Let’s continue with our example in Chapter 8. Table 9.3.1 is the revised resource usage calendar (Table 8.4.2) after leveling resources.

      
        Table 9.3.1: Resource Usage Calendar after Resource Leveling
      

      	Resource Name 	Work 	May 2 	May 9 	May 16 	May 23 	May 30 
  	Systems Analyst 1 	168 hrs 	40 	32 	40 	24 	32 
 	Clarify project purpose and determine project scope  	40 hrs 	40 	 	 	 	 
 	Develop high-level scope  	32 hrs 	 	32 	 	 	 
 	Develop high-level schedule  	48 hrs 	 	 	40 	8 	 
 	   Identify main resources and develop a high-level budget  	16 hrs 	 	 	 	16 	 
 	Identify key stakeholders and project team member roles  	16 hrs 	 	 	 	 	16 
 	Develop project approval requirements and project exit criteria  	16 hrs 	 	 	 	 	16 
 	Systems Analyst 2 	144 hrs 	40 	0 	40 	24 	40 
 	Clarify project purpose and determine project scope  	40 hrs 	40 	 	 	 	 
 	Identify overall project risks 	40 hrs 	 	 	40 	 	 
 	Identify main resources and develop a high-level budget  	16 hrs 	 	 	 	16 	 
 	Identify key stakeholders and project team member roles  	24 hrs 	 	 	 	8 	16 
 	Develop project approval requirements and project exit criteria  	24 hrs 	 	 	 	 	24 
 	Sales & Marketing Expert 1 	64 hrs 	40 	0 	0 	8 	16 
 	Clarify project purpose and determine project scope  	40 hrs 	40 	 	 	 	 
 	   Identify key stakeholders and project team member roles  	24 hrs 	 	 	 	8 	16 
 	Sales & Marketing Expert 2 	64 hrs 	40 	0 	0 	8 	16 
 	Clarify project purpose and determine project scope  	40 hrs 	40 	 	 	 	 
 	   Identify key stakeholders and project team member roles  	24 hrs 	 	 	 	8 	16 
  

       

      To conduct a parametric estimating, we should know the hourly rates of these four human resources. In this example, we assume that we only use these resources, and they work full-time in project activities. Their hourly rates are given in Table 9.3.2 below. Besides these four human resources, the project manager is always involved in all project activities to coordinate them and ensure they are smoothly performed and completed. Therefore, we won’t assign an hourly rate to the project manager but a weekly rate of $2,000. The duration of “Scope” is 6 weeks. Therefore, the cost of the project manager is $12,000 for the “Scope”.

      
        Table 9.3.2: Hourly Rates of Four Team Members
      

      	Human Resources 	Hourly Rate 	Total Work Hours 	Total Cost for the Scope 
 	Systems Analyst 1 	$30.00 	168 	$5,040.00 
 	Systems Analyst 2 	$30.00 	144 	$4,320.00 
 	Sales and Marketing Expert 1 	$20.00 	64 	$1,280.00 
 	Sales and Marketing Expert 2 	$20.00 	64 	$1,280.00 
 	Project Manager 	$2,000.00 (Weekly rate) 	6 weeks 	$12,000.00 
 	TOTAL 	 	 	$23,920 
  

      As seen in Table 9.3.2, parametric estimating has been used to calculate the total costs for the scope. For instance, systems analyst 1 will be paid $5,040, resulting from a multiplication of $30 by 168 hours. We also added the project manager’s six-week cost making the total cost for the “Scope” $23,920.

      Table 9.3.3 details the costs by activity. As seen in this table, work packages under 1.3 are added to compute the total cost of 1.3, and all the activities are added to compute the total cost of the “Scope.”

      
        Table 9.3.3: Bottom-Up Estimating for the “Scope”
      

      	WBS 	Activity Name 	Cost 
 	1.1 	Clarify project purpose and determine project scope 	$4,000.00 
 	1.2 	Secure project sponsorship 	$0.00 
 	1.3 	Secure project charter 	$7,920.00 
 	1.3.1 	Develop high-level scope 	$960.00 
 	1.3.2 	Identify overall project risks 	$1,200.00 
 	1.3.3 	Develop high-level schedule 	$1,440.00 
 	1.3.4 	Identify main resources and develop a high-level budget 	$960.00 
 	1.3.5 	Identify key stakeholders and project team member roles 	$2,160.00 
 	1.3.6 	Develop project approval requirements and project exit criteria 	$1,200.00 
 	1.4 	Approval of project charter by the sponsor 	$0.00 
 	1.5 	Secure core resources 	$0.00 
 	1.6 	Initiation stage complete 	$0.00 
 	 	Project Manager’s Salary 	$12,000.00 
 	 	TOTAL COST OF SCOPE 	$23,920.00 
  

      Let’s also assume that, first, we utilized a three-point estimation for the activities of 1.3 in the initiation phase, as seen in Table 9.3.4. Still, then we had details of each activity (e.g., requirements to be met, hours that team members should work to finish the activities) and recruited the people by signing contracts. Table 9.4 shows the three-point estimation in a beta distribution. The calculation below is for activity 1.3.1. After all the costs are estimated, we can add all of them to compute the total cost of 1.3 (Bottom-up estimating).

      Beta distribution:

      
        [image: ]
      

       

       

      
        Table 9.3.4: Three-Point Estimating for 1.3 of the “Scope”
      

      
        	WBS 	Optimistic 	Most Likely 	Pessimistic 	Cost 
 	1.3 	 	 	 	$7,913.33 
 	1.3.1 	735 	890 	1500 	$965.83 
 	1.3.2 	850 	1150 	1600 	$1,175.00 
 	1.3.3 	925 	1550 	1945 	$1,511.67 
 	1.3.4 	515 	825 	1600 	$902.50 
 	1.3.5 	1450 	2035 	3250 	$2,140.00 
 	1.3.6 	880 	1165 	1770 	$1,218.33 
  

      

    

  

  Project management software such as Microsoft Project will often have features designed to help project managers estimate resource needs and constraints and accordingly compute the costs for each activity and the overall project. Please see 9.6 “Microsoft Project Tutorials.”
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9.4 Establishing the Project Budget


  
  Once the cost of each activity is estimated, it is possible to determine how much money is needed for each activity and component and the whole project. The process of subtotaling costs by category or activity is called cost aggregation. PMBOK Guide Sixth Edition defines this process as “Determine Budget,” which is a process of aggregating the estimated costs of individual activities or work packages to establish an authorized cost baseline[1]. This baseline is a time-phased budget that can be used to measure and monitor cost performance after it has been approved by the key project stakeholders. The aggregated budget is integrated with the project schedule to produce the time-phased budget. Costs are associated with tasks, and since each task has a start date and a duration period, it is possible to calculate how much money will be spent by any particular date during the project. Recognizing that all the money required to deliver the project is not needed upfront allows the cash flow needs of the project to be effectively managed. For smaller organizations facing cash flow challenges, this can result in significant savings as the money required to pay for resources can be transferred to the project account shortly before it is needed.

  Figure 9.1 illustrates the project budget components. While estimating the costs (see section 9.3), the project team should take into account the uncertainties that may affect the costs. This requires a reserve analysis in line with risk management (See Chapter 10). Therefore, cost estimates are accompanied by contingency reserves for each activity and work package, if applicable. As can be seen in Figure 9.4.1, the contingency reserve is included within the cost baseline. Therefore, these reserves must be incorporated into the baseline to monitor and control the project cost performance.

  
    [image: Project budget components are displayed in this figure. Starting from the far right side, activity contingency reserve and activity cost estimates constitute work package cost estimates. When it combines with the contingency reserve, they create control accounts, and the cost baseline, which are equal. Cost baseline is combined with the management reserve, and forms the project budget, which is on the far left of the chart.]
    Figure 9.4.1: Project Budget Components 
Adapted from PMBOK Guide Sixth Edition

  

  Let’s elaborate more on the reserve analysis. Contingency reserves are determined according to the risks that can be identified by the project team. Thus, they are called “known-unknowns”. In our m-commerce project, our team identified a risk regarding the shortage of software developers. The demand for developers increased recently since the demand for online games and mobile apps has been on a sharp rise after the emergence of the COVID-19 pandemic. Therefore, we may experience a shortage of developers in the market. This risk can directly affect the activities under “2. Analysis/App Requirements” and “4. Development”. Therefore, allocating contingency reserves to each affected activity would be appropriate. Unlike contingency reserve, management reserve is determined based on “unknown-unknowns” and applies to the whole budget. One obvious risk that emerged at the end of 2019 and has had a severe impact on all countries since March 2020 is the COVID-19 pandemic. This pandemic was an unknown-unknown for all the projects across the world.

  The contingency reserve amount for each activity or a higher WBS level is determined after the risks and the strategies are identified and detailed (see Chapter 10). For instance, if an activity to test a website’s functions and security is estimated to cost $10,000, the project team can put an additional budget of $2,000 to ensure an effective response to the security gaps if they occur. Then, the cost baseline of this activity becomes $12,000 ($10,000 + $2,000). It can be adjusted when more information becomes available as time passes and activities are conducted and completed. New risks may also emerge that have not been forecasted while the project management plans are being prepared. This is why project teams have regular meetings at which all the project components, issues, and risks are reviewed, which allows the team to take timely actions.

  Looking back at Table 9.3.3, we can see that the contingency reserves are not determined; therefore, the cost baseline includes only the resource costs. Let’s assume the project team agreed on contingency reserves for three activities, as shown in Table 9.4.1 below. Therefore, the cost baseline increases from $23,920 to $24,920.

  
    Table 9.4.1: Cost Estimates and Contingency Reserves for “Scope” Component
  

  	WBS 	Activity Name 	Cost 	Contingency Reserve 	Cost Baseline 
 	1.1 	Clarify project purpose and determine project scope 	$4,000.00 	$300.00 	$4,300.00 
 	1.2 	Secure project sponsorship 	$0.00 	$0.00 	$0.00 
 	1.3 	Preparation of project charter 	$7,920.00 	$0.00 	$7,920.00 
 	1.3.1 	Develop high-level scope 	$960.00 	$0.00 	$960.00 
 	1.3.2 	Identify main resources and develop a high-level budget 	$1,200.00 	$0.00 	$1,200.00 
 	1.3.3 	Develop high-level schedule 	$1,440.00 	$0.00 	$1,440.00 
 	1.3.4 	Identify main resources and develop a high-level budget 	$960.00 	$400.00 	$1,360.00 
 	1.3.5 	Identify key stakeholders and project team member roles 	$2,160.00 	$300.00 	$2,460.00 
 	1.3.6 	Develop project approval requirements and project exit criteria 	$1,200.00 	$0.00 	$1,200.00 
 	1.4 	Approval of project charter by the sponsor 	$0.00 	$0.00 	$0.00 
 	1.5 	Secure core resources 	$0.00 	$0.00 	$0.00 
 	1.6 	Initiation stage complete 	$0.00 	$0.00 	$0.00 
 	 	Project Manager’s Salary 	$12,000.00 	$0.00 	$12,000.00 
 	 	TOTAL COST OF SCOPE 	$23,920.00 	1,000.00 	$24,920.00 
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9.5 Managing Project Costs


  
  A key aspect of ongoing cost management is monitoring cost estimates. Projects seldom go according to plan in every detail. Baseline budgets often change after they have been approved. Successful project leaders understand that estimates are just that, estimates. As new information and real experience occur, it may be necessary to revise an estimate.

  Sometimes, the revision is minor and does not impact the project’s total budget achievement. In other instances, the necessary revisions are significant, and a new baseline needs to be created. Project managers need to discuss the ongoing management of the schedule with key stakeholders to understand their expectations of when/how they are informed of changes that need to be made. Stakeholders’ expectations for ongoing cost management can be documented in the Cost Management Plan.

  The project manager must be able to identify when costs are varying from the budget and, thus, manage these variations. A project manager must regularly compare the amount of money spent with the budgeted amount and report this information to managers and stakeholders. It is necessary to establish an understanding of how this progress will be measured and reported.  Earned Value Management (EVM) is an effective tool project managers use to monitor and control these variations. We will elaborate on EVM in Chapter 11.

  If the total amount spent on a project is equal to or less than the amount budgeted, the project can still be in trouble if the funding for the project is not available when it is needed. There is a natural tension between the financial people in an organization, who do not want to pay for the use of the money just sitting in a checking account, and the project manager, who wants to be sure that there is enough money available to pay for project expenses. The financial people prefer to keep the company’s money working on other investments until the last moment before transferring it to the project account. The contractors and vendors have similar concerns, and they want to get paid as soon as possible so they can put the money to work in their own organizations. The project manager wants to have as much cash as possible if activities exceed budget expectations.

  As explained in section 9.4, project managers keep contingency and management reserves in case risks occur and activities need more money. In practice, most projects face uncertainties that increase costs above the original estimates. Estimating the likelihood of such uncertainties is part of risk analysis, which is discussed in more detail in Chapter 10.

  




  
  





9.6 Project Procurement Management


  
  The procurement effort on projects varies widely and depends on the type of project. The “procurement cycle” reflects all procurement-related activities from when the decision is made to outsource equipment to the payment of bills and closing of procurement contracts.

  In less complex projects, the project team performs the work associated with procurement management. The procurement cycle includes:

  
    	Identifying the required materials, equipment, and supplies

    	Identifying the potential vendors

    	Preparing requests for quotes (RFQs) and requests for proposals (RFPs), which include product/service specifications and a detailed delivery schedule

    	Evaluating RFQs and RFPs to select the most suitable vendors

    	Awarding and signing contracts

    	Administering the contract and monitoring vendors’ performance

    	Managing contract changes

    	Closing out the contract upon work completion

  

  On more complex projects, procurement professionals may be assigned to assist the team throughout the project’s lifetime.

  
    9.6.1 
    Procurement Management Plan
  

  In order to manage the process effectively and efficiently, we need to plan as we did for all the other knowledge areas (i.e., scope, schedule, cost, stakeholders, communication, and resources). Therefore, we must prepare a procurement management plan to document project procurement decisions, specify the approach, and identify potential sellers[1]. We must consider all the work we will contract before doing anything else. We will want to plan for any purchases and acquisitions. Here’s where we closely examine our needs to ensure we create a contract. Therefore, we should figure out what kinds of contracts make sense for our project, and we try to define all of the parts of our project that will be contracted out. We work out how we manage contracts, what metrics contracts should meet to be considered successful, how we will pick a seller, and how we will administer the contract once the work is happening.

  The procurement management plan details how the procurement process will be managed. It can include the following information:

  
    	Roles and responsibilities of the project team and procurement professionals

    	The types of contracts we plan to use and any metrics that will be used to measure the contractor’s performance.

    	The planned delivery dates for the work or products we are contracting.

    	The organization’s standard procurement documents and processes that our project must use and comply with.

    	How many vendors or contractors are involved and how they will be managed.

    	How purchasing may impact the constraints and assumptions of the project plan.

    	Coordination of purchasing lead times with the development of the project schedule.

    	Identification of prequalified sellers (if known).

  

  Like all other management plans, the procurement management plan becomes a subsidiary of the project management plan. Some tools and techniques we may use during the procurement planning stage include make or buy analysis and defining the contract type.

  
    9.6.2 
    Make or Buy Analysis
  

  This means figuring out whether or not we should be contracting the work or doing it ourselves. It could also mean deciding whether to build a solution for the organization’s or client’s needs or buy one already available in the market. Most of the same factors that help us make every other major project decision will help us with this one. How much does it cost to build it as opposed to buy it? How will this decision affect the scope of the project? How about the project schedule? Do we have time to do the work and still meet our commitments? We must carefully think through our reasoning as we plan what we will and won’t contract.

  There are some resources (like heavy equipment) that our company can buy, rent, or lease, depending on the situation. We must examine leasing versus buying costs and determine the best way forward.

  
    9.6.3 
    Contract Types
  

  We should know a little about the major contracts to choose the one that creates the fairest and most workable deal for us and the contractor. Some contracts are fixed price. No matter how much time or effort goes into them, we always pay the same (Figure 9.6.1). The cost (or revenue to the vendor) is constant regardless of the effort applied or the delivery date. Some contracts are cost-reimbursable, also called cost plus (Figure 9.6.2). This is where the seller charges us for the cost of doing the work plus some fee or rate. The seller is guaranteed a specific fee in a cost-reimbursable or cost-plus contract. The third major contract is time and materials (Figure 9.6.3). That’s where the buyer pays a rate for the time spent working on the project and all the materials used to do the work. In a time and materials contract, the cost (or revenue to the vendor) increases with increased effort.

  
    [image: When the effort increases, the cost remains fixed, and the profit declines.]
    Figure 9.6.1: A fixed-price contract

  

  
    [image: When effort increases, the cost increases and the profit remains fixed.]
    Figure 9.6.2: A cost reimbursable or cost plus

  

   

  
    [image: When the effort increases, the cost and profit, both, increase. The increase in cost is larger than the increase in profit.]
    Figure 9.6.3: A time and materials contract

  

  Contractual agreements with vendors often require partial payment of their costs during the project. Those contracts can be managed more conveniently if the unit of measure for partial completion is the same as that used for cost budgeting. For example, if a graphic designer assembles several pieces of artwork for a textbook, their contract may call for partial payment after 25% of their total number of drawings is complete.
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9.7 Microsoft Project Tutorial


  
  For the MS Project tutorial, let’s continue with our example of the project for developing a mobile application. Here, we are building upon the Chapter 8 tutorial. Therefore, we are working on “1. Scope” (Table 9.7.1). This table also includes the duration, start and finish dates, and predecessors.

  
    Table 9.7.1: WBS for the Scope Activities of the M-Commerce Project
  

  	WBS 	Task Name 	Duration 	Start 	Finish 	Predecessors 
 	1 	Scope 	35 Days 	Mon 5/2/22 	Mon 6/20/22 	 
 	1.1 	Clarify project purpose and determine project scope 	5 days 	Mon 5/2/22 	Fri 5/6/22 	2 
 	1.2 	Secure project sponsorship 	1 day 	Mon 5/9/22 	Mon 5/9/22 	3 
 	1.3 	Preparation of project charter  	22 days 	Tue 5/10/22 	Wed 6/8/22 	 
 	1.3.1 	Develop high-level scope 	4 days 	Tue 5/10/22 	Fri 5/13/22 	3 
 	1.3.2 	Identify overall project risks 	5 days 	Mon 5/16/22 	Fri 5/20/22 	5 
 	1.3.3 	Develop high-level schedule 	6 days 	Mon 5/16/22 	Mon 5/23/22 	5 
 	1.3.4 	Identify main resources and develop a high-level budget 	2 days 	Tue 5/24/22 	Wed 5/25/22 	7 
 	1.3.5 	Identify key stakeholders and project team member roles 	8 days 	Mon 5/23/22 	Wed 6/1/22 	5,6 
 	1.3.6 	Develop project approval requirements and project exit criteria 	5 days 	Thu 6/2/22 	Wed 6/8/22 	5,6,7,8,9 
 	1.4 	Approval of project charter by the sponsor 	2 days 	Thu 6/9/22 	Fri 6/10/22 	10 
 	1.5 	Secure core resources 	5 days 	Mon 6/13/22 	Fri 6/17/22 	11 
 	1.6 	Initiation stage complete 	0 days 	Mon 6/20/22 	Mon 6/20/22 	12 
  

  We identified the resources in Chapter 8. Now, in the Resource Sheet, we can type the standard rates of resources (Figure 9.7.1).

  
    [image: Resource sheet on Microsoft Project]
    Figure 9.7.1: Resource Sheet

  

  In the Resource Sheet, there are three types of resources:

  
    	Work: Work resources are people and equipment. They have a standard rate per hour.

    	Material: Material resources are consumable supplies. They have a unit of measurement, such as tones, boxes, and cubic yards.

    	Cost: Cost resources are independent costs we want to associate with a task such as a plane ticket.

  

  In Table 9.5 (Section 9.4), we determined contingency reserves for three activities. As seen in Figure 9.7.1 above, contingency reserves were indicated as a “Cost” type independent of hourly work.  For activity 1.1, let’s double-click on the activity row. The “Task Information” window will pop up. Then, let’s click the “Resources” tab. For the work type resources (i.e., Sales and Marketing Experts and Systems Analysts), the cost is calculated automatically based on the hours worked. For the cost type, we must type the cost on this window. For activity 1.1, the contingency reserve is $300 (Figure 9.7.2).

   

  
    [image: The resources tab on the task information window on Microsoft Project. The columns are Resource Name, Assignment Owner, Units, and Cost. Contingency reserve is three hundred dollars when added.]
    Figure 9.7.2: Resources tab on the Task Information window

  

  When we finish typing the contingency reserves for the other two activities, the Gantt Chart will be as in Figure 9.7.3.

  
    [image: Gantt Chart with the resources indicated on the right of the bars]
    Figure 9.7.3: Gantt Chart with the resources indicated on the right of the bars

  

  In this tutorial, we ignore the project manager’s salary. As seen in Figure 9.7.4, we can insert a new column, “Cost,” to the left of Resource Names, and therefore, we can directly see the cost per activity on the main window (Gantt Chart view).

  
    [image: Adding a cost column to the right of Resource Names on Microsoft Project]
    Figure 9.7.4: Adding a cost column to the right of Resource Names

  

   

  




  
  





9.8 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	Allocation of resources allows the project manager to determine the overall budget, most of which is spent on resources.

        	Three types of project costs are direct costs, direct overhead costs, and general administrative costs.

        	The project cost management plan is one of the sub-plans of our overall project plan, and it provides guidelines to project managers on how to estimate, budget, manage, monitor, and control project costs.

        	The techniques to estimate costs are expert judgment, analogous estimating, parametric estimating, three-point estimating, and bottom-up estimating. Generally, project managers utilize some techniques together to estimate activity costs.

        	The process of subtotaling costs by category or activity is called cost aggregation. This process leads to the establishment of a cost baseline which is a time-phased budget that can be used to measure and monitor cost performance after it has been approved by the key project stakeholders.

        	Funds allocated to deal with known-unknowns are called contingency reserves. The monetary amount of contingency reserves is determined after the risks are identified, and the strategies to mitigate the impact of the risks are detailed.

        	Projects seldom go according to plan in every detail. Baseline budgets often change after they have been approved.

        	A project procurement management plan documents project procurement decisions, specify the approach, and identify potential sellers.

        	Project teams should determine whether to build a solution for the organization’s or client’s needs or buy one already available in the market.

        	The most common contract types are fixed-price, cost reimbursable or cost plus, and time and materials contracts.

      

    

  

   

  




  
  





9.9 Multiple-Choice Questions


  
  There are 7 questions for this chapter.  You will get immediate feedback as you submit each answer and be taken to the next question.

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=302

  

  

  




  
  





9.10 Exercises


  
  
    
      Exercise 1: GreenFuture Renewable Energy Project

    

    
      GreenFuture Inc., a fictional company, is launching a renewable energy project to install a 50 MW solar farm in Texas. The project aims to generate clean energy for 10,000 homes annually. This initiative is part of the company’s strategic plan to expand its renewable energy portfolio and support the state’s sustainability goals. The project involves various stages: site preparation, equipment installation, system testing, and final commissioning.

      
        Project Details:
      

      
        	Project Objective: Deliver a fully operational solar farm within 12 months, adhering to high environmental and safety standards.

        	
          Key Deliverables:
          
            	Clear and prepare the land (50 acres).

            	Install solar panels, inverters, and related equipment.

            	Construct an on-site substation to connect to the grid.

            	Conduct system testing and commissioning.

          

        

      

      Available Data: The following data provides insights into costs based on industry benchmarks and past projects:

      
        	
          Land Preparation Costs:
          
            	Optimistic: $150,000

            	Most Likely: $200,000

            	Pessimistic: $250,000

          

        

        	
          Equipment Installation Costs:
          
            	Parametric Estimate: $2,500 per kW for solar panel and inverter installation.

            	Total capacity: 50 MW.

          

        

        	
          Substation Construction Costs:
          
            	Analogous Estimate: $1.5 million based on a similar project completed last year.

          

        

        	
          Labor Costs:
          
            	Expert Judgment: $50/hour for electricians and $40/hour for general workers.

            	Estimated labor hours: 20,000 (split as 40% electricians and 60% general workers).

          

        

        	Project Management Costs: $150,000 for project oversight.

        	Contingency Reserve: Allocate 10% of the total direct costs.

      

      Tasks and Questions:

      
        Part 1: Estimating Costs
      

      
        	
          Land Preparation:
          
            	Use the three-point estimation method to calculate the expected cost based on the optimistic, most likely, and pessimistic estimates.

            	Which method (triangular or beta distribution) provides a more realistic cost estimate, and why?

          

        

        	
          Equipment Installation:
          
            	Calculate the total cost of installing solar panels and inverters using the parametric estimating method.

          

        

        	
          Substation Construction:
          
            	Explain the analogous estimating technique used for this activity and justify its application.

          

        

        	
          Labor Costs:
          
            	Calculate the total labor costs using the provided expert judgment data.

          

        

      

      
        Part 2: Determining Budget
      

      
        	Aggregate the estimated costs for all activities (Land Preparation, Equipment Installation, Substation Construction, and Labor Costs).

        	Add the project management cost and contingency reserve (10% of direct costs) to establish the total project budget.

        	Based on the total project budget, what cost components contribute the most, and how can they be optimized to reduce costs without compromising quality?

      

    

  

   

  
    
      Exercise 2: Allocating Resources and Costs on Microsoft Project

    

    
      You should use the solution file for Chapter 7’s Microsoft Project exercise.

      
        Table 1: Resources allocated to each activity
      

      
        	Activity 	Resources 
 	A 	HR1 
 	B 	HR2, Flight ($495), Hotel ($450) 
 	C 	HR3, Flight ($625), Hotel ($750) 
 	D 	 
 	D1 	HR1, HR2, M1 (80 units), EQ1 
 	D2 	HR2, HR3, M1 (150 units), EQ2 
 	E 	 
 	E1 	HR1, HR5, M1(100 units), EQ1 
 	E2 	HR3, HR4, M2(75 units), EQ2 
 	F 	HR4, HR5 
 	G 	HR1 
 	H 	HR3 
 	I 	HR4, HR5, M2 (40 units), EQ1 
 	J 	HR5 
 	K 	 
 	K1 	HR1, HR2, HR3 
 	K2 	HR3, M1 (100 units), M2 (80 units), EQ2 
 	K3 	HR4, HR5, M1 (50 units), M2 (125 units), EQ1 
  

      

      * HR: Human Resource, M: Material, EQ: Equipment

      
        Table 2: Resource Sheet
      

      
        	Resource 	Rate 	Type 
 	HR1 	$30.00/hr 	Work 
 	HR2 	$40.00/hr 	Work 
 	HR3 	$25.00/hr 	Work 
 	HR4 	$45.00/hr 	Work 
 	HR5 	$18.00/hr 	Work 
 	M1 	$100 	Material 
 	M2 	$150 	Material 
 	EQ1 	$25/hr 	Work 
 	EQ2 	$38/hr 	Work 
 	Flight 	– 	Cost 
 	Hotel 	– 	Cost 
  

      

      Questions

      
        	On the “Resource Sheet” page on the MS Project file, type all the available resources in Table 2.

        	In the “Resource Sheet,” select the “Type” for each resource, and type all the costs for all resources, which are available in Table 2.

        	On the “Gantt Chart” view, insert a “Cost” column to the right of “Resource Names.”

        	Allocate resources by checking them for each task on the dropdown menu.

        	Type the number of units for materials by double-clicking relevant tasks. Under the “Resources” tab on the task pop-up window, type the number of units for materials as indicated in the table above.

        	Type the costs of flights and hotels on the task pop-up window. Do not write these costs in the “Resource Sheet.” These costs are not per hour or unit. They can be different for each activity. Therefore, you must type them on the task pop-up windows.

        	Open “Resource Usage” to determine the resources that cause resource conflict. Based on the information in the “Resource Usage” window, explain the resource conflicts under the first screenshot on the Word document. Indicate which resources are overallocated in which weeks (e.g., May 2nd week: HR2).

        	Apply resource leveling to solve the resource conflict.

        	If you see any scheduling issues (e.g., underlined date), solve the scheduling issues by respecting links. Even if you don’t see it, you should apply “Respect Links” to the activities after the leveled activities.

        	Answer the questions below: 	Did the total project duration change?
	Did the total cost change?
	How did resource leveling affect activities? Which activities were scheduled? Is there any split activity? If so, explain how resources were reallocated in this activity.



        	Under the “Report” tab, click Costs and select Resource Cost Overview, and review the charts and tables.

      

    

  

   

  




  
  





Chapter 10. Project Risks




10.0 Learning Objectives and Overview


  
  
    
      Learning Objectives

    

    
      
        	Define project risks and differentiate between risk types.

        	Identify risks that may occur during the implementation of a project.

        	Describe the process of creating a project risk management plan.

        	Conduct a qualitative risk analysis.

        	Develop and implement risk responses based on the identification and analysis of risks.

      

    

  

  Overview

  
    Although project managers can prepare a well-thought-out and comprehensive project scope, schedule, cost, quality, stakeholder, and communications management plans, they cannot ensure that all these plans are free of problems that may occur due to numerous reasons during the project. Even the most carefully planned projects can run into trouble. Our project can always encounter unexpected problems no matter how well we plan. Team members get sick or quit, resources we depend on become unavailable, and even the weather can throw us for a loop (e.g., a snowstorm). So, does that mean that we are helpless against uncertainties and problems? No! During the planning phase of our project, we can estimate some of the uncertainties with their probability and impact levels, which makes them risks. If we can immediately avoid them, they can be incorporated into the project plans. For those that we cannot take action before it may occur, we can use risk planning to identify them, analyze how likely they are to occur, to what extent they may affect our project constraints, activities, decisions, and outcomes, and plan our strategies to mitigate their impacts. This chapter will clarify what a project risk is and is not, distinguish between the uncertainties and risks, and discuss both negative risks (i.e., threats) and positive risks (i.e., opportunities). A project manager must always keep in mind that risks do not constitute solely problems or threats all the time. Risks are sometimes opportunities that we may benefit from. There are no risk-free projects because there are infinite events that can negatively or positively affect projects. Project managers must be prepared to deal with these uncertainties. Planning for events that may delay a project, decrease its quality, or increase its budget is necessary for project planning.
  

  




  
  





10.1 Project Risk


  
  
    10.1.1 Definition of Project Risks
  

  Uncertainty is a lack of understanding and awareness of issues, events, paths to follow, or solutions to pursue. It is a state of not knowing or unpredictability. Uncertainty presents threats and opportunities that project teams explore, assess, and decide how to handle. Risks are an aspect of uncertainty [1]. Therefore, an uncertainty is not equal to a risk. Risks can be measured, while uncertainties cannot be. Potential outcomes of risks can be described, but it wouldn’t be possible to determine the outcomes for uncertainties. Risks can be controlled if response strategies can be defined and monitored during the project.

  The project team can respond to a risk if the risk triggers are identified and a risk owner monitors it, among other factors. Thus, when the project teams discuss all possible uncertainties in the initiation and planning stages, they can determine the occurrence probability and the impact scale. For example, in our Grocery LLC’s m-commerce project, testers may not determine some of the important code errors, which might lead to rework, schedule slippage, and cost overruns. Considering the previous projects and lessons learned, we can predict the probability and how it may affect the project if the risk occurs. They become manageable risks as the project team can identify triggers and create mitigation strategies, such as code reviews and additional testing phases, to reduce the likelihood and impact. However, we can never be sure that this tester has malicious intentions (e.g., sabotage or data leakage) to help a strong competitor. Hence, this would be an uncertainty, not a risk. Measures like background checks, ethics policies, and monitoring systems can be established at the organizational level to address such uncertainties indirectly. However, they cannot be pinpointed or controlled as a project risk.

  It is important to remember that the project team cannot take immediate action to mitigate the likelihood and consequences of the risk. Risks are future events that may occur. Suppose the project team can take immediate action. In that case, this is not considered a risk but an issue, problem, event, or benefit that should be incorporated into the project plan components such as product scope (e.g., requirements), project schedule, and resource allocation plan. They can be added to the Issue Log to record and monitor information on these active issues.

  
    
      
        Risk vs. Uncertainty
      

    

    
      
        	Risk is an uncertainty, but not all uncertainties are risks.

        	Risk deals with known unknowns, whereas uncertainties deal with unknown unknowns.

        	Risks can be measured through the probability and impact of risks.

        	The outcomes of the risks can be described.

      

    

  

  Project risk is an uncertain event or condition that, if it occurs, has a positive or negative effect on one or more project objectives [2]. Risks exist in all projects. It is important to remember that risk does not always create negative outcomes but can lead to positive outcomes. The subsections 10.1.1 and 10.1.2 below elaborate on both types of risk with examples.

  Before proceeding with 10.1.2, defining three uncertainty-related concepts is essential[3]. Ambiguity, complexity, and volatility can lead to uncertainty and risk within a project.

  
    	Ambiguity: A state of being unclear, having difficulty in identifying the cause of events, or having multiple options from which to choose.

  

  An example of conceptual ambiguity could be, “The project budget is under control.” Here, it’s unclear whether “under control” means the project is within the approved budget, that the team is closely monitoring costs, or that a certain threshold has been set to manage expenses. Furthermore, “under control” could have different interpretations across departments—finance may see it as strictly adhering to forecasts, while project teams may interpret it as having the flexibility to adjust. This ambiguity can be reduced by establishing a precise definition of “under control,” such as “within 5% of the approved budget,” and ensuring all stakeholders understand and agree on this meaning.

  
    	Complexity: A characteristic of a program or project or its environment that is difficult to manage due to human behavior, system behavior, and ambiguity.

  

  
    An example of complexity could be found in a large-scale urban transportation project that integrates a new metro line with existing bus, train, and bike-sharing systems. Here, complexity arises because each transportation mode has its own schedules, maintenance needs, and user expectations. Additionally, diverse stakeholders, such as city planners, transportation companies, local government, and commuters, have different priorities and objectives. This interconnected system could lead to unintended consequences, such as congestion at transfer points or imbalanced demand across modes.

  

  
    	Volatility: The possibility for rapid and unpredictable change.

  

  
    
      
        
          
            In a construction project, the price of raw materials like steel and lumber may fluctuate frequently due to market demand and supply chain disruptions. These rapid changes can impact the budget and timeline of the project.

          

        

      

    

  

  
    
      
        
          Poor Project Management vs. Risks/Uncertainties
        

      

      
        
          	Effective project management requires meticulous planning, precise resource qualification definitions, and comprehensive requirements specification through stakeholder engagement.

          	Issues arising from poor planning or oversight, such as coding errors due to inadequate developer qualifications or ambiguous requirements, are not considered risks. These are management deficiencies.

          	Properly managing project scope, quality, communication, and stakeholder engagement is crucial to prevent these issues from affecting project outcomes, as they result from management gaps, not risks or uncertainties.

        

      

    

    
      10.1.2 
      Negative Project Risks
    

  

  It is the reality that project teams mostly encounter negative risks. These risks might jeopardize the well-being of a project’s progress and lead to failure if they occur. Remember that these are considered risks if the project team can predict the probability and impact levels and cannot take immediate action to avoid, escalate, transfer, mitigate, or accept these risks (see 10.5 Developing and Implementing Risk Response). Some examples of a negative project risk are:

  
    	The machines we plan to use in the project have historically experienced a 5% downtime rate. Therefore, we should be prepared to manage any potential downtime occurrences.

    	Some vendors we will work with during our project experienced delivery delays in past projects. Although they have earned the trust of our organization, we should be prepared to manage any delays.

    	A key human resource for an activity may become sick or find a better job and leave the organization.

    	Projects that depend on good weather, such as road construction projects, face the risk of delays due to exceptionally wet or windy weather.

    	Safety risks are also common on construction projects.

    	Changes in the value of local currency during a project affect purchasing power and budgets on projects with large international components.

  

  
    
      
        An Example of a Negative Risk (Threat)
      

    

    
      
        A construction company is building a 20-story building in a Northeastern state, and they are expected to finish it by February. However, the project team knows that winter is not a preferred season for construction work, and the adverse weather conditions may disrupt activities, leading to schedule delays and cost overruns. This is why the project team should evaluate all the possible risks from inclement weather, such as snowstorms. The project team can obtain long-term historical data and seasonal forecasts from the National Weather Service and monitor daily and weekly weather forecasts. Based on this data, expert opinions, and project team discussions, a probability percentage and impact level can be predicted for this risk.
      

    

  

  
    
      
        Two Negative Risks for the Grocery LLC’s Mobile-Commerce Project
      

    

    
      
        	
          Risk of Delays Due to Technical Issues in App Development
          
            	Given the complexity of integrating new features across Android and iOS platforms, technical issues, such as compatibility challenges or bugs in the SDKs (Software Development Kits), pose a potential risk to the project schedule. These potential issues are recognized as a possibility that could interfere with the project timeline.

            	The project team should review historical data and consult with experienced developers to assess common technical challenges in similar projects. By doing so, they can estimate these issues’ probability and potential impact. Weekly testing and monitoring can be added to the WBS in the project scope and requirements in the product scope, and resources can be added to these activities. While these steps reduce the likelihood or impact of the risk, they do not eliminate it entirely.

            	This is why the project team should discuss the probability and impact levels after the steps above have been taken, create a response strategy, include a contingency reserve, and provide a specific course of action if the risk materializes despite the preventive activities.

          

        

        	
          Risk of Increased Costs Due to Fluctuating Software Licensing Fees
          
            	Given the potential for fluctuations in software licensing fees and SDK costs, there is a recognized risk that fees may increase unexpectedly, impacting the project budget. Although some variability in fees is anticipated, the exact changes cannot be predicted, making this an inherent risk that could necessitate unplanned additional funds.

            	To address this, the project team should monitor historical cost data and stay informed of current industry trends to assess the likelihood and potential impact of any fee increases. Preventive steps should be incorporated into the project scope, such as setting up alerts for fee changes and establishing communication with vendors for early notice. While these actions can reduce the risk’s potential impact, they cannot eliminate it entirely.

            	Therefore, after implementing these measures, the project team should assess the probability and impact levels, develop a response strategy, and include a contingency reserve in the budget. This approach ensures that the team is prepared with a specific course of action to mitigate any financial impact if the risk materializes despite preventive actions.

          

        

      

    

  

  
    10.1.3 
    Positive Project Risks
  

  Some risks may make achieving a project’s objective easier, and therefore, they have a positive impact. Some examples of these risks are described below:

  
    	The potential to utilize an easier way to do a task. 	There is a potential opportunity to adopt a new software development framework during the project execution. This framework, if available and suitable for our needs, could significantly streamline the development process.




    	Acquiring some materials in exchange for lower prices than estimated

    	A potential change in organizational process that can accelerate the procurement of some materials

    	A new technology that has been developed and can be introduced to the market while we carry out the project

    	
      Our organization has applied for a grant that, if approved, could provide additional funding for the project.

    

  

  For the five positive risks above, a project manager’s response strategy can be to exploit or enhance one of five alternative strategies (see 10.5 Developing and Implementing Risk Response) when they occur.

  
    
      
        An Example of a Positive Risk (Opportunity)
      

    

    
      Company XYZ is considering developing a new electric toothbrush, which customers are asking for according to consumer surveys across the USA. The project team prepared all the plans and estimated that this project would take nine months to finish. The new toothbrush can be introduced to the market at the end of the project. The project team will use a 3D printer to create prototypes while developing and testing various toothbrush types. While working on the risk management plan, the team has been aware of ongoing research on a new 3D printer that is faster and can print more durable items with more details. Based on the analysis, the team found that this new printer can expedite the project. If this positive risk occurs during the project, it can expedite the project by one month, resulting in an 8-month project duration, saving one month. So, the project team allocated a contingency reserve for this opportunity. If the 3D printing company can make this new printer available to the market around the fifth month of the project at the latest, the project team can purchase it. The estimated cost for this new printer was determined to be $25,000. Therefore, this money is placed as a contingency reserve.

    

  

  
    
      
        
          Two Positive Risks for the Grocery LLC’s Mobile-Commerce Project
        

      

      
        
          	
            Risk of Streamlined Development Process with an Enhanced Software Development Framework
            
              	During the project execution phase, a more efficient software development framework or updated SDK tools may become available. If this framework is compatible with our project requirements, it could simplify development tasks, improve code quality, and reduce overall development time, contributing to a smoother project timeline.

              	The project team should regularly monitor industry news and updates from Android and iOS SDK providers. Suppose a beneficial framework or tool is released. In that case, the team should evaluate its suitability for integration into the project, with provisions for additional training if required to take advantage of this opportunity.

            

          

          	
            Risk of Lower Procurement Costs for Essential Software Licenses
            
              	There is a potential opportunity to acquire some necessary software licenses or development tools at lower-than-estimated prices. Vendors offering discounts or promotional pricing during the project could reduce the overall project cost and potentially free up budget resources for additional features or contingency planning.

              	The project team should monitor vendors and industry platforms for any potential discounts or promotions. The team should also maintain flexibility in the procurement timeline to take advantage of these savings opportunities.

            

          

        

      

    

    
      10.1.4 
      Post-Project Issues/Uncertainties and Benefits
    

    Project risks impact the project’s objectives, activities, timeline, budget, quality, stakeholder management, and communications during the project lifecycle. Effective project management involves identifying, assessing, and managing these risks to ensure successful project delivery. These risks are directly linked to project activities and require active management throughout the project lifecycle.

    10.1.4.1 Post-Project Issues/Uncertainties

    When the inspection committee and the client approve deliverables at the end of the execution (implementation) phase, the close-out phase starts. The deliverables are handed over to the operational teams, the administrative and financial closure procedures are finalized, and the project team is disbanded. Then, the post-project or the operational phase starts. This new phase may be subject to various issues regarding the deliverable’s performance, its adoption by the users (e.g., customers, consumers, and end users), regulatory changes, and maintenance and support challenges. The project manager, project team, or business analysts are expected to carry out feasibility studies to understand the future situation of the market and consumers during the preparation of the business case and project initiation and planning phases. If the business analysts find out during the business case preparation that the adoption of the project deliverables by the customers when the project is completed would be low due to reasons such as a competitor’s dominant market share, changing consumer habits, expectations of radical changes in technology (e.g., artificial intelligence), and customers’ reluctance to purchase our deliverables based on surveys, the alternative solutions to the business need are revised according to these studies. The project team may also reveal findings that need revisions in the project scope during the initiation and planning phases. For instance, if the interviews with the stakeholders point out a low adoption of our project deliverable when it is completed, the team considers it a serious indicator. This should lead to a discussion within the team and with the executive management and the client on whether to terminate the project or revise it.

    If there is substantial uncertainty regarding the customers’ adoption of the deliverables, this is not recorded as a risk but a post-project issue that requires a serious revision of the project. In any case, these issues or uncertainties emerge after the project is officially closed and impact the project’s outcomes or the long-term success of its deliverables. Eventually, as highlighted in the previous sentences, although these risks are not directly linked to project activities during the project lifecycle, the project manager and team must anticipate and consider them during the planning and handover phases to minimize long-term issues. Examples of post-project issues include:

    
      	User Adoption Risk: Customers may be slow to adopt the project deliverables for various reasons, such as established shopping habits or preferences for competitor products and services. In the worst scenario, customers may not purchase the deliverables, leading to a fiasco. Some examples of low customer adoptions are Google Glass[4] (a wearable augmented reality headset), Segway personal transporter[5] (a self balancing personal transportation device), Amazon’s Fire Phone[6] (a smartphone designed to integrate Amazon services), and Coca-Cola’s new coke that was reformulated in 1985[7].

      	Product Performance Issues: After launch, the deliverables may face performance issues, such as slow loading during peak hours for websites and mobile applications. This may lead to user frustration and potentially negative reviews.

      	Regulatory Changes: Regulations that become effective after the project is closed, such as those regarding data protection, privacy, environment, health and safety, financial compliance, product safety and quality standards, labor and employment, trade, and import/export, could necessitate revisions and updates to the deliverables. This usually requires developing a new project to comply with the new regulatory changes.

      	Market Changes: Competitors may release similar services with enhanced features. It may affect the market share and possibly necessitate further updates or marketing efforts to maintain competitiveness.

      	
        Maintenance and Support Challenges: Higher-than-anticipated maintenance needs, such as bug fixes or security updates in a mobile app, website, or security software, may increase costs and affect the service’s long-term sustainability.
      

    

    10.1.4.2 Project Benefits

    Another essential point is distinguishing positive risks from the project benefits, which are the intended positive outcomes and value the project seeks to deliver for the organization and its stakeholders. These benefits are critical to the project’s success measures and should be identified, monitored, and optimized during and after the project. Examples include:

    
      	Increased Revenue: Organizations can tap into additional revenue streams by successfully introducing a new or improved deliverable as a result of a project.

      	Enhanced Customer Satisfaction: A well-designed deliverable, whether a product, service, or business process, that meets user needs and provides value can improve the customer experience and build brand loyalty.

      	Operational Efficiency: Streamlining processes or optimizing the structure of a deliverable can lead to greater efficiency. This could lead to faster processing times, better resource utilization, and productivity gains.

      	Strengthened Market Position: By effectively delivering a high-quality product, service, or process improvement, organizations can reinforce their competitive advantage.

    

    
      
        
          Benefits of the Grocery LLC’s M-Commerce Project
        

      

      
        
          Tangible Benefits
        

        
          	
            Increased Revenue: 
            25% of lost revenue will be recovered within a year after the project is completed and the mobile app is launched. If the recovered revenue is more than 25%, it is still not a positive risk but a benefit.
          

          	Improved Online Presence: Online traffic and sales will increase via the mobile app and optimized mobile website.

          	
            Operational Efficiency: 
            Dependency on physical stores will be reduced, cutting operational costs related to in-store operations.
          

          	
            Broader Market Reach: 
            Geographic reach will be expanded through online platforms, which will enable new customer acquisition.
          

          	Data Insights: The company will have an enhanced ability to collect and analyze customer behavior data for personalized marketing strategies.

        

        
          Intangible Benefits
        

        
          	
            Enhanced Customer Satisfaction: 
            Greater convenience and safety will be possible for customers through user-friendly digital platforms.
          

          	
            Stronger Brand Loyalty: 
            Trust and long-term customer relationships will be built.
          

          	
            Competitive Advantage: 
            Differentiation will be achieved in a competitive market by offering advanced digital shopping solutions.
          

          	Future-Proofing: A robust digital infrastructure will be established that positions Grocery LLC for evolving retail trends.

          	Employee Engagement: Employee morale will be improved by incorporating modern tools and systems into operations.

        

      

    

    
      10.1.4 
      Known-Unknowns and Unknown-Unknowns
    

  

  As discussed in Chapter 9 for contingency and management reserves, risks are known unknowns, and uncertainties are unknown unknowns. As regards known unknowns (i.e., risks), we can identify them in the initiation and planning stages and later, when they emerge during the execution stage, and estimate the costs of additional resources and time needed if they occur. The costs allocated to compensate for managing these risks are named “contingency reserve.” However, it is not always possible for project teams to predict all the risks. Therefore, a management reserve is assigned besides the cost baseline, the sum of activity costs, and contingency reserves (Figure 10.1.1). One obvious risk that emerged at the end of 2019 and has had a severe impact on all countries since March 2020 is the COVID-19 pandemic. This pandemic was an “unknown unknown” for all the projects across the world. Some projects overcame the issues by using their management reserves besides contingency reserves. However, numerous projects failed, although they had contingency and management reserves since the impact of this pandemic exceeded their capacity and capability limits.

  
    
      [image: This image shows the budget components.]
    
    Figure 10.1.1: Project Budget Components 
Adapted from PMBOK Guide Sixth Edition

  

  Examples are provided below for the management reserve that might be necessary to handle unknown unknowns and hence to address unforeseen situations that fall outside typical project risks:

  
    	Sudden Regulatory Changes: Midway through a construction project, new building codes or environmental regulations that were not anticipated during planning may be introduced. This requires modifications to designs, materials, or safety standards. A management reserve would help cover additional costs and time for compliance.

    	Unexpected Technological Advances: A breakthrough technology could emerge in a long-term tech development project. The project may need to adapt or integrate new components to remain competitive. Management reserve funds could cover research, training, or new equipment to implement this unforeseen advancement.

    	Natural Disasters: Unexpected natural events like earthquakes, hurricanes, or floods could delay a construction project, damage materials, or require additional safety measures. While specific location-based risks might be planned, the reserve could cover unprecedented disaster-related costs.

    	Supplier or Vendor Issues: If a critical supplier suddenly goes out of business or faces significant supply chain disruptions, the project may need to locate alternative suppliers or expedite orders, often at a higher cost. A management reserve would address these unforeseen logistical challenges.

    	Changes in Stakeholder Requirements: Occasionally, senior stakeholders might introduce significant new requirements or shift project goals based on organizational priorities. These unexpected changes could necessitate additional resources, staff, or equipment. A management reserve could support it without impacting the core project budget.

    	Security Breaches or Cyber Threats: A previously undetected vulnerability could lead to a software or data-heavy project security breach. Management reserves may cover emergency cybersecurity measures, software updates, and specialized consultants to address these immediate threats.

    	Sudden Labor Market Fluctuations: In projects that rely on specialized labor, unexpected changes in the labor market, such as mass shortages and sudden wage increases, can lead to increased hiring costs or delays in staffing. Management reserves could help to quickly bring in needed personnel at competitive rates to maintain project momentum.

  

  
    10.1.4    
    Individual and Overall Project Risks
  

  Another categorization of risks is individual and overall project risks. Individual risks can affect the achievement of project objectives and disrupt some activities, decisions, components, or deliverables. They can affect only one or some activities but not always the whole project. If a risk impacts the project as a whole, this risk is considered an overall project risk. Let’s consider the case study of “Grocery LLC’s M-Commerce Project” (see 4.4.3 for the WBS). One project objective is “to complete the elicitation of mobile app requirements as well as budget, schedule, and resource estimates on which all the key stakeholders agree.” Activity 2.3, “Review specifications with team and stakeholders,” is essential to identify the requirements that address all stakeholders’ expectations and concerns. However, some stakeholders may not agree on some of the requirements (see 5.2.2 for all the stakeholders in this project). The priorities of the top management, project sponsor, and product owner might not always overlap. When the project team reviews risks, they must consider all possible risks affecting activity 2.3 and the overall project. If the conflict among stakeholders affects this objective and activity 2.3, this would be counted as an individual project risk. The project team should create a contingency budget and schedule for this activity. If there is a risk of obtaining funds to conduct project activities, this would impact the whole project and affect the overall project objective, which aims at creating a mobile app. The project team must also develop risk response strategies to tackle this risk. Besides, the project team can determine acceptable negative and positive variations for overall risks.
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10.2 Risk Management Plan


  
  The risk management plan is a component of the project management plan that describes how risk management activities will be structured and performed[1]. This plan tells us how we are going to handle individual and overall risks in our project. It documents how we will identify and analyze risks, who will be responsible for doing it, and how often we will review the risks (since we have to meet about risk planning with the project team throughout the project.)

  This plan allows the project team to reduce the likelihood of negative surprises (problems, weaknesses, and threats), proactively take advantage of positive risks (opportunities), and ensure risk management is considered when schedules, budgets, and other management plans are developed. Creating and maintaining a risk management plan significantly increases the likelihood of project success. The risk management plan identifies the processes and procedures to be used in managing risk throughout the life of the project. It includes a number of key sections such as risk sources, categories, assessment definitions (e.g., very high to very low), probability/impact assessment (matrix), roles and responsibilities, budget and schedule estimates for risk-related activities, and the risk register. Like the other knowledge area (e.g., scope, schedule, stakeholder) management plans, the risk management plan is integrated into the project management plan, and must be aligned with all the subplans and the project management plan.

  The risk management plan can consist of some or all of the following items:

  
    	
      Methodology
      
        	What kind of approaches, tools, and data sources will be utilized to perform risk management activities (e.g., risk identification, risk assessment, risk response strategies)?

        	g., checklists, risk indicator scales, probability-impact matrices, informal direct risk assessment, probabilistic modeling.

      

    

    	
      Risk strategy
    

    	
      Roles and responsibilities
      
        	The guidelines how identified risks will be assigned to team members, and how these risk owners will take care of risks, and monitor them.

      

    

    	
      Risk categories
      
        	Risks can be grouped into high-level categories to facilitate the identification of individual risks. Some of the categories can be technical, cost, schedule, client, contractual, weather, financial, political, environmental, and people.

        	Similar to a WBS (Work Breakdown Structure), RBS (Risk Breakdown Structure) would be a very helpful tool (Table 10.2.1).

      

    

    	
      Risk probability and impact
      
        	Level and percentage of probabilities and impact of negative and positive risks

        	Which project aspects will be included in the impact analysis (e.g., scope, quality, schedule, cost, safety, environment)?

      

    

    	
      Risk register
      
        	How will the risk register be structured?

        	Components such as risk ID, description, risk owner, probability, and impact (see 10.3)

      

    

    	
      Risk response plan
      
        	How will the risk response plan be structured?

        	Strategies for negative and positive risks, and individual and overall project risks.

      

    

    	
      Funding of reserves
      
        	How will contingency and management reserves be determined and released?

      

    

    	
      Reporting formats
      
        	Reporting formats and frequency should be in alignment with other project plans.

      

    

  

  
    Table 10.2.1: An Example of a Risk Breakdown Structure (RBS)
  

  Adapted from Project Management Institute’s Learning website[2]

  	Level 0 	Level 1 	Level 2 	Level 3 
 	Project Risk 	Management 	Corporate 	History/experience/culture 
 	Organizational stability 
 	Financial 
 	Team Management 	Poor team communication 
 	Changes in the core team 
 	Inadequate number of staff 
 	Customer & Stakeholder 	Requirements 
 	Communication issues 
 	Contractual 
 	External 	Environmental 	Physical environment 
 	Facilities/site 
 	Local services 
 	Pollution risk 
 	Community protests 
 	Legal & Political 	Political 
 	Legal/regulatory 
 	Interest groups 
 	Economic 	Labor market 
 	Labor conditions 
 	Currency 
 	Inflation rate 
 	Technical 	Requirements 	Scope uncertainty 
 	Scope creep 
 	Complexity 
 	Issues with stakeholders 
 	Performance 	Technical limits 
 	Quality 
 	Rework 
 	Evaluation criteria 
 	Application 	Organizational experience 
 	HR skill sets and experience 
 	Physical resources 
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10.3 Identifying Risks


  
  
    10.3.1 Inputs and Tools to Identify Risks
  

  The project team should identify negative risks (threats) and positive risks (opportunities) first in order to respond appropriately to them when they occur. During the planning stage, the team documents the individual and overall project risks. Risk identification is not a one-time event that happens during the planning. Monitoring of the risks continues throughout the project to identify new risks and modify the existing ones if necessary. When the project manager and the team discuss the risks that may affect the project activities, decisions, or outcomes, they use the components of the project management (e.g., requirements management plan, schedule management, and scope baseline), project documents such as assumption log, cost estimates, issue log, stakeholder register, and lesson learned register, agreements for the external procurement of resources, procurement documentation, enterprise environmental factors, and organizational process assets[1].

  The project manager implements several tools and techniques to identify risks.

  
    	Experts can provide their specialized knowledge of similar projects or business areas.

    	The project team can brainstorm within the team and with the experts to discuss and refine the risks. The team’s past experience, project experience within the company, and industry experts can be valuable resources for identifying potential risks on a project. The team can also conduct specialized meetings, such as risk workshops.

    	Some companies and industries develop risk checklists based on experience from past projects. These checklists can help identify both specific risks on the checklist and expand the team’s thinking.

    	The project manager and the team members can interview experienced project participants, stakeholders, and subject matter experts.

    	Data analysis techniques such as root cause analysis, assumption and constraint analysis, SWOT analysis, and document analysis can be used.

    	The project manager can act as a facilitator or assign a skilled facilitator to help participants remain focused on the risk identification task, ensure clear descriptions, identify and overcome sources of bias, and resolve any possible disagreements.

    	The risk breakdown structure can help the team as a guideline framework. Besides, some common strategic frameworks such as PESTLE (political, economic, social, technological, legal, environmental), TECOP (technical, environmental, commercial, operational, political), or VUCA (volatility, uncertainty, complexity, ambiguity) can be utilized.

  

  
    10.3.2 Risk Register
  

  When risks are identified, they are recorded in a risk register. It is a key tool that helps project teams keep track of the status of risks and ensure response plans are effectively implemented, and new risks are managed. The register is an output of the process of identifying project risks. The project charter can involve some of the risks, generally the overall risks. After the WBS and activity list are created, and the schedule, resources, and cost are estimated for all the activities, the project team can identify the risks more easily, particularly in the planning phase. The project team must review this register periodically by assigning each risk to a team member.

  The risk register can be composed of the items below:

  
    	Risk ID as a unique identifier

    	Description (to ensure unambiguous understanding)

    	Related WBS activity or activities

    	Risk owner (The team member’s name who monitors the risk is recorded.)

    	Risk trigger (to know when the risk is becoming an issue or has reached a point that requires action)

    	Risk category (based on RBS categories)

    	Probability (How likely is the risk to occur?) (see 10.4)

    	Impact (How will the risk affect the project if it occurs? E.g., schedule delay, budget overrun, quality issues) (see 10.4)

    	Severity (Probability-Impact) Score (see 10.4)

    	Risk response strategy (see 10.5)

    	Description of the response (see 10.5)

    	Response owner (if different from the risk owner)

    	Expected impact of the response (What result do we expect from the response?)

  

  Table 10.2 illustrates a short version of a sample risk register for Grocery LLC’s M-Commerce Project. Only six columns have been included in this risk register.

  
    Table 10.3.1: An Example of a Risk Register
  

  	ID 	Risk Category 	Related WBS Activity 	Description 	Risk Owner 	Risk Trigger 
 	1.0 	Financial 	Overall project 	Cost estimates may be exceeded, considering inflation factors and foreign exchange currency rates. Although the team has assessed cost factors and incorporated foreseeable inflation and exchange rate fluctuations into the project’s financial scope, unforeseen cost increases may still arise, potentially exceeding initial estimates. Given the comprehensive planning, no further preventative actions are possible at this stage; the team will monitor cost performance throughout the project to identify any deviations. Our previous experience shows a probability level of 15%. 	Systems Analyst 1 	CPI (cost performance index) drops below 0.90. 
 	1.1 	Financial 	Overall project 	Given the potential for fluctuations in software licensing fees and SDK costs, there is a recognized risk that fees may increase unexpectedly, impacting the project budget. The project team monitored historical data and industry trends and set up alerts for any fee changes to assess potential impacts. However, despite the preventive actions, the probability level is evaluated as 10%. 	Systems Analyst 1 	Licensing fees increase by 10%. 
 	2.2 	Management 	2.1
 2.2
 2.3
 2.4
 2.5
  	The demand for developers increased recently since the demand for online games and mobile apps has been on a sharp rise after the emergence of the COVID-19 pandemic. Although the team has reviewed market conditions and incorporated feasible hiring timelines and skill requirements for developers, the recent high demand may still lead to a shortage, potentially impacting project timelines. Given the thorough planning, no further preventative actions are possible at this stage; the team will monitor staffing levels and market availability as the project progresses to address any unexpected shortages if they occur. The probability level is based on insights from the project team’s experience, company-wide project experience, and input from industry experts, with an estimated probability of 20%. 	Systems Analyst 2 	We learn that Developer 1 will not start working on the “Analysis/App Requirements” activities ten days before they start. 
 	2.5 	Technical 	Development Phase 	Although the team has examined potential integration issues and incorporated all foreseeable requirements into the product scope, unforeseen compatibility issues with third-party APIs may still arise during integration testing, potentially causing delays. Given the thorough planning, no further preventative actions are possible at this stage; the team will monitor the integration during testing to address any unexpected issues if they occur. Our previous experience shows a probability level of 10%. 	Systems Analyst 2 	Integration testing reveals that at least 20% of the API calls fail or return errors. 
 	2.6 	Technical 	Development Phase 	Given the complexity of integrating new features across Android and iOS platforms, technical issues, such as compatibility challenges or bugs in SDKs (Software Development Kits), pose a potential risk to the project schedule. The project reviewed historical data and consulted experienced developers to assess common technical challenges. Although preventive steps like weekly testing and monitoring have been added to the WBS, the team determined a probability level of 20%. 	Systems Analyst 2 	Weekly testing identified that at least 15% of newly integrated features fail due to compatibility issues or SDK-related bugs. 
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10.4 Risk Assessment


  
  After the potential risks have been identified, the project team evaluates them based on their probability of occurrence and impact if they occur. This is a qualitative risk analysis method. In this textbook, we will not discuss the quantitative risk analysis process. Readers can check “11.4 Perform Quantitative Risk Analysis” in PMBOK Guide Sixth Edition for an overview of quantitative risk analysis methods[1].

  Not all risks are equal. Some risk events are more likely to happen than others, and the impact of a risk event can vary greatly. Therefore, project teams perform a qualitative risk analysis to prioritize individual project risks by assessing their probability of occurrence and impact[2]. During the brainstorming sessions and meetings with experts, team members and other participants indicate their opinions regarding each risk. Qualitative risk analysis relies on team members’ and experts’ insights and judgments, who contribute their perspectives during brainstorming sessions and meetings. While this method enables the project team to leverage valuable experience and expertise, it inherently introduces the potential for bias, as personal experiences, recent events, or cognitive biases may influence individual opinions. To minimize these biases, the project manager should be a neutral facilitator by employing techniques such as Delphi, a structured communication technique that helps groups of experts reach a consensus on complex problems. The Delphi method allows team members to provide their assessments anonymously, reducing the influence of dominant opinions. The project manager should also encourage participants to justify their perceptions of probability and impact. This can ensure that assessments are grounded in rational explanations and provide transparency that can help moderate biases.

  
    10.4.1   Probability
  

  For the qualitative risk analysis, let’s use a five-scale measure for the probability: Very low, low, medium, high, and very high (Table 10.4.1). It is always possible to have more and fewer number of scales. Each level may correspond with different percentage values depending on the project, project manager, and organizational policies. Table 10.2 displays two different percentages of probability. Organizations may have an overarching policy to implement levels, percentages, and risk categories. In this case, the project manager must comply with this policy.

  
    Table 10.4.1: Risk Probability Levels
  

  	Level Names 	Level Values (%) 	Alternative Level Values (%) 
 	Very low 	5% 	10% 
 	Low 	10% 	30% 
 	Medium 	30% 	50% 
 	High 	50% 	70% 
 	Very High 	70% 	90% 
  

  
    10.4.2   Impact
  

  The probability alone wouldn’t make sense if we disregard the impact of the risk. Just think that our project is in an area where a large earthquake hits every thirty years. Since the frequency doesn’t look high, we can give a very low probability level (5%). However, we should consider the impact of an earthquake if it occurs. Although the probability is 5%, the impact of an earthquake to disrupt project activities would be high. Even in our m-commerce project, an earthquake would have some negative effects, such as power outages, water supply problems, transportation issues, supply chain problems, and, worse, destroyed buildings, infrastructure, and fatalities. The large margin between the probability and impact is also the case for an epidemic or pandemic risk. Therefore, we can decide on a very high impact value (0.9) while the probability is 0.05.

  Table 10.4.2 displays the impact levels and values for the impact of risks on schedule. Project managers can use criteria for different areas such as schedule, cost, safety, environment, and quality to determine the impact of level. A description of each impact level should be provided for each area to eliminate ambiguities. According to Table 10.4.2, if an activity takes 10 days to finish, and we find that risk may add 1 day, we have a delay of 10%. Therefore, the impact is low, and its value is 0.3.

  
    Table 10.4.2: Description of Impact Levels Regarding Schedule
  

  	Impact 	Description 	 Value 
 	Very low 	Delay by 5% 	0.1 
 	Low 	Delay by 10% 	0.3 
 	Medium 	Delay by 20% 	0.5 
 	High 	Delay by 40% 	0.7 
 	Very High 	Delay by 50% 	0.9 
  

  When we use several areas besides schedule, we should formulate how to generate an overall impact level. We can use a non-weighted or weighted model to combine all areas’ values. Table 10.4.3 shows the impact levels regarding cost.

  
    Table 10.4.3: Description of Impact Levels Regarding Cost
  

  	Impact 	Description 	 Value 
 	Very low 	Budget overrun by 5% 	0.1 
 	Low 	Budget overrun by 10% 	0.3 
 	Medium 	Budget overrun by 20% 	0.5 
 	High 	Budget overrun by 40% 	0.7 
 	Very High 	Budget overrun by 50% 	0.9 
  

  
    10.4.3   Severity
  

  Table 10.4.4 displays the risk severity score, calculated by multiplying the probability by impact percentages. In Table 10.4.4, there are three severity levels:

  
    	Green indicates low-level severity, which is between 0% and 15% inclusive,

    	Orange indicates medium-level severity, which is between 16% and 40% inclusive,

    	Red indicates high-level severity at 41% and above.

  

  
    Table 10.4.4: Probability – Impact (Severity) Score
  

  
    
      [image: This table is a screenshot. It shows the probability and impact levels of risks, and severity levels as the multiplication of probability and impact levels.]
    
  

  The risk severity scores help project managers and teams determine the risk response strategies and the amount of contingency reserves.

  
    
      Two Negative Risks for the Grocery LLC’s Mobile-Commerce Project

    

    Risk 1: Risk of Delays Due to Technical Issues in App Development
 Given the complexity of integrating new features across Android and iOS platforms, technical issues, such as compatibility challenges or SDK-related bugs, pose a potential risk to the project schedule. Although the project team has reviewed historical data and consulted experienced developers to assess common technical challenges, these issues remain a possibility that could interfere with the timeline.Probability of the Risk Occurring:	Historical Data: Previous project data indicates frequent SDK updates and compatibility issues.
	Expert Consultations: Experienced developers highlight common integration issues in similar projects.
	Complexity of Cross-Platform Integration: The team recognizes the inherent technical complexity of integrating features on both Android and iOS.

Based on these factors, the team estimated a 20% probability, a low probability according to the company’s guidelines. The company also utilizes the levels, as shown in Figure 10.4.1. Therefore, the low probability corresponds to 10%.
Impact of the Risk: The team analyzed the potential impact on the project’s schedule:
	Phase Affected: Development and Integration Phases.
	Impact on Timeline: Compatibility issues or SDK bugs could delay integration by approximately 20% of the planned time for these phases.
	Impact Level on Schedule: This risk is assessed as Medium with an impact value of 0.5 (20% delay in schedule according to the Impact Levels for Schedule).

Severity Level: Using the Probability-Impact matrix, with a probability of 0.1 and an impact of 0.5, the severity score is 0.05 (Low severity).

Risk 2: Risk of Increased Costs Due to Fluctuating Software Licensing Fees
 There is a recognized risk that software licensing fees and SDK costs may fluctuate unexpectedly, impacting the project budget. Although some variability is anticipated, the exact changes cannot be predicted, making this an inherent financial risk.
Probability of the Risk Occurring:
	Historical Cost Data: Previous projects have shown moderate fluctuations in software licensing fees.
	Industry Trends: Current trends indicate increasing licensing fees for SDKs in high demand.
	Vendor Communication: Recent communications from vendors suggest possible fee adjustments due to market conditions.

Given these insights, the team estimates a 30% probability, placing it in the Medium probability category according to the Probability Levels Chart.
Impact of the Risk: The impact on the budget was analyzed as follows:
	Cost Increase Impact: Licensing fees may increase by up to 20%, leading to a moderate budget overrun.
	Impact Level on Budget: Based on the Impact Levels for Cost, this risk is categorized as Medium with an impact value of 0.5 (20% budget overrun).

Severity Level: Using the Probability-Impact matrix, with a probability of 0.3 and an impact of 0.5, the severity score is 0.15 (Low severity).


  

  
    10.4.4   Variations in Project Risk Assessment Practices
  

  Not all project managers conduct a formal risk assessment on projects. There may be barriers to identifying risks. David Parker and Alison Mobey [3] found in a phenomenological study of project managers that there was a low understanding of the tools and benefits of a structured analysis of project risks. The lack of formal risk management tools was seen as a barrier to implementing a risk management program.

  Some project managers are more proactive and will develop elaborate risk management programs for their projects. Other managers are reactive and are more confident in their ability to handle unexpected events without prior planning. In contrast, some managers are risk averse and prefer to be optimistic and not consider risks or to avoid taking risks whenever possible.

  In projects with low complexity, the project manager may informally track the risk items. On more complex projects, the project team may develop a list of items perceived as higher risk and track them during project reviews. On projects with greater complexity, the process for evaluating risk is more formal, with a risk assessment meeting or series of meetings during the project’s life to assess risks at different phases. On highly complex projects, an outside expert may be included in the risk assessment process, and the risk assessment plan may be more prominent in the project execution plan.

  On complex projects, statistical models are sometimes used to evaluate risk because there are too many different possible combinations of risks to calculate them one at a time. These are considered quantitative risk analyses. One example of the statistical model used on projects is the Monte Carlo simulation, which simulates a possible range of outcomes by trying many different combinations of risks based on their likelihood. The output from a Monte Carlo simulation provides the project team with the probability of an event occurring within a range and for combinations of events. For example, the typical output from a Monte Carlo simulation may reflect a 10 percent chance that one of the three important pieces of equipment will be late and that the weather will also be unusually bad after the equipment arrives.
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10.5 Developing and Implementing Risk Responses


  
  After the risks are identified, described, and assigned to team members who keep track of them, and their probability and impact scores are produced, the project team can continue planning the risk responses. The team explores which strategy and action should be created to respond to risks’ negative or positive impact. These strategies depend on factors such as whether the risk is negative or positive, and its severity or significance. Project managers can utilize mathematical optimization models or real options analysis as a basis for a more robust economic analysis of alternative risk response strategies in projects with a greater complexity[1].

  
    10.5.1    
    Strategies Developed for Negative Risks (Threats)
  

  The project team responds to negative risks in various ways:

  
    	Escalation

    	Avoidance

    	Transfer

    	Mitigation

    	Acceptance

  

  Each of these responses can be an effective tool in reducing individual risks and the overall risk profile of the project. The risk response plan captures the risk management approach for each identified risk event and the actions the project management team will take to manage the risk.

  Escalation is implemented when the threat is outside of the scope of the project, and it is beyond the project manager’s control, that is the project manager isn’t capable of developing and implementing a response to this threat. Therefore, project manager should escalate the risk to a higher authority such as project sponsor, project steering committee, or the client. If there is a resource conflict with another project in our organization, it would be a wise move to escalate this issue to the sponsor or top management so that it can be solved at the program or portfolio level, or at the organizational level. Risks or issues related to project objectives, resource and inter-group conflicts, ambiguous roles and responsibilities, scope disagreements, third party dependencies are some known situations calling for escalations. Such issues require higher level intervention because many times the authority, decision making, resources or effort required to resolve them are beyond a project manager’s horizon. At times, the project manager may want to involve higher authorities for information-only escalations to keep them abreast of potential issues in the project. Escalation should be treated as a professional act and should be done in an effective way. Project managers should escalate timely if something is blocking the project and is beyond the project manager’s control. One should not hesitate to escalate within the performing organization and in the client’s organization as well. A proactive escalation and risk communication is far better than unpleasant surprises requiring costly fixes to the project[2].

  Risk avoidance usually involves developing an alternative strategy with a higher probability of success, but, usually, the associated cost of task completion also becomes higher. A common risk avoidance technique is using proven and existing technologies rather than adopting new techniques, even though the new techniques may show promise of better performance and/or lower costs. A project team may choose a vendor with a proven track record over a new vendor that is providing significant price incentives to avoid the risk of working with a new vendor. Alternatively, a project team that requires drug testing for team members is practicing risk avoidance by attempting to evade damage done by someone under the influence.

  Risk mitigation is a response to a risk that cannot be avoided or if it is unwise to avoid it (due to risk avoidance strategies being too expensive, too time-consuming, etc.). In this case, the project team is attempting to reduce the likelihood and impact of a risk. For instance, assigning highly skilled resources to an activity or performing more tests to detect irregularities and problems reduces the likelihood and impact of errors occurring. In product development projects, teams can develop prototypes to mitigate the risks by obtaining early feedback on requirements by providing a model of the expected product before actually building it. These prototypes can be small-scale products, computer generated 2D and 3D models, mock-ups, or simulations[3].

  Risk transfer is a risk reduction method that shifts the ownership of a threat from the project to another party. The purchase of insurance on certain items is a risk-transfer method. The risk is transferred from the project to the insurance company by paying a risk premium to another party that takes on the risk. A construction project in the Caribbean may purchase hurricane insurance that would cover the cost of a hurricane damaging the construction site. The purchase of insurance is usually connected to risks that can significantly impact the project while being out of the project team’s control, such as weather, accidents, sharp fluctuations in currency, political unrest, and labor strikes. Using performance bonds, warranties and guarantee, and establishing agreements are also considered as responses to transfer the risks.

  The fifth strategy, risk acceptance, involves doing nothing in response to the risk. The acceptance response is a good one when the likelihood and impact of a risk are low. In some cases, little else can be done about the risk, leading to acceptance being the only feasible option. When this response is chosen, an active strategy to deal with the risk would be to establish a contingency reserve that includes funds, time and/or resources to handle the threat.

  
    10.5.2    
    Strategies Developed for Positive Risks (Opportunities)
  

  As previously mentioned, positive risks (opportunities) are uncertainties that, if materialized, will have a positive impact on the project. The strategies to deal with positive risks can be listed as follows:

  
    	Escalation

    	Exploitation

    	Sharing

    	Enhancing

    	Acceptance

  

  Escalation of positive risks has the same process as is for negative risks. When the client tells the project manager that they are considering adapting the product for a different market and asks if we are interested in bidding for the work, we can escalate this opportunity to the project sponsor[4]. Another escalation strategy can be implemented when a team member identifies an opportunity to create a new value stream for the business. This opportunity is escalated for senior management attention[5].

  Risk exploitation can be considered analogous to risk avoidance strategy in negative risks. Risk exploitation strategy attempts to eliminate the uncertainty and ensure the occurrence of the opportunity. An example of this could be pursuing a bonus that is available only if an activity is completed early. In this case, the project team will reallocate resources in order to ensure the activity finishes early and the bonus is obtained. Project managers can use new technologies or technology upgrades to reduce cost and duration by means of this strategy.

  Risk-sharing can be considered analogous to risk transfer strategy in negative risks. It involves partnering with others to share responsibility for the risk. Partnering with another company via risk-sharing partnerships or joint ventures to share the risk is advantageous when the other company has the expertise and experience that the project team lacks. This increases the likelihood of the opportunity materializing and, if it does, both organizations share the gains.

  Risk enhancement can be considered analogous to risk mitigation strategy in negative risks. This strategy attempts to increase the probability and/or impact of an opportunity. However, it does not seek to ensure its occurrence. Project teams need to focus on the causes of an opportunity to take the advantage of it. For one component of our project, we were aware of that an investor is interested in the deliverables of this component since their non-profit organization can benefit from them. We can communicate with this investor and their non-profit organization to learn more about their objectives.

  The fifth strategy is the risk acceptance which is also used for negative risks. This risk strategy involves doing nothing in response to the positive risk (opportunity). This acceptance response is a good one when the likelihood and impact of a risk is low, or taking action is too costly or it needs a disproportionate amount of effort compared to the size of the work in the project and the benefit we can have. For example, for an activity, we want to have two highly-skilled engineers who work at another project. If we can convince them, we believe that we can have a better quality in our new product development, and we can finish this activity earlier. However, their project manager isn’t willing to release them since they are key people in that project. Thus, we just accept this risk, and decide to do nothing.

  
    10.5.3    
    Contingency Plan
  

  The project risk plan balances the investment of the risk response implementations against the benefit for the project. The project team often develops an alternative method for accomplishing a project goal when a risk event has been identified that may frustrate the accomplishment of that goal. These plans are called contingency plans. The risk of a truck drivers’ strike may be mitigated with a contingency plan that uses a train to transport the needed equipment for the project. If a critical piece of equipment is late, the impact on the schedule can be mitigated by making changes to the schedule to accommodate a late equipment delivery.

  Contingency funds are funds set aside by the project team to address unforeseen events that cause the project costs to increase. Projects with a high-risk profile will typically have a large contingency budget. Although the amount of contingency allocated in the project budget is a function of the risks identified in the risk analysis process, contingency is typically managed as one line item in the project budget.

  Some project managers allocate the contingency budget to the items in the budget that have high risk rather than developing one line item in the budget for contingencies. This approach allows the project team to track the use of contingency against the risk plan. This approach also allocates the responsibility to manage the risk budget to the managers responsible for those line items. The availability of contingency funds in the line item budget may also increase the use of contingency funds to solve problems rather than finding alternative, less costly solutions. Most project managers, especially on more complex projects, manage contingency funds at the project level, with approval of the project manager required before contingency funds can be used.
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10.6 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	Project risk is an uncertain event or condition that, if occurs, has a positive or negative effect on one or more project objectives.

        	Contingency reserve is allocated for known-unknowns whereas management reserve is allocated for unknown-unknowns.

        	The risk management plan is a component of the project management plan that describes how risk management activities will be structured and performed.

        	When risks are identified, they are recorded in a risk register. It is a key tool that helps project teams keep track of the status of risks, ensure response plans are effectively implemented, and new risks are managed.

        	Project teams perform qualitative risk analysis in order to prioritize individual project risks by assessing their probability of occurrence and impact.

        	The strategies to respond negative risks are escalation, avoidance, transfer, mitigation, and acceptance.

        	The strategies to respond positive risks are escalation, exploitation, sharing, enhancing, and acceptance.

        	The project team develops contingency plans as an alternative method for accomplishing a project goal when a risk event has been identified.

      

    

  

   

  




  
  





10.7 Multiple-Choice Questions


  
  There are 11 questions for this chapter.  You will get immediate feedback as you submit each answer and be taken to the next question.

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=321

  

  

  




  
  





10.8 Exercises


  
  
    
      Exercise 1: TechCity E-Commerce Platform Development Project

    

    
      
        Background:
      

      TechCity, a fictional mid-sized retailer specializing in electronics and home appliances, is expanding its online presence to stay competitive. The company has decided to develop a new e-commerce platform to increase revenue and improve customer experience. The project involves creating a user-friendly website and mobile application with features such as personalized recommendations, seamless payment integration, inventory management, and advanced analytics for sales forecasting.

      The project is led by the IT department in collaboration with the marketing and sales teams, external vendors, and a third-party software development company. The project has a timeline of 12 months and a budget of $1.5 million. The following major activities have been identified:

      
        Activities:
      

      
        	
          Requirement Gathering (2 months):
          
            	Conduct stakeholder interviews and surveys to finalize the list of platform features.

            	Document functional and non-functional requirements.

            	Identify compliance and security requirements.

          

        

        	
          System Design (1 month):
          
            	Design the architecture for the platform, including frontend, backend, and database.

            	Create wireframes and mockups for user interfaces.

          

        

        	
          Development (5 months):
          
            	Develop the website and mobile application.

            	Integrate payment gateways, inventory systems, and third-party APIs.

            	Conduct code reviews and unit testing.

          

        

        	
          Testing and Quality Assurance (2 months):
          
            	Perform functional, integration, and security testing.

            	Conduct usability tests with internal and external stakeholders.

            	Address bugs and defects identified during testing.

          

        

        	
          Deployment (1 month):
          
            	Set up the production environment and deploy the platform.

            	Train employees and customer service staff.

            	Roll out the platform in phases to minimize disruptions.

          

        

        	
          Post-Deployment Monitoring (1 month):
          
            	Monitor platform performance and fix critical issues.

            	Collect customer feedback and plan for future updates.

          

        

      

      
        Stakeholders:
      

      
        	
          Internal Stakeholders:
          
            	Project Sponsor: Chief Technology Officer (CTO).

            	Project Manager: IT Project Manager from TechCity.

            	Project Team: Software developers, UI/UX designers, system analysts, and QA testers.

            	Marketing Team: Responsible for branding and promotional campaigns.

            	Sales Team: Provides input on customer preferences and sales strategies.

          

        

        	
          External Stakeholders:
          
            	Third-Party Vendor: Develops payment gateway and inventory management integration.

            	Software Development Company: Responsible for coding and system development.

            	Customers: Provide input during usability testing.

          

        

      

      Tasks and Questions:

      
        Part 1: Identifying and Categorizing Risks
      

      
        	
          Risk Identification:
          
            	Identify at least five risks based on the project activities, stakeholders, and other potential internal and external factors. Ensure that there is at least one positive risk (opportunity).

          

        

        	
          Categorization:
          
            	Categorize each identified risk as either individual risks (impacting specific activities) or overall project risks (impacting the entire project).

          

        

      

      
        Part 2: Assessing Probability and Impact
      

      
        	
          Risk Assessment:
          
            	Based on the provided project details, assess each identified risk’s probability (see Table 10.4.1) and impact (see Table 10.4.2 and 10.4.3).

          

        

        	
          Risk Register:
          
            	Create a table with the columns “risk ID,” “risk description,” “probability,” “impact,” and “severity score” (see Table 10.4.4).

          

        

      

      
        Part 3: Developing Risk Response Strategies
      

      
        	
          Response to Negative Risks:
          
            	For the two highest-priority negative risks, propose response strategies using one or more of the following approaches: 	Escalation
	Avoidance
	Transfer
	Mitigation
	Acceptance



          

        

        	
          Response to Positive Risks:
          
            	For a positive risk, propose response strategies using one or more of the following approaches: 	Escalation
	Exploitation
	Sharing
	Enhancing
	Acceptance



          

        

      

      
        Part 4: Establishing Contingency Reserves
      

      
        	
          Contingency Reserve:
          
            	Based on the severity scores and response strategies of these three risks, allocate contingency reserves.

          

        

      

      
        Part 5: Post-Project Issues and Benefits
      

      
        	
          Post-Project Uncertainties:
          
            	Identify two post-project uncertainties (e.g., customer adoption of the platform and long-term maintenance costs). Suggest strategies to address these uncertainties during the planning phase.

          

        

        	
          Project Benefits:
          
            	List three tangible benefits and two intangible benefits.

          

        

      

    

  

   

  
    
      Exercise 2: Distinguishing Negative and Positive Risks, and Positive Risks from Benefits

    

    
      
        Background:
      

      A fictional agricultural start-up is launching its first urban vertical farming facility in Chicago. The facility will use hydroponics and AI-driven systems to grow fresh vegetables year-round, targeting local restaurants and grocery stores. The project aims to create a sustainable and scalable farming model that reduces water usage, minimizes transportation costs, and provides fresh produce to urban consumers.

      The total project budget is $1.5 million, and the timeline is 12 months. The project is split into three main phases:

      
        	Facility Setup (Months 1-6): Construction of the vertical farming structure, installation of hydroponic systems, and integration of AI-driven monitoring tools.

        	Crop Testing and Optimization (Months 7-9): Testing different crop types and optimizing growth cycles.

        	Market Launch (Months 10-12): Partnering with local businesses, setting up delivery logistics, and launching marketing campaigns.

      

      
        Key Details:
      

      
        	
          Stakeholders:
          
            	Internal: Project team (agronomists, engineers, marketing professionals), company executives

            	External: Construction contractors, hydroponics suppliers, AI solution vendors, restaurant and grocery partners

          

        

        	
          Potential Issues and Opportunities:
          
            	Delays in acquiring construction permits.

            	Unforeseen weather conditions that may cause delays during the facility setup.

            	The hydroponic supplier offers early delivery with a discount.

            	Higher-than-expected crop yields during the testing phase.

            	Resistance from local businesses to adopt urban farming produce.

            	Potential to save 20% on water usage compared to initial estimates.

          

        

      

      
        Tasks and Questions
      

      
        Part 1: Identifying Positive and Negative Risks
      

      
        	Identify three negative risks (threats) and three positive risks(opportunities) from the case study.

        	For each identified risk: 	Describe its potential impact on the project.
	Explain why it is categorized as a risk, not an issue or uncertainty.



      

      
        Part 2: Distinguishing Positive Risks from Benefits
      

      
        	Identify two positive risks in the case study and explain how they can be exploited or enhanced during the project lifecycle.

        	Identify two benefits that the project aims to achieve after completion. Compare them with the positive risks identified in Question 1, explaining why benefits are not classified as risks.

      

    

  

   

  




  
  





Chapter 11. Monitoring and Controlling




11.0 Learning Objectives and Overview


  
  
    
      Learning Objectives

    

    
      
        	Explain the monitoring and controlling process and differentiate between monitoring and controlling.

        	Describe qualitative monitoring for project management knowledge areas except for schedule and cost.

        	Describe Earned Value Management (EVM), a quantitative monitoring tool to monitor and control the progress of project activities.

        	Define the change control process.

      

    

  

  
    Overview
  

  
    The monitoring and controlling process differentiates from other processes (i.e., initiating, planning, executing, and closing out), in that, it spans throughout the whole project. Project managers should ensure that everything is on track (e.g., scheduled activities are completed on time, and there is no budget overrun) and take the project back on track if it deviates from its three main baselines, which are triple (iron) constraints, scope, schedule and cost, and other constraints such as quality and resources, and the satisfaction of the client and stakeholder eventually. Project managers implement a holistic approach by focusing on all the aspects of a project to keep the project on track and accomplish a successful closeout where the client and stakeholders are satisfied with the project outcomes. Various techniques are utilized to monitor and control the projects, which have been discussed in sections 11.2 and 11.3 in this chapter.
  

  




  
  





11.1 Monitoring and Controlling Project Work


  
  Before the project is approved, business (or systems) analysts or a team of analysts and product owners, representatives of business units, and other relevant stakeholders create a business case and benefits realization management plan. Project managers may participate in this process if the organization has a PMO (see Chapter 2 and Chapter 3). At the very beginning of the project, that is, the initiation phase, the project charter is prepared, and with the approval of the project sponsor and the client, project plans are built upon those documents and processes to elaborate on the main pillars of the project (i.e., scope, schedule, cost, quality, risks, resources, and stakeholders). While establishing a strong baseline is a key factor in project success, ineffective monitoring and controlling can spoil all the efforts made to establish this strong baseline. Remember the causes of failure to meet the project activities discussed in Chapter 1 under “1.4 Project Success”. According to the PMI 2020 Pulse of the Profession report[1], the factors responsible for the failure were listed as a lack of clearly defined and/or achievable milestones and objectives to measure progress (37%), poor communication (19%), lack of communication by senior management (18%), employee resistance (14%), and insufficient funding (9%). The monitoring and controlling process relies on clearly defined milestones and objectives to measure progress. One of the key responsibilities of a project manager is to monitor and control all the project work and ensure that everything is on track. This process consists of tracking, reviewing, and reporting the overall progress to meet the performance objectives defined in the project management plan[2]. Monitoring and controlling project work allows stakeholders to understand the project’s current state, recognize the actions taken to address any performance issues, and have visibility into the future project status with cost and schedule forecasts.

  It is important to note that monitoring project success on small projects is much easier. Due to far fewer team members, stakeholders, and complexities to consider, the project’s progress is more easily observed. However, on higher complexity projects that require many people, which are often spread out over different locations, project leaders cannot use simple observation to assess progress. In these instances, it is important to have more robust tools and techniques (see sections 1.2 and 1.3 for qualitative and quantitative monitoring tools) that monitor the success of the full project team.

  The project team evaluates its performance against the plans that have been developed. Every project requires a monitoring and control system. This system considers the following:

  
    	What information is needed, and how should it be collected?

    	When (and with what frequency) should this information be collected?

    	Who should collect and analyze this information?

    	How should this information be represented from a reporting perspective?

    	Who should prepare the reports?

    	Who should receive the reports?

  

  
    11.1.1 
    The Difference between Monitoring and Controlling
  

  Although the process is traditionally named “monitoring and controlling,” we should know that there are differences between these two concepts. Controlling cannot be carried out by the project team if monitoring has not been done properly. Thus, monitoring leads to controlling, while controlling may require more monitoring if controlling determines that sufficient information couldn’t be derived from the monitoring process.

  Let’s clarify the distinction between monitoring and controlling.

  
    Monitoring
    
      [3]
    
  

  
    	Collecting project performance data

    	Producing performance measures

    	Reporting and disseminating performance information

  

  
    Controlling
    
      [4]
    
    :
  

  
    	Comparing actual performance with planned performance

    	Analyzing variances

    	Assessing trends to affect process improvements

    	Evaluating possible alternatives

    	Recommending appropriate corrective action as needed

  

  As seen above, we collect and analyze the data to create performance measures. For example, our project dashboard can indicate our current status regarding the schedule and budget. We can also have a detailed Excel file exhibiting our day-to-day activities and actual costs. If this data is produced properly, we can continue with the controlling first by comparing the actual performance with the planned performance, the project baseline. After we evaluate the variances and trends, we can evaluate possible alternatives to recommend corrective actions.

  Monitoring and controlling process involves regularly measuring project progress to ensure it meets objectives and addresses current organizational needs. It involves determining what corrective action is required, when, and who must do it. Monitoring begins at the very beginning of the project (initiation) and increases in density in the planning phase because it is easy to get off track with planning efforts (Figure 11.1.1). Besides, the execution of project activities would need considerable attention from the project manager and team to monitor and control activities and performance measures (Figure 11.1.1). When the traditional predictive/waterfall development methodology is used, the team monitors performance against the timeline, budget, scope, and quality objectives for the entire project. When an adaptive approach is used, progress within the iteration is assessed (see Chapter 12).

  
    [image: Figure 11.1 displays five process groups that were identified by the PMBOK Guide Sixth Edition. The vertical axis represents "Level of effort (workforce, resources, interaction)". The horizontal axis represents "Time. Monitoring and Controlling process group spans throughout the whole project from start to finish. All process groups overlap with one another. The highest effort is spent for Executing Process Group.]
    
      Figure 11.1.1: Project Management Process Groups 
      

      (Adapted from PMBOK Guide 6th Edition)
    

  

   

  
    11.1.2 
    Tools Utilized to Conduct Effective Monitoring
  

  Effective monitoring requires a system that allows the project team to collect performance data accurately and with minimum errors. The commonly collected information includes the status of the project budget and the project schedule. The work completed to date, what has yet to be completed, and the likelihood of completing the project on time and within budget are of particular interest. How this monitoring is performed quantitatively will be detailed below in 11.3 “Earned Value Management.” In addition, it is important to identify the risks and issues that require attention. Information technology should be used whenever possible to collect and analyze the information and distribute the reports. Different organizations require different roles to collect and analyze the project information. In organizations with a project management office (PMO), PMOs may be accountable for progress reporting in an “end-to-end” way, meaning they would be involved from information collection to report distribution. Organizational policies (from a formal perspective) and organizational culture (from an informal perspective) influence who and how progress monitoring is performed.

  One of the common methods used to monitor progress is team meetings. Team meetings are highly collaborative and serve many purposes, including information sharing and team development. Depending on the nature of the project, these meetings may be focused exclusively on sharing the status of tasks underway. It is also possible for status discussions to lead to team planning. The individuals who participate in these meetings vary depending on many factors, such as development methodology in use, organizational culture, project complexity, and overall project status. The frequency of team meetings is much higher in agile (adaptive) projects than in traditional (predictive/waterfall) projects in order to ensure agility, flexibility, on-time interventions, and timely feedback from team members and the product owner. For example, agile teams, in particular Scrum teams, have daily standups to discuss what has been completed since the last standup meeting, what is planned to be completed until the next meeting, and what the impediments, risks, and problems that members may encounter are (see Chapter 12, Section 12.2.2).

  Project teams typically develop different reports for different stakeholders. Stakeholders with a high interest and high power/influence will receive more information more frequently (recall the stakeholder power/interest grid presented in Chapter 5). Depending on the priority and duration of the project, the reporting frequency could be daily, weekly, monthly, or quarterly.

  We can mention three different types of project reports as follows:

  
    	Status reports – where the project stands at a specific point in time

    	Progress reports – what the project team has accomplished during a certain period

    	Forecast reports – future project status based on current project status and known trends

  

  Tables 11.1.1, 11.1.2, and 11.1.3 exhibit short examples of status, progress and forecast reports, respectively, based on our example of the overall case discussed throughout the book (see Section 1.2.4).

  
    Table 11.1.1: An Example of an Overview based on a Status Report
    
      [5]
    
  

  	Period 	May 27, 2022 – July 7, 2022 
 	Team Name 	Grocery LLC M-Commerce Project Team 
 	Status Report Prepared by: 	 Project Manager 
 	Overall Status: 	[image: ]Green — On Track 	[image: ]Yellow — Caution 	[image: ]Red – Problem 
  

  
    Table 11.1.2: An Example of a Progress Report
    
      [6]
    
  

  
    Activities/Deliverables Completed Since Last Reporting Period
  

  	WBS # 	Activity Name 	Duration 	Date Completed 	Comments 
 	2.1 	Review needs analysis based on the business case 	3 days 	Tue 5/31/22 	The review has some issues due to the missing key points in the preceding activities. However, the team worked very well to compensate for the delay. No delay was experienced. 
 	2.2 	Elicit requirements from stakeholders 	10 days 	Sun 6/10/22 	It finished two days earlier than its planned 6/14 schedule. 
 	2.3 	Draft preliminary stakeholder specifications 	7 days 	Tue 6/21/22 	An additional two days were added from 2.2. 
 	2.4 	Review specifications with the team and stakeholders 	5 days 	Tue 6/28/22 	Finished on time. 
 	2.5 	Incorporate feedback on the specifications 	3 days 	Fri 7/1/22 	Finished on time. 
 	2.6 	Develop a preliminary budget and delivery timeline 	3 days 	Wed 7/6/22 	The one-day delay was experienced due to the absence of a representative from the budget department. 
 	2.7 	Obtain approvals to proceed (concept, timeline, budget, resources) 	1 day 	Wed 7/6/22 	The meeting with the sponsor took 3 hours. The sponsor was convinced we could proceed with the activities under the third component “Design”. 
 	2.8 	Analysis complete 	0 days 	Thu 7/7/22 	Milestone achieved. 
  

   

  
    Table 11.1.3: An Example of a Forecast Report
    
      [7]
    
  

  
    Activities & Deliverables for the Next Reporting Period
  

  	WBS# 	Activity Name 	Duration 	Date to be Completed 	Comments 
 	3.1 	Review preliminary stakeholder specifications 	3 days 	Mon 7/11/22 	Stakeholder Z (high power, high interest) notified us of serious conflicts in the preliminary stakeholder specifications. We may expect a 2-day delay. The sponsor should be informed immediately. 
 	3.2 	Develop solution (functional and non-functional) specifications 	5 days 	Mon 7/18/22 	Developer 1 may not be available during this activity. Therefore, a developer must be kept as a substitute to ensure attendance. 
 	3.3 	Develop transition requirements 	2 days 	Wed 7/20/22 	No delay is expected. 
 	3.4 	Develop design mockups based on specifications 	5 days 	Wed 7/27/22 	Stakeholder Z may have some objections. Project member 2 will be assigned to communicate with this stakeholder. 
 	3.5 	Review specifications 	2 days 	Fri 7/29/22 	The same issue with Stakeholder Z. 
 	3.6 	Incorporate feedback into specifications 	2 days 	Tue 8/2/22 	The same issue with Stakeholder Z. 
 	3.7 	Finalize project management plan 	8 days 	Fri 8/12/22 	Based on the stakeholders’ feedback, we may experience delays. 
 	3.8 	Design complete 	0 days 	Mon 8/15/22 	No comments. 
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11.2 Qualitative Monitoring


  
  Qualitative monitoring, as its name implies, involves measuring quality rather than quantity. In the context of project management, qualitative monitoring addresses the following questions:

  
    	Scope: Is the team delivering on the intended scope in order to fulfill the project’s objectives and organizational needs?

    	Quality: Is the quality of the deliverables meeting stakeholder expectations?

    	Stakeholders: Are stakeholders engaged?

    	Communications: Are project communications effective?

    	Risks: Are risks and opportunities being effectively managed by the team?

    	Resources: Are resources being effectively managed and available as expected?

    	Procurement: Are the expectations outlined in procurement contracts being adhered to by vendors?

    	Team Management: Has the team become high-performing and are individual team members meeting performance expectations?

  

  
    11.2.1 
    Validating and Controlling Scope
  

  The approach to monitoring and controlling scope depends on the development methodology used. The predictive/waterfall approach involves a sequential definition of requirements and scope, leading to solution development. This approach is commonly utilized when the organization has a clear vision of the project’s outcome. Given this, monitoring and controlling scope occurs with the premise that significant scope changes are not expected. Validating scope involves formal acceptance of the completed project deliverables by the project sponsor and their assigned designates. Acceptance often requires deliverable reviews where the quality of the work is inspected before sign-off is provided. Changes may be required. These changes can result from poor quality (which leads to re-work) or new requirements intended to improve the organizational value of the project’s outcomes. New requirements are carefully controlled. This is necessary because the project’s resources, timelines, and budget are defined with a specific scope once solution development begins. A scope change may mean those resources, timelines, and budgets are insufficient to deliver on the increased scope. Controlling scope in this situation requires the project team to assess the impact of the new requirement on all the project’s constraints. If necessary, the team will seek approval for additional funding, time, and/or resources to pursue the new requirement. Project leaders must reserve judgment on scope changes until the impact and benefits are clearly understood. The term “scope creep” refers to the poorly controlled expansion of scope over time. This means that the scope expands, perhaps unintentionally, without understanding its impact on the project’s other constraints, such as time and budget. Therefore, utilizing an integrated approach for change management is a critical success factor for projects using the predictive/waterfall approach.

  Projects that use an adaptive development methodology, such as agile, take a fundamentally different approach to handling scope changes. Scope definition, as well as solution development and testing, occur iteratively or incrementally. As new requirements are identified, they are evaluated from a cost/complexity and benefits perspective, and if worth pursuing, they will be scheduled into a future iteration. A continuous improvement mindset encourages scope definition to occur in cycles.

  
    11.2.2 
    Controlling Quality
  

  Quality is about ensuring the expectations of the project sponsor have been met. This involves ensuring the expectations of the end-user community are well understood. High quality is achieved by planning for it (proactive) rather than reacting to problems after they are identified (reactive).

  Standards are chosen, and processes are established to achieve those standards during the planning phase. Project quality focuses on the end deliverables that reflect the project’s purpose. The project leader is responsible for developing a quality management plan defining the quality expectations and ensuring the specifications and expectations are met. In the execution phase, the project team attempts to prevent quality issues from occurring using quality management techniques, such as checklists, assessments, and Lean Six Sigma tools. Lean Six Sigma tools are focused on creating efficient and effective processes that involve error-proofing methods.

  In the monitoring and control phase, the project team reviews the project deliverables to ensure they are ready for review and sign-off. Ideally, this review leads to deliverable acceptance. However, the team may encounter problems that they are unable to prevent. When this occurs, the team aims to determine how to fix these problems. One of the most effective ways to address a problem is by understanding its root cause(s). Cause-and-effect diagrams, also called fishbone or Ishikawa diagrams, are very effective for this purpose (see 2.3 Business Case).

  
    11.2.3 
    Monitoring Stakeholder Engagement
  

  Project teams cannot control stakeholders. However, they can significantly influence their level of engagement. During the planning phase of a project, the stakeholder register is created (see Chapter 5), which is an effective tool for keeping track of a project’s stakeholders, their relative interest in the project, and their level of power/influence over the project’s outcomes. The register provides an effective starting place for determining how to engage stakeholders according to their power and interest levels if a Power/Interest Grid is used.

  During the monitoring and control phase, the project team looks for new stakeholders and monitors the engagement level of existing stakeholders. Engagement techniques will vary from one organization to another as their respective cultural norms and values influence how individuals work together. Some organizations prefer face-to-face interaction, while others prefer electronic messaging and project team websites. Whatever the methods are used to engage stakeholders, it is important to keep stakeholders informed of the project’s progress and to find the right approaches for meaningfully involving stakeholders throughout the project’s life.

  A project leader’s interpersonal skills are critical in stakeholder management (See Chapters 5 and 6). Some stakeholders may have become unresponsive to the project team’s requests. When this occurs, the project leader’s relationship-building skills will be tested to understand the stakeholder’s actions. Conflict resolution skills, such as negotiating, are vital because stakeholders are likely to have differing priorities, and successfully navigating these conflicts can be the difference between project success and project failure.

  
    11.2.4 
    Monitoring Communications
  

  Communication is one of the most effective ways to engage team members and other stakeholders. For this communication to be effective, it must be developed and delivered considering stakeholder roles and communication preferences. During the planning phase, a communication plan would be created to guide the project team’s communication efforts throughout the project (See Chapter 6). It is important for project leaders to proactively determine if the selected communication methods will be suitable for the key stakeholders. This is done by directly asking them and monitoring their responsiveness to the communication delivered. Another important way to determine if project stakeholders are well-informed is to pay careful attention to the questions they ask. Questions about project progress addressed in recent project communications are a good sign that the communication techniques may not be effective for a particular stakeholder. When this occurs, it is time to revisit the communication plan and make the appropriate adjustments.

  
    11.2.5 
    Controlling Procurements
  

  Monitoring procurement includes ensuring the vendors’ performance meets the agreed-upon, often contractual, requirements. The complexity of the project determines the number and type of vendors procured. This, in turn, determines the nature of the monitored activities. For instance, projects that only require supplies to be purchased externally will have much simpler vendor management processes than projects that have to outsource the completion of some of the work to external consultants.

  Key tools and techniques that may be used in procurement management include inspections, audits, formal change control methods, vendor-produced performance reports, payment systems, and contract administration.

  
    11.2.6 
    Monitoring Risks
  

  Monitoring and controlling risks involves implementing a risk management plan. A key aspect of this plan is the risk register, which helps the team keep track of the project risks, triggers (early warning signs), and risk responses (See Chapter 10). Risk responses can be implemented in any project phase if documentation is kept current.

  Many project teams establish contingency plans and funds to account for all risks (e.g., negative and positive risks, individual and overall project risks). When these risks materialize, the project team determines if the contingency plans and/or funds will address these risks and, if so, they will be implemented. The project team must identify workarounds if contingency plans/funds don’t suffice.  Contingency plans and workarounds are then monitored to determine if they are effective. Additional corrective action may be required.

  
    11.2.7 
    Controlling Resources
  

  Projects require human resources, physical resources, and services to produce the desired outcomes (See Chapter 8). During monitoring and controlling, the project leader assesses the effectiveness of all types of resources.

  With respect to the project team, effective project managers continuously assess the team’s and its members’ performance. Effective coaching and mentoring skills are essential and can be the difference between project success and failure (See Chapter 6). In addition, a project leader must sometimes make the difficult decision to replace team members when they cannot perform as expected or the ensuing conflicts cannot be resolved. Conflict management skills are important in this regard (See Chapter 6). Proactive conflict management requires the project leader to continuously monitor the team’s stress levels to anticipate the likelihood of rising conflict. Monitoring resource utilization levels in the project schedule and staying connected to project team members are also critical activities that the project leader must perform. Lastly, many projects require people with different skills at different times. Project leaders should actively monitor when these skills will be required and ensure people join/transition off the project at the appropriate times.

  The availability and effectiveness of physical resources are also closely monitored. In some instances, faulty or ineffective equipment has to be replaced. If the scope of the project changes, new equipment and technology may be required, which, in turn, may lead to additional work in procurement management.

  Monitoring and controlling is about integrating all the teams while assuring that work is being completed steadily to keep the project on track. This phase is vital to the overall success of the project. Thus, requiring additional, highly-skilled resources is a key consideration during the planning phase.

  




  
  





11.3 Earned Value Management (EVM)


  
  A project manager must regularly compare the amount of money spent with the budgeted amount and report this information to key stakeholders. In addition, project managers must also compare the progress of the actual work completed with the estimated durations in the project schedule. One of the quantitative monitoring techniques project managers utilize is Earned Value Management (EVM), which combines scope, schedule, and cost baselines to determine the project’s well-being and to decide whether an action is required in case of problems. EVM is essential to project success. It is used extensively in many business fields and organizations, such as the Department of Defense (DOD) and construction industries. In contrast, the IT industry has not due to reasons such as practicing agile (adaptive) project management and hence lack of a fixed baseline[1].

  EVM is a quantitative monitoring technique that uses metrics and indexes to assess project performance. Earned value analysis compares the performance measurement baseline to the actual schedule and cost performance. EVM integrates the scope baseline with the cost baseline and schedule baseline to form the performance measurement baseline [2][ii]. The application of earned value in the early initiation and planning phases of a project increases the validity and usefulness of the cost and schedule baseline. It is an excellent verification of the project scope assumptions and the scope baseline. Once established, these baselines become the best source for understanding project performance during execution. A comparison of actual performance (both cost and schedule) against this baseline provides feedback on project status and data, not only for projecting probable outcomes but also for management to make timely and useful decisions using objective data[3]. EVM, known as “management with the lights on,” is based on the principle that past patterns and trends can indicate future conditions. EVM helps us clearly and objectively see where our project is headed compared to where it’s supposed to be[4].

  EVM can help answer the questions below[5]:

  
    	Are we delivering more or less work than planned?

    	When is the project likely to be completed?

    	Are we currently over or under budget?

    	What is the remaining work likely to cost?

    	What is the entire project likely to cost?

    	How much will we be over or under budget at the end of the project?

    	What is driving the significant cost and/or schedule variances?

  

  In EVM, an important point must be clarified. We will always see monetary amounts even though we measure the scope or schedule performance. The denominator for all of them is the currency we use for our project. If we use the US dollar, the denominator would be the US dollar. The analogy for EVM would be doing shopping in a market. We buy different items such as olive oil, cookies, milk, eggs, and laundry detergent. All these items are converted to a monetary value, allowing us to compare the prices between different brands. In the end, we know the total amount in dollars. This is exactly what is happening for EVM. Therefore, when we see a result showing dollars, it doesn’t necessarily mean it is related to the cost. It can indicate a problem in scope (e.g., not all planned activities have been completed) or schedule (e.g., the project is behind schedule).

  
    11.3.1 
    Main EVM Parameters
  

  To start with EVM, we should elaborate on three key dimensions. They are:

  
    	Planned Value (PV) is the amount of work estimated and planned to be done by a particular date in the project. This work is measured by the cost of planned work by a specific date. As explained above, EVM measures all the values with monetary units to create a common measurement scale. PV includes contingency reserve while excluding management reserve. Microsoft Project also uses BCWS (Budgeted Cost of Work Scheduled) besides PV. Total PV can be referred to as Performance Measurement Baseline (PMB) or Budget at Completion (BAC).

  

  Let’s consider our Grocery LLC’s m-commerce project. Let’s assume that we outsourced the development component to a software company. Therefore, this component would be a project for this company. They divided the development of the mobile app interface and the backend part into ten activities (e.g., user profile and settings, items to purchase with pictures, features and prices, payment, order tracking, databases, etc.). There are ten activities to finish the development of the mobile app (scope baseline). Then, we can continue testing the mobile app. Each development activity was scheduled to be three days. In total, the mobile app will be ready to test in thirty days (schedule baseline). Let’s also assume we must pay $2,000 for each phase. The total cost baseline for all ten activities is $20,000 ($2,000 x 10). For earned value analysis, we consider $20,000 as our total planned value, also named BAC (Budget at Completion).

  
    	Earned Value (EV) is the amount of work completed by a particular date in the project. This work is measured by the cost of work performed and completed by a specific date. Microsoft Project uses BCWP (Budgeted Cost of Work Performed) besides EV.

  

  Let’s assume that the company we outsourced the development component finished five activities at the end of the eighteenth day. The planned value by that day was 6 activities, which amounts to $12,000 ($2,000 x 6). However, only five activities were completed, which is 50% of the planned work. Our earned value can be measured as $10,000 ($2,000 x 5).

  
    	Actual Cost (AC) is the sum spent on the project so far. Microsoft Project also uses ACWP (Actual Cost of Work Performed) besides AC.

  

  For the five activities completed, we paid $11,200. This is the actual cost at the end of the eighteenth day (the status date).

  
    11.3.2 
    Variance Analysis
  

  Once PV, EV, and AC are calculated, variance analysis can be performed to assess whether the project is within budget, over budget, or under budget, as well as whether it is on schedule, delayed, or ahead of schedule.

  
    
      Cost Variance (CV) and Cost Performance Index (CPI)
    
  

  The difference between EV and AC is the cost variance (CV).

  CV = EV – AC

  If the cost variance is negative, we can conclude that the project is over budget as of the status date. If the cost variance is positive, the project is under budget. If the CV is zero, the project is on track regarding the budget.

  In our example, we could finish five activities at the end of the eighteenth day. EV is $10,000, and AC is $11,200.

  CV = 10,000 – 11,200 = -1,200

  This means that our project is over budget.

  Instead of CV, we can also use CPI (Cost Performance Index), which gives us a ratio instead of an absolute number. CPI uses the same variables as CV but expresses them as a ratio. CPI is calculated as follows:

  CPI = EV / AC

  CPI = 10,000 / 11,200 = 0.89

  CPI measures the cost efficiency of budget resources[6]. When CPI is less than 1.0, it indicates a cost overrun. When CPI exceeds 1.0, it indicates a cost underrun for the work completed. If it is 1.0, it indicates that the project budget is on track.

  
    
      Schedule Variance (SV) and Schedule Performance Index (SPI)
    
  

  The difference between planned value and actual progress (earned value) is the schedule variance (SV).

  SV = EV − PV

  If less value has been earned than was planned, the schedule variance is negative, which means the project is behind schedule. If there is a positive variance, it indicates that the project is ahead of its planned schedule. If SV is zero, the project schedule is on track.

  In our example, we could finish five activities at the end of the eighteenth day. EV is $10,000, and PV is $12,000.

  SV = 10,000 – 12,000 = -2,000

  It means that our project is behind schedule. -$2,000 does not indicate a number related to the cost. As mentioned above, the monetary unit is the common measure for the schedule baseline and variance.

  Instead of SV, we can also use SPI (Schedule Performance Index), which gives us a ratio instead of an absolute number. SPI uses the same variables as SV but expresses them as a ratio. SPI is calculated as follows:

  SPI = EV / PV

  SPI = 10,000 / 12,000 = 0.83

  SPI is a measure of schedule efficiency. It measures how efficiently the project team accomplishes the work[7]. When an SPI is less than 1.0, it indicates that the project is behind schedule, while an SPI greater than 1.0 indicates that it is ahead of schedule. If it is 1.0, it indicates that the project schedule is on track.

  
    11.3.3 
    Trend Analysis
  

  After PV, EV, and AC values are generated and variance analysis is performed, we can conduct trend analysis to predict how our project may perform during the rest of the project and when the project is completed.

  
    
      Trend Analysis for Schedule
    
  

  We can estimate a new completion time using the SPI. In our example, the project is behind schedule. Let’s determine if we may have a delay if the SPI remains the same. We had scheduled to finish the development component in 30 days. The current SPI is 0.83. If we cannot improve the SPI, we will be delayed.

  Adjusted schedule estimate = Original schedule estimate (schedule baseline) / SPI

  Adjusted schedule estimate = 30 days / 0.83 = 36.14 days

  Therefore, we may have a delay of 6 days in this component.

  
    
      Trend Analysis for Budget
    
  

  We can estimate the new project budget. In our example, the project is over budget. Therefore, may we expect to spend more than we estimated in our cost baseline (BAC – budget at completion, which is the total PV)? If we assume that CPI won’t change during the rest of the project, we can use the formula below:

  EAC (Estimate at Completion) = BAC / CPI

  EAC = $20,000 / 0.89 = $22,472

  Therefore, we can estimate that we may spend $22,472 instead of $20,000, which was our cost baseline. The difference between BAC and EAC gives us VAC (Variance at Completion).

  VAC = BAC – EAC

  VAC = $20,000 – $22,472 = -$2,472

  Thus, if we cannot improve the current CPI, we may spend an additional $2,427 when the project is completed.

  Another parameter that we can generate is ETC (Estimate to Complete).

  ETC = EAC – AC

  ETC = $22,472 – $11,200 = $11,272

  Thus, we expect to spend $11,272 during the rest of the project.

  The third parameter we can use is TCPI (To-Complete Performance Index). Project managers use TCPI to calculate the CPI required to get the project back on budget.

  TCPI = (BAC-EV) / (BAC-AC)

  TCPI = ($20,000 – $10,000) / ($20,000 – $11,200) = 1.14

  The project manager should assess the CPI (1.14) required to get the project back on track with its cost baseline. This assessment would be based on various factors, such as the availability and quality of resources for the remaining activities and the project team’s commitment and performance.
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      	Project Management Institute. (2011). Practice Standard for Earned Value Management – Second Edition. ↵


      	Retrieved from https://www.pmi.org/pmbok-guide-standards/framework/earned-value-management-2nd. ↵
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11.4 Change Control Process


  
  
    The monitoring and controlling process is constant, starting at the very beginning of the project and finishing when the project is closed out. As detailed in Section 11.1, monitoring and controlling involves regularly measuring progress on a project to ensure it meets objectives and addresses current organizational needs. Project managers monitor the project work by collecting project performance data, producing performance measures, and reporting and disseminating performance information. Then, they compare actual performance with planned performance, analyze variances and assess trends to affect process improvements (see Section 11.3), and finally evaluate possible alternatives and recommend appropriate corrective action as needed[1].

    To manage the control process effectively, projects must have a change management plan and a configuration management plan which are sub-plans of the overall project management plan. A change management plan provides the direction for managing the change control process and documents the roles and responsibilities of the approval authority or the change control board, if available. The configuration management plan describes the project’s configurable items. It identifies the items that will be recorded and updated so that the project’s product remains consistent and operable[2]. Therefore, these plans guide project managers and teams when they need to make a change in the project and configure primarily the product scope.

    When we find a problem, we can’t just make a change since we should evaluate possible alternatives and consider risk response strategies and the availability of contingency reserves (see Chapter 10). What if corrective actions exceed our schedule or budget constraints? We must evaluate triple constraint elements (scope, schedule, and cost) and other constraints such as resources and quality. Compromising the quality of the outcomes and deliverables would endanger the approval process, leading to project failure. Therefore, we must figure out if it is worth making the change. Change control is a set of procedures that let us make changes in an organized way.

    We must start with a change request whenever we change our project management plan. This request is generally in the form of a document (Table 11.4.1). Any change to the project needs to be documented so we can figure out what needs to be done, by when, and by whom. Any stakeholder can request a change. Once the change request is documented, it is submitted to a change control board, particularly if the project is within a program or portfolio, and this necessitates the submission of change requests exceeding a specified cost. A change control board is a group of people considering changes for approval. Not every change control system has a board. The change control system is designed based on various factors such as the size and complexity of the project, organizational policies, business field, and contract requirements. The project manager generally submits the change requests to the project sponsor for review and approval. The project manager is responsible for monitoring the change process from the very beginning to the very end. Putting the recommended changes through change control will help us evaluate the impact and update all the necessary documents. Not all changes are approved, but if the changes and repairs are approved, we send them back to the team to put them in place.

    
      Table 11.4.1: Change Request Form Template
    

    	Project Name: 	 
 	Project Number: 	 
 	Project Manager: 	 
 	Requestor Name: 	 
 	Request Date: 	 
 	Resolution Requested 	 
 	Description of Change: 
 	Reason for Change: 
 	Impact on Scope and/or Deliverables: 
 	Impact on Resources and Quality: 
 	Impact on Time and Cost: 
 	Disposition of Change Resolution:
  
 	Accepted: 	Denied: 
 	Project Manager Name & Signature
  	  Date:______________
  
 
 	Project Sponsor Name & Signature
  	Date:______________  
 
  

    Change requests are made to modify documents, deliverables, and baselines. They are issued to expand, adjust, or reduce project scope, product scope, or quality requirements and schedule or cost baselines. They can include corrective actions, preventive actions, defect repairs, and updates[3]. Project teams may need to assess the product and project scope, which may require the teams to discuss the issues with stakeholders to determine if there is a need to revise requirements or add new ones.

    To keep track of change requests and actions taken, a “Project Change Request Tracking Log” (Table 11.4.2) can be held along with an “Issue Log.”

    Although the monitoring and controlling process is performed throughout the project, most of the effort would be expended, especially during the execution (implementation) phase. Resources outside the core project team are assigned, and costs are usually the highest during this phase. Besides, scheduling issues would arise in this phase as project activities are carried out and human and physical resources are assigned. Project managers experience the greatest conflicts over the schedule in this phase. Some activities may take longer than estimated. Some risks may occur and create schedule slippages. Project managers first apply techniques without needing a change request if triple constraints aren’t affected. Nevertheless, project managers should implement a holistic approach that considers all constraints and knowledge areas.

    
      
        Table 11.4.2: Project Change Request Tracking Log Template
      
    

    	Project Change Request Tracking Log 
 	Project Name: 	 
 	Project Manager 	 
 	 
 	Submission Data 	Impact Analysis 	PM Review and Approval 
 	Request# 	Submitted By: 	Date 	Date Assigned to Analyst 	Assigned to 	Date Analysis Completed 	Date Reviewed 	Committee Decision 	Date Approved 	Date Request Integrated into Project Plan 
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11.5 MS Project Tutorial


  
  This MS Project tutorial will elaborate on how to conduct an EVM analysis. Table 11.5.1 provides a project with 15 activities.

  
    Table 11.5.1: Project Activities
  

  	Activity 	Duration (weeks) 	Predecessors 
 	A 	2 	— 
 	B 	3 	— 
 	C 	1 	A, B 
 	D 	3 	C 
 	E 	2 	C 
 	F 	2 	D, E 
 	G 	3 	E 
 	H 	4 	F, G 
 	I 	2 	H 
 	J 	6 	I 
 	K 	4 	J 
 	L 	3 	J 
 	M 	2 	J 
 	N 	2 	K, L, M 
 	O 	1 	N 
  

   

  
    [image: The Microsoft Project screenshot showing all the project activities, the schedule, and the Gantt Chart]
    Figure 11.5.1: WBS, Schedule, and the Gantt Chart

  

  In this project, the resources assigned to each activity are given in Table 11.5.2. All the resources are “Work” type resources, meaning they are either people or equipment.

  
    Table 11.5.2: Resources and Costs
  

  	Resource Name 	Standard Rate 	Activities  
 	a 	$20.00/hr 	A 
 	b 	$40.00/hr 	B 
 	c 	$30.00/hr 	C 
 	d 	$15.00/hr 	D 
 	e 	$35.00/hr 	E 
 	f 	$50.00/hr 	F 
 	g 	$30.00/hr 	G 
 	h 	$25.00/hr 	H 
 	i 	$40.00/hr 	I 
 	j 	$40.00/hr 	J 
 	k 	$25.00/hr 	K 
 	l 	$25.00/hr 	L 
 	m 	$20.00/hr 	M 
 	n 	$35.00/hr 	N 
 	o 	$50.00/hr 	O 
 	Additional Cost 1 	$35.00/hr 	C 
 	Additional Cost 2 	$25.00/hr 	F 
  

  

  Under the View tab, we click the “Resource Sheet.” Then, we can type the resource names and costs, as seen in Table 11.5.2. The Resource Sheet on MS Project is given in Figure 11.5.2.

  
    [image: Resource sheet including two additional costs]
    Figure 11.5.2: Resource Sheet

  

  Let’s select all the resources except additional costs from the drop-down menu for each resource on the Gantt Chart view. Besides, we add a new column “Cost” to the left of “Resource Names”. As shown in Figure 11.5.3, the project’s total estimated cost is $52,400. This figure would also be our BAC (Budget at Completion).

   

  
    [image: Microsoft Project screenshot showing the activity list with the resources assigned to each activity]
    Figure 11.5.3: Gantt Chart View with the Resources Selected

  

  Under the “Task” tab, we can select “Tracking Gantt” from the drop-down menu (Figure 11.5.4).

   

  
    [image: Selecting the Tracking Gantt view from the dropdown menu when clicked on the Gantt Chart icon on Microsoft Project]
    Figure 11.5.4: Selecting Tracking Gantt View

  

  We must create a baseline by clicking “Set Baseline” under the “Project” tab to create schedule and cost baselines. We can click OK, as shown in Figure 11.5.5.

   

  
    [image: Microsoft Project screenshot showing the "Set Baseline" window]
    Figure 11.5.5: Set Baseline Window

  

  The Tracking Gantt Chart is shown in Figure 11.5.6. As we haven’t indicated any progress, all the progress percentages are zero percent. Each bar is now composed of two horizontal parts. The lower part, which is darker, displays the baseline.

  
    [image: Bars showing the project activities on the Gantt Chart. The baseline is the bottom half of each bar highlighted with dark gray.]
    Figure 11.5.6: Tracking Gantt Chart

  

  The project started on June 6, 2022. The estimated completion date is December 30, 2022. Let’s assume that some time has passed in the project. Let’s make the current date September 18, 2022. Under the “Project” tab, click “Project Information”. Changing the current date won’t suffice (Figure 11.5.7). It will help us to see the date on the Gantt Chart. Rather, we need to change the status date to create a scenario as of September 18, 2022.

  
    [image: Microsoft Project screenshot showing the Project Information Window (start date, current date, status date)]
    Figure 11.5.7: Project Information Window

  

  Now, we can change the completion percentages for each activity and add “Additional Resources” to create the impression that we made some progress on activities and spent more money on some of the activities. Table 11.5.2 indicates additional costs are added to activities C and F (Figure 11.5.8). The project cost changed to $55,800 with the additional costs from its cost baseline of $52,400.

   

  
    [image: Microsoft Project screenshot showing the situation after additional costs were added to the resources.]
    Figure 11.5.8: Additional Costs added to activities C and F

  

  As shown in Table 11.5.3, we will also change the completion percentages for each activity.

  
    Table 11.5.3: Completion Percentages for the Activities
  

  	Activity 	Completion Percentage 
 	A 	100 
 	B 	100 
 	C 	100 
 	D 	100 
 	E 	100 
 	F 	100 
 	G 	100 
 	H 	50 
 	I 	0 
 	J 	0 
 	K 	0 
 	L 	0 
 	M 	0 
 	N 	0 
 	O 	0 
  

  We can use the shortcuts for completion percentages (0%, 25%, 50%, 75%, 100%). Or double-clicking a task opens the “Task Information” window. We can type any percentage from the “Percent complete” on this window (Figure 11.5.9).

  
    [image: Shortcuts for project completion percentages under the Task tab on Microsoft Project. The percentages are zero, 25, 50, 75, and 100.]
    Figure 11.5.9: Shortcuts for Completion Percentages
  

  After we mark the completion percentages for each task, we can see the percentages to the left of each bar on the Gantt Chart (Figure 11.5.10). Besides, the upper horizontal section of each bar will get darker for 100% completion, and the “Indicators” column will place ticks for these activities. Activity H has a 50% completion. Therefore, the upper horizontal section for half of the activity turned darker red. Remember that weekends are considered holidays on Microsoft Project (default setting). Therefore, the coverage area may not necessarily display a 50% area on a bar.

  
    [image: Microsoft Project screenshot showing the completion percentages on the Gantt Chart next to each bar representing activities]
    Figure 11.5.10: The Percentages marked to the right of each bar on the Gantt Chart

  

  So, our scenario dictates that we finished 100% of activities A, B, C, D, E, F, and G, and 50% of activity H. Besides, we spent more money on activities C and F.

  Now, we can open the EVM table. In the View tab, we click Tables and select More Tables. In the new menu window, we choose Earned Value. In the new sheet, we should insert SPI as a new column to the right of the existing “SV” column and CPI as a new column to the right of the existing “CV” column. Figure 11.5.11 displays the Earned Value table view as of September 18, 2022. An SPI value of 0.92 indicates that our project is behind schedule. A CPI value of 0.88 indicates that our project has an overrun budget issue. Microsoft Project provides EAC, BAC, and VAC values (Figure 11.5.11). Our cost baseline was $52,400. If we assume that the CPI value of 0.88 doesn’t change during the rest of the project, we can estimate to pay $59,761 (EAC – Estimate at Completion) by the end of the project, which is $7,361 (VAC – Variation at Completion) more than our cost baseline.

  
    [image: Earned value table view on Microsoft Project. The columns are Planned Value, Earned Value, AC, SV, SPI, CV, CPI, EAC, BAC, and VAC.]
    Figure 11.5.11: Earned Value Table View

  

  Our schedule baseline was 30 weeks (Figure 11.5.1). SPI is 0.92 as of September 18, 2022. If we cannot improve this SPI and it remains the same during the rest of the project, there may be a delay of 2.6 weeks [1 – (30 weeks / 0.92)].

  




  
  





11.6 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	The monitoring and controlling process consists of tracking, reviewing, and reporting the overall progress to meet the performance objectives defined in the project management plan.

        	Project managers monitor the project work by collecting project performance data, producing performance measures, and reporting and disseminating performance information. Then, they compare actual performance with planned performance, analyze variances and assess trends to affect process improvements, and finally evaluate possible alternatives and recommend appropriate corrective action as needed.

        	Qualitative monitoring involves measuring quality rather than quantity, focusing on the scope, quality, stakeholders, communications, risks, resources, procurement, and team management.

        	Earned Value Management (EVM) is a quantitative monitoring technique that uses metrics and indexes to assess project performance. Earned value analysis compares the performance measurement baseline to the actual schedule and cost performance.

        	The main EVM parameters are planned value (PV), earned value (EV), and actual cost (AC).

        	CPI is a measure of the cost efficiency of budget resources. When CPI is less than 1.0, it indicates a cost overrun.

        	SPI is a measure of schedule efficiency. When SPI is less than 1.0, the project is behind schedule.

        	After PV, EV, and AC values are generated, and variance analysis (e.g., CPI and SPI) is performed, we can conduct trend analysis to predict how our project may perform during the rest of the project and when the project is completed.

        	To manage the control process effectively, projects must have a change management plan and a configuration management plan which are sub-plans of the overall project management plan.

        	Any change to the project needs to be documented so we can figure out what needs to be done, by when, and by whom. Any stakeholder can request a change.

      

    

  

   

  




  
  





11.7 Multiple-Choice Questions


  
  There are 10 questions for this chapter.  You will get immediate feedback as you submit each answer and be taken to the next question.

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=354

  

  

  




  
  





11.8 Exercises


  
  
    
      
        Exercise 1: Monitoring Progress through EVM
      

    

    
      ABC Corporation plans to develop a mobile application to enhance customer engagement and streamline its services.

    

    

    
      
        WBS Activities:
      

      
        	WBS Code 	Activity 	Planned Duration (Days) 	Predecessors 	Planned Cost ($) 
 	1 	Project Initiation 	 	 	 
 	1.1 	Requirements Gathering 	5 	 	5000 
 	1.2 	Feasibility Analysis 	3 	1.1 	3000 
 	2 	Design Phase 	 	 	 
 	2.1 	UI/UX Design 	7 	1.2 	7000 
 	2.2 	Architectural Design 	5 	1.2 	5000 
 	3 	Development Phase 	 	 	 
 	3.1 	Front-end Development 	10 	2.1 	10000 
 	3.2 	Back-end Development 	12 	2.2 	12000 
 	3.3 	Database Integration 	5 	3.2 	5000 
 	4 	Testing Phase 	 	 	 
 	4.1 	Functional Testing 	7 	3.1, 3.2, 3.3 	7000 
 	4.2 	User Acceptance Testing (UAT) 	5 	4.1 	5000 
 	5 	Deployment and Closure 	 	 	 
 	5.1 	Deployment 	3 	4.2 	3000 
 	5.2 	Project Closure 	2 	5.1 	2000 
  

        
          Scenario with Additional Payments and Delays:
        

      

      As the project progresses, unforeseen challenges arise:

      
        	
          Activity 2.1 (UI/UX Design):
          
            	Delayed by 3 days due to additional client revisions.

            	The cost increased by $2,000 for extra design work.

          

        

        	
          Activity 3.2 (Back-end Development):
          
            	Delayed by 5 days due to technical complexities.

            	The cost increased by $3,000 for specialized resources.

          

        

      

      
        Questions:
      

      1. What are the schedule and cost baselines?

      
        	To calculate the schedule baseline, draw an activity network diagram, implement forward and backward passes, and assign values to each node (ES, EF, LS, LF, Duration, Slack).

      

      2. What will the SPI and CPI be when activity 2.1 is completed with a delay and overpayment?

      
        	Calculate the new project duration due to the delay. You should calculate it using your activity network diagram.

        	Calculate PV, EV, and AC.

        	Calculate SPI and CPI, and interpret them.

        	Calculate EAC and VAC, and interpret VAC.

        	Calculate the new estimated project duration based on the SPI if it remains the same throughout the project.

      

      3. What will the SPI and CPI be when activity 3.2 is completed with a delay and overpayment? Include the delay and overpayment in 2.1.

      
        	Calculate the new project duration due to the delay. You should calculate it using your activity network diagram.

        	Calculate PV, EV, and AC.

        	Calculate SPI and CPI, and interpret them.

        	Calculate EAC and VAC, and interpret VAC.

        	Calculate the new estimated project duration based on the SPI if it remains the same throughout the project.

      

    

  

   

  
    
      
        Exercise 2: EVM on Microsoft Project
      

    

    
      Activities with their durations, predecessors, and resources are provided for a fictional project in Table 1 below.

      Table 1: Activities

      
        	Activity 	Duration 	Predecessors 	Resources 
 	A 	3 days 	– 	HR1,HR2 
 	B 	4 days 	– 	HR3,HR4 
 	C 	6 days 	A, B 	E1,HR1,M1 (50 units) 
 	D 	10 days 	C 	E2,HR2,M2 (35 units) 
 	E 	2 days 	D 	HR3,HR4,M3 (75 units) 
 	F 	6 days 	D, E 	HR1,HR3,M1 (10 units) 
 	G 	5 days 	E 	HR2,HR4,M2 (25 units) 
 	H 	5 days 	F, G 	E1,HR4 
 	I 	7 days 	H 	E2,HR2 
 	J 	2 days 	I 	HR1,HR4,M3 (50 units) 
 	K 	5 days 	I 	E1,HR2,HR3,M1 (15 units) 
 	L 	1 day 	J, K 	HR1,HR2,HR3,HR4 
  

      

      HR: Human Resource

      M: Material

      E: Equipment

      Information regarding the resources allocated in this project is provided in Table 2.

      Table 2: Resources

      
        	Resource Name 	Type 	Max. Units 	Std. Rate 	Ovt. Rate 
 	HR1 	Work 	100% 	$47.00/hr 	$0.00/hr 
 	HR2 	Work 	100% 	$32.00/hr 	$0.00/hr 
 	HR3 	Work 	100% 	$28.00/hr 	$0.00/hr 
 	HR4 	Work 	100% 	$44.00/hr 	$0.00/hr 
 	M1 	Material 	– 	$12.50 	– 
 	M2 	Material 	– 	$17.50 	– 
 	M3 	Material 	– 	$25.00 	– 
 	E1 	Work 	100% 	$75.00/hr 	$0.00/hr 
 	E2 	Work 	100% 	$125.00/hr 	$0.00/hr 
 	HR5 	Work 	100% 	$55.00/hr 	$0.00/hr 
  

      

      People and equipment work on a full-time basis. Therefore, their maximum units are indicated as 100%. None of them works overtime.

      
        Tasks and Questions
      

      Follow the steps below.

      
        	Save a blank MS Project file.

        	Create a project summary task, and type “Project.”

        	Check the options for critical tasks and slack.

        	Add a “WBS” column to the left of the “Task Name” column. All the activities are on the same level. Therefore, you will not indent or outdent any of the activities.

        	Add a “Cost” column to the right of the “Resource Names” column.

        	Type activity (task) names and their durations, as shown in Table 1.

        	Check predecessors for all the activities as shown in Table 1. All the dependencies are Finish-to-Start.

        	Move the project’s start date to “Mon, 5/6/2024”.

        	On the “Resource Sheet”, fill out all the relevant fields as shown in Table 2.

        	Check resources as shown in Table 1. Don’t forget to change the unit number of materials.

        	Set the baseline and select the “Tracking Gantt” view.

        	Let’s assume that some time has passed, and we are on Thursday, June 13, 2024. Change the current date and status date.

        	We had to spend more money on some of the activities. 	HR5 was assigned to Activity B. HR5 worked part-time in this activity.
	We needed to purchase 25 additional units of M2 in Activity D.
	We needed to purchase 45 additional units of M3 in Activity E.



        	We have made progress in some of the activities. We completed A, B, C, D, and E. We could finish 50% of F and 75% of G.

        	In the View tab, click Tables and select More Tables. In the new menu window, choose Earned Value.

        	In the new table, insert SPI as a new column to the right of the existing “SV” column.

        	In the new table, insert CPI as a new column to the right of the existing “CV” column.

        	Interpret SPI, CPI, and VAC values. 	Explain why SPI is smaller or bigger than 1.
	Explain why CPI is smaller or bigger than 1.
	Explain what VAC indicates.



        	If the SPI remains the same during the rest of the project, how much delay may be expected? 	Show the calculation.



        	If the CPI remains the same during the rest of the project, how much money may we spend more over our cost baseline? 	Explain how it is related to VAC.



      

    

  

  




  
  





Chapter 12. Agile (Adaptive) Project Management




12.0 Learning Objectives and Overview


  
  
    
      Learning Objectives

    

    
      
        	Recognize and describe the evolution and founding principles of the Agile project management approach.

        	List and describe the factors to consider when adopting an Agile approach.

        	Identify the elements of an Agile environment.

        	Recognize and differentiate the most common Agile methods and scaling frameworks.

        	Analyze and explain the structure of the Scrum framework.

        	Describe and evaluate the recent trends in Agile project management.

      

    

  

  Overview

  In the previous chapters, we discussed all the project management concepts and methods by mostly referring to the waterfall (predictive, traditional) project management approach implicitly or explicitly. Although all these concepts and methods apply to agile (adaptive) projects, agile projects are developed on evolving requirements accompanied by planning, which is less comprehensive than the waterfall approach. Rather, the planning in the agile approach is spread throughout the projects over separate iterations, sprints, or timeboxes. Each short iteration allows the project team to refine the requirements based on uncertainties, risks, technological changes, and stakeholder expectations and concerns. This chapter will first discuss the historical background of agile project frameworks and methods and their key principles. Then, it will describe the factors to consider when adopting an agile approach, identify the elements of an agile environment, and elaborate on the most common agile methods and scaling frameworks, focusing on the Scrum framework since it is the most used agile method in organizations. Finally, this chapter will address the recent trends in agile project management according to the State of Agile Reports by Digital.ai [1].

  
    
       

    

  

  

  
    
      	Digital.ai. (2024). 17th State of Agile Report. https://digital.ai/resource-center/analyst-reports/state-of-agile-report/↵


    

  

  




  
  





12.1 Introduction to Agile


  
  In the 1980s and 1990s, software development teams started to have serious problems with developing and finishing their software projects, which were getting more complex with more computer power and digitalization of businesses and organizations[1]. Project managers and developers faced more problems using the traditional waterfall approach (Figure 12.1.3). The development of software necessitated more collaboration among the project manager, developers, testers, and users, as well as constant feedback from the users. Besides, new requirements were emerging while the software was being developed, and the client and end users were not always happy with the final product when they had the chance to see it after some time passed. Therefore, new methods emerged among software developers leading this type of project. The “Lean” methodology, created by Toyota for its production system and utilized by many manufacturers, inspired many software developers. In addition to the lean manufacturing process, the just-in-time process and total quality management movement were other influencers of agile project management[2]. Furthermore, Kanban, a process improvement method in manufacturing, was adapted to the software development life cycle.

  As indicated above, new methods emerged in the 1980s, mostly in the 1990s, as a response to some of the challenges developers faced when using a waterfall approach. One of the first to become popular was Rapid Application Development (RAD). James Martin, an IT consultant, developed an approach through which he divided the process into four distinct phases, namely, (1) requirements planning phase, (2) user design phase, (3) construction phase, and (4) cutover phase[3]. It involved creating prototypes and using them to elicit requirements, validate designs, and evolve toward usable solutions (Figure 12.1.1). RAD itself led to the development of alternative approaches as well.

  
    
      [image: A diagram representing a four-phase process in a project lifecycle. The phases are depicted as boxes connected by arrows, moving sequentially:Requirements Planning (leftmost box): Includes "Agreed upon business needs, project scope, and system requirements." Connected to the next phase by an arrow labeled "Authorization." User Design (next box to the right): Features "Continuous interaction with users," "Build prototypes," and "JAD (Joint Application Development) meetings." Connected to the next phase by a bidirectional arrow. Construction (next box): Highlights "Develop and code" and "Testing." Connected to the next phase by an arrow. Cutover (rightmost box): Lists "Data conversion," "Final overall tests," "User training," and "System changeover." Includes a green box attached to it that says "Deploy the working product." The arrows show the progression and interaction between the phases.]
    
    Figure 12.1.1: Rapid Application Development (RAD)

  

  
    
      [4]
    
  

  There has been a diversification of agile methods, called lightweight methods, compared to the heavyweight waterfall models. The most popular methods were Crystal methods (1992), Dynamic Systems Development Model (DSDM) (1995), Scrum (1995), Feature Driven Development (FDD) (1997), Extreme Programming (XP) (1999), and Adaptive Software Development (ASD) (2000). Through the 1990s, several alternative ways to organize and structure the development of software products emerged, as mentioned above, and they eventually were nested under “Agile” in 2001 with the “Agile Manifesto.”

  
    12.1.1 
    Agile Manifesto
  

  
    17 people, the pioneers of agile methods, met in 2001 at Snowbird Ski Resort in Utah to talk, ski, relax, and try to find common ground between their thoughts on software development[5]. They represented the leading thinkers from XP, Scrum, DSDM, ASD, Crystal, FDD, Pragmatic Programming, and others who wanted a viable alternative to traditional heavyweight and documentation-driven development processes. They published the “Agile Manifesto” that embodied the values they all believed in and a set of guiding principles (Figure 12.1.2)[6]. Thus, the Agile Alliance was born[7].
  

  
    
      [image: The image presents the Manifesto for Agile Software Development, with a background of people in a collaborative discussion. The text at the top introduces the manifesto, stating:"We are uncovering better ways of developing software by doing it and helping others do it. Through this work we have come to value:" Four core values are listed in bold, emphasizing the priorities of Agile principles: Individuals and interactions over processes and tools. Working software over comprehensive documentation. Customer collaboration over contract negotiation. Responding to change over following a plan. Below these values, a note clarifies: "That is, while there is value in the items on the right, we value the items on the left more." At the bottom, the names of the 17 authors who created the Agile Manifesto are listed: Kent Beck Mike Beedle Arie van Bennekum Alistair Cockburn Ward Cunningham Martin Fowler James Grenning Jim Highsmith Andrew Hunt Ron Jeffries Jon Kern Brian Marick Robert C. Martin Steve Mellor Ken Schwaber Jeff Sutherland Dave Thomas This image reflects the collaborative and foundational nature of Agile principles.]
    
    Figure 12.1.2: Agile Manifesto

  

  Twelve Agile Principles behind the Agile Manifesto are listed below[8]:

  
    	Our highest priority is to satisfy the customer through early and continuous delivery of valuable software.

    	Welcome changing requirements, even late in development. Agile processes harness change for the customer’s competitive advantage.

    	Deliver working software frequently, from a couple of weeks to a couple of months, with a preference for the shorter timescale.

    	Business people and developers must work together daily throughout the project.

    	Build projects around motivated individuals. Give them the environment and support they need, and trust them to get the job done.

    	The most efficient and effective method of conveying information to and within a development team is face-to-face conversation.

    	Working software is the primary measure of progress.

    	Agile processes promote sustainable development. The sponsors, developers and users should be able to maintain a constant pace indefinitely.

    	Continuous attention to technical excellence and good design enhances agility.

    	Simplicity – the art of maximizing the amount of work not done – is essential.

    	The best architectures, requirements and designs, emerge from self-organizing teams.

    	At regular intervals, the team reflects on how to become more effective, then tunes and adjusts its behavior accordingly.

  

  
    12.1.2 
    Differences between Waterfall and Agile Methods
  

  As shown in Figure 12.1.3, the process is linear and sequential in the waterfall (predictive, traditional) project management approach. Project teams should finish one stage to proceed with the following stage. As seen in Figure 12.1.4, the agile (adaptive) project management approach compresses the sequential phases in small timeboxes. Therefore, agile teams work on a limited number of requirements (i.e., user stories) at a time, and they can receive frequent stakeholder feedback at the end of each timebox when they create a partial working product.

  
    [image: The image depicts the traditional Waterfall Project Management model, represented as a linear sequence of steps cascading downwards, like a staircase. Each step in the process is contained in a rectangular box, linked by arrows pointing to the next step, showing the sequential flow of tasks. The steps are as follows:Eliciting requirements – Gathering and understanding the project requirements from stakeholders. Planning all the activities – Creating a detailed plan for project execution, including timelines, resources, and milestones. Designing the system – Developing the architecture and design of the system based on requirements. Building the system – Writing the code and constructing the system according to the design specifications. Testing the system – Verifying and validating the system to ensure it meets the specified requirements and functions as intended. Deploying the system – Delivering the completed system to users and integrating it into the operational environment. The figure emphasizes the rigid, non-iterative nature of the Waterfall model, where each phase must be completed before proceeding to the next.]
    Figure 12.1.3: Waterfall Project Management

  

   

  
    [image: The image illustrates the Agile Project Management model, highlighting its iterative and incremental approach to project development. The diagram is divided into three sequential cycles: First Cycle, Second Cycle, and Last Cycle, showing how work progresses in iterations.Each cycle follows the same steps, depicted in a flowchart format with rectangular boxes connected by arrows to indicate progression. The steps include: Requirements – Gathering and refining the requirements for the specific iteration. Plan – Planning the tasks and deliverables for the iteration based on the requirements. Design – Creating designs or prototypes for the features to be developed. Build – Developing and coding the increment. Test – Testing the increment to ensure quality and functionality. Deploy the Increment – Delivering the tested increment to stakeholders or the production environment. Between cycles, a red arrow indicates the transition from one iteration to the next, emphasizing continuous feedback and adaptation. This process repeats until the Last Cycle, which concludes the development with the final increment deployed. The figure highlights Agile’s focus on delivering small, functional increments at regular intervals, enabling flexibility and responsiveness to change.]
    Figure 12.1.4: Agile Project Management

  

  The frequent interaction with the client and stakeholders offers an environment where the frustration level of stakeholders is minimized. Nevertheless, agile methods may not be appropriate for all projects. The waterfall project approach may work better when:

  
    	Requirements are very well understood and can be fixed before the implementation begins.

    	Expectations of clients or customers from the product are stable, and substantial changes can be avoided.

    	The stakeholders understand the technology and the tools utilized very well, and changes that may affect the project’s progress are not expected.

    	The duration of the project is relatively short.

    	The uncertainty is at a low level.

    	Resources are available and easy to acquire.

  

  Therefore, we can implement a waterfall project when we expect low uncertainty and easily define the project scope, product scope, and project constraints with unambiguous procedures. The production domain and processes involved are usually well understood, and there are typically low levels of execution uncertainty and risk[9]. However, if we cannot define the product scope and the uncertainty level is high, an agile approach would be better to move gradually by clarifying the requirements and uncertainties with the active involvement of clients and stakeholders.

  In agile projects, client and stakeholder involvement can be provided constantly since product owners are a part of the team, and the increments are reviewed by the product owner and the client frequently. In waterfall projects, the interaction with the client is deferred to the end of a phase, for instance, when the software coding and testing are complete. However, in real-life projects, teams often implement a hybrid approach, which blends the waterfall approach and some agile principles, such as client involvement and feedback.

  
    
      
        Grocery LLC Decides on the Project Approach for the “Self-Checkout Stations Project”
      

    

    
      As discussed in section 1.2, the grocery chain Grocery LLC is considering establishing self-checkout station areas in all fifty branches to find a solution to long lines in front of the current checkout stations where the cashiers work. The project selection committee discussed the solution and decided to implement this project. The business analysis team surveyed managers and employees and interviewed customers as part of requirements elicitation. Besides, the team visited the competitors’ markets and did market research to understand possible solutions in the market better. The team concluded that self-checkout has been increasingly deployed in many grocery store and pharmacy chains (e.g., Walmart, Target, CVS) across the United States, and the manufacturers and service providers are experienced. Therefore, the sponsor, project manager, and relevant departments met to discuss the project management approach. They decided to implement a waterfall approach supported by continuous stakeholder interaction, as with agile methods.

      
        	Managers, employees, and customers conveyed their requirements. The analysis revealed that requirements are consistent with the current implementations and the research consultancy company’s report. Therefore, it was concluded that requirements are very well understood and can be fixed to a large extent before the implementation begins. However, to keep up with technological advancements and to be prepared for risks such as new waves of pandemic, it was decided to establish a continuous interaction and feedback system with the stakeholders.

        	Experienced companies provide competitive prices to acquire systems. They have implemented numerous projects across the United States and have comprehensive knowledge of current and upcoming technologies.

        	The duration of the project is eight months.

      

    

  

   

  
    
      
        Grocery LLC Decides on the Project Approach for the “M-Commerce Project”.
      

    

    
      As discussed in section 1.2, the grocery chain Grocery LLC considers having a better online presence by creating a mobile app and optimizing the website for mobile devices in particular due to the negative effects of pandemic on the number of in-store customers, hence significantly decreased revenue and profit. In the initiation stage, the project manager prepared a report justifying the need for conducting an agile methodology, i.e., Scrum, during this project to accelerate the pace and achieve the outcome in a relatively shorter time, receive constant and timely feedback from the employees and customers, keep a healthy interaction with the stakeholders, and adjust the specifications to the fast and unprecedented changing technologies and socioeconomic conditions. Since it was not easy for the project manager and the team to oversee the near future in a turbulent environment (e.g., COVID cases and hospitalizations rocketing to the peak in a very short time), the sponsor and the project steering committee supported the project manager’s decision to implement an agile method. The Scrum cycles (sprints) were set as two weeks so that a working app and mobile website could be developed gradually with some of the requirements and functions at each sprint’s end, allowing frequent end-user feedback and interaction.

    

  

  

  
    
      	Rothman, J. (2017). Create Your Successful Agile Project: Collaborate, Measure, Estimate, Deliver. Pragmatic Bookshelf. ↵
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12.2 Adopting and Creating an Agile Environment


  
  
    
      
        A Six-Month Cultural Transformation: The Penta Story
        
          [1]
        
      

    

    
      Penta Technologies, a family-owned construction software company in Wisconsin, developed and provided customized accounting and finance ERP (Enterprise Resource Planning) systems, labor productivity suites, and payroll tools for construction back-office services. However, the convenience of customization led to a more complicated workload for the project teams and employees, while it relieved the clients. Rather than focusing on the effectiveness of projects and their outcomes, the company dealt mostly with contract negotiation and customer emergencies. The main issue was implementing a traditional project management approach that made the frequency of delivery slow and inconsistent. However, the solution was not that easy, just switching to an agile structure. The president and COO (Chief Operations Officer) realized that organizational and cultural barriers must be overcome first. As a starting point, they reduced the number of executives to three, simplifying the decision-making and allowing the team to identify the most urgent issue, optimizing the product development teams. However, this was only the initial step in transitioning to a more agile structure. The COO announced that they would partner with everyone in the organization to determine the best business structure. As a result, employees’ feedback was aggregated in five areas that need attention: (1) Remove functional silos, (2) more ownership in work, (3) remove unnecessary and complex processes, (4) stop micromanagement and improve trust, and (5) more focus on value. Based on this valuable employee feedback, a team researched different organizational structures. The team suggested a transition to the Scrum framework and a team-based and servant-leadership organizational structure that will facilitate the implementation of Scrum. This was just the beginning for Penta. This case demonstrated that organizations must carefully assess their existing structure and culture to cultivate the right environment for agile adoption. You cannot build a new house on a crumbling foundation—first, the foundation must be solid and capable of supporting growth.

    

  

  
    12.2.1 
    Creating a Novel Mindset: Agile
  

  As seen in the case study of Penta Technologies above, organizations don’t start creating, adopting, and implementing an agile project approach in one day, as is the case for all the actions organizations should take. A long and well-thought-out process is inevitable to generate ideas effectively, which can benefit the organization in the long term. As for the agile environment, the challenging process requires adopting an agile mindset throughout the organization, including the executive team, managers, supervisors, and all other employees. Initially, organizations and their project teams and leaders should answer many questions, some of which are provided below, to develop an implementation strategy[2]:

  
    	How can organizations, their employees, project teams, and, in particular, their members act in an agile manner? 	Are there organizational impediments we must address (e.g., issues in formal structures such as governance and policies and informal structures such as organizational culture)?
	What levels of acceptance and resistance may we expect from the executives, managers, employees, project managers, and team members?
	How can we measure these levels (e.g., surveys, interviews, focus group meetings) to create an action plan?
	What activities (e.g., seminars, webinars, training, social events) must we organize?



    	What can our teams deliver quickly and obtain early feedback to benefit the next delivery cycle? 	Are our products appropriate for quick incremental deliverables?



    	How can the teams act transparently?

    	What works can be avoided to focus on high-priority items?

    	How can a servant-leadership approach benefit the achievement of the team’s goals and project objectives?

  

  
    12.2.2 
    Benefits and Challenges of Agile Project Management
  

  When organizations start utilizing the agile project management approach and principles, they can expect to see the benefits below:

  
    	They can find opportunities to deliver business benefits early by addressing straightforward problems.

    	They can shorten the time to introduce new products and services to the markets and customers.

    	They can increase and maintain the adaptability to the changing needs of customers.

    	They can improve the quality of their products and services through short cycles and constant client and stakeholder interaction and feedback.

    	Ultimately, they can maximize the return on investment.

  

  Based on a literature review[3], a study listed the top ten benefits of implementing agile project management in a non-software development context as below:

  
    	Better collaboration in the team

    	Increased customer interaction

    	Increased productivity and speed

    	Increased flexibility in coping with the change

    	Better understanding of goals/tasks/requirements

    	Increased transparency and visibility

    	Increased quality

    	Customer-centered value-adding priority process

    	Increased knowledge sharing

    	Increased cross-organizational collaboration

  

  However, the same study also examined the problems and challenges while adopting and implementing the agile approach and outlined eleven challenges below:

  
    	Changing the mindset to allow flexibility

    	Lack of process visibility

    	Buy-in from managers

    	Difficult to see benefits early in the project

    	Inadequate knowledge sharing

    	Individual work, lack of communication

    	Long-term planning

    	Lack of stakeholder engagement

    	Scope creep (uncontrolled expansion of the scope with product requirements and project activities)

    	Insufficient resource allocation

    	Redundant work

  

  These results demonstrate that no system, approach, or methodology is perfect alone. Project managers and team members always need to weigh the pros and cons of each approach, incorporating a cost-benefit analysis. While organizations benefit from increased knowledge sharing across some areas, there may still be gaps where knowledge is not effectively shared, leading to critical issues. Thus, decision-makers and project managers should consider the factors hindering effective knowledge sharing in an agile environment. This is also valid for other elements such as flexibility, communication, early delivery, resources, and the triple constraints (i.e., scope, schedule, and budget).

  
    12.2.3 
    Some Agile Frameworks and Methods
  

  Although there are many agile approaches, only several are utilized commonly by organizations. The Agile Practice Guide by PMI (Project Management Institute)[4] lists the single-team agile methods as below:

  
    	Scrum

    	Extreme Programming (XP)

    	Kanban

    	Crystal methods

    	Scrumban

    	Feature-Driven Development (FDD)

    	Dynamic Systems Development Method (DSDM)

    	Agile Unified Process (AgileUP)

  

  Besides single-team agile approaches, higher-than-single-team level (e.g., enterprise-level) scaling frameworks are provided below:

  
    	Scrum of Scrums

    	Scaled Agile Framework (SAFe®)

    	Large Scale Scrum (LeSS)

    	Enterprise Scrum

    	Disciplined Agile (DA)

  

  
    12.2.3.1 
    Scrum
  

  Scrum is the most utilized single-team agile framework. Section 12.3 in this Chapter comprehensively explains the Scrum framework.

  
    12.2.3.2 
    Kanban
  

  The Japanese word “kanban” means “visual board” or a “sign.” It was first developed and applied by Toyota as a scheduling system for just-in-time manufacturing[5]. The workflow is visualized on a Kanban (Figure 12.2.1). Scrum teams also use the Kanban board to track the progress of activities in a Sprint.

  
    
      [image: The image depicts a Kanban board, a visual representation used in project management to track work progress across different stages. It consists of five columns:To Do (6 items): The first column lists tasks that need to be started. Analysis (4 items): Divided into two subcolumns: Doing: Tasks currently being analyzed. Done: Tasks that have completed the analysis stage. Development (5 items): Also divided into two subcolumns: Doing: Tasks currently in development. Done: Tasks that have completed the development stage. Test (3 items): Contains tasks currently being tested. Deploy (4 items): The final column for tasks ready to be deployed. Each column and subcolumn contains sticky notes representing individual tasks, illustrating their status as they move through the workflow.]
    
    Figure 12.2.1: Kanban Board

  

  
    
      [6]
    
  

  The work is split into pieces, and each item is written on a card. Then, they are put on the wall or can be visualized in a software program or a website such as Atlassian’s Jira[7]. Explicit limits are assigned in Kanban projects so that each workflow state can have a limited number of in-progress items (Work in Progress – WIP). The team tries to finish these tasks in the shortest possible time. This lead time is measured so the team can optimize the process to make the lead time as small and predictable as possible.

  
    12.2.3.3 
    Scrumban
  

  Scrumban is an agile approach originally designed to transition from Scrum to Kanban[8]. Scrumban teams use Scrum as a framework and Kanban for process improvement. It uses the prescriptive nature of Scrum to be agile and uses the process improvement of Kanban to allow the team to improve its process continually. In Scrumban, the work is organized into small “sprints” and leverages Kanban boards to visualize and monitor the work. There are no predefined roles in Scrumban, as in Kanban. However, the Scrumban teams generally retain the Scrum roles.

  
    12.2.3.4 
    eXtreme Programming (XP)
  

  As the name implies, software teams utilize XP. It is an agile software development framework that aims to produce higher-quality software and a higher quality of life for the development team. XP is the most specific of the agile frameworks regarding appropriate engineering practices for software development[9]. This method does not only focus on project management like other methods and frameworks do, but also focuses on how teams actually build code. Like Scrum, it has practices and values that help teams develop an effective mindset. One of the primary practices of XP is pair programming, through which the coding process is conducted by two developers working together on a single computer[10]. While one member works on coding, the second member checks the quality of the coding made by the first member. Another unique XP practice is coding the unit test first. Before writing the code, a unit test is created so that new codes are automatically tested[11].

  
    12.2.3.5 SAFe® (Scaled Agile Framework)
  

  The SAFe is the most common scaling framework according to the 15th State of Agile Report published in 2021[12]. Thirty-seven percent of respondents indicated that their organization applies SAFe, while 9% uses Scrum of Scrums and 6% uses Enterprise Scrum. The SAFe focuses on providing a knowledge base of patterns for scaling development work across all levels of the enterprise (Figure 12.2.2). It also focuses on detailing practices, roles, and activities at the portfolio, program, and team levels[13]. SAFe organizes the enterprise around value streams that focus on providing continuous value to the customer.

  
    [image: The image is a detailed diagram illustrating the Scaled Agile Framework (SAFe) for achieving business agility. It highlights various components such as organizational agility, lean portfolio management, agile product delivery, and continuous learning culture. The diagram includes elements like operational value streams, development value streams, and the continuous delivery pipeline. It emphasizes roles (e.g., business owners, solution managers), processes (e.g., portfolio backlog, program backlog), and lean-agile leadership, with a focus on delivering solutions efficiently and aligning with business objectives.]
    Figure 12.2.2: SAFe 5 for Lean Enterprises

  

  
    
      [14]
    
  

  
    12.2.4 
    The Elements of an Agile Environment
  

  Although the roles and the practices of each agile method and framework vary from one to another, there are common roles and practices across them. It is important to note that Kanban does not have formal roles like there are in Scrum. Instead, Kanban focuses more on the workflow and visualization of tasks without predefined roles.

  
    12.2.4.1 
    Common Agile Roles
  

  There are three main roles in agile teams.

  
    1. Cross-functional and self-organizing teams
  

  Considering the self-organizing structure of agile teams and the role of the project manager as a team facilitator and servant leader, we can first focus on the team members who form agile teams. Cross-functional teams consist of members with various skills from different areas to produce a working product. A software development team might include UX/UI (User Experience/User Interface) designers, systems analysts, developers, testers, and business unit representatives. Members of a marketing campaign team might include content creators, graphic designers, SEO specialists, social media managers, data analysts, and product managers. Team members discuss the tasks and pick the ones they think best fit their skills and strengths. This is why these teams are called self-organizing teams.

  Contrary to waterfall (predictive) teams, the project manager’s role shifts from a command-and-control position to a facilitator and coach in agile teams. Instead of assigning tasks, the project manager—often referred to as a Team Facilitator, Scrum Master in Scrum, or Agile Coach in Kanban—focuses on removing obstacles that hinder the team’s progress and fostering a collaborative environment. This shift also transforms the project manager into a “servant leader,” empowering team members to take ownership of their work and responsibilities.

  Agile teams emphasize rapid iterations and flexibility. In agile teams, work is often structured in short cycles known as iterations or sprints, during which the team develops a working product increment. They deliver increments that are continuously refined based on feedback from stakeholders and end users. These increments represent incomplete but testable versions of the product. For example, in a mobile app development project, rather than developing the entire app with all its features over several months, the team might create a basic version with core functionalities in a shorter time frame, such as a two-week sprint. By the end of the first iteration, the team could deliver an increment where the app includes a simple login system and a home screen with basic navigation.

  Agile teams require ongoing communication and collaboration, both within the team and with stakeholders. The project manager is crucial in maintaining the information flow, ensuring progress transparency, and helping the team align with the project’s objectives. Team size typically ranges from 5 to 9 members in frameworks like Scrum and XP, which ensures that the team remains small enough to be nimble yet large enough to be cross-functional. However, Kanban and Scrumban do not prescribe a fixed team size, allowing for flexibility based on workflow and project needs. Agile frameworks encourage regular check-ins, such as daily standups or team syncs, where members discuss progress, share challenges, and adjust plans as necessary.

  
    2. Team facilitator
  

  
    
      
        
          A team facilitator can also be named project manager, Scrum Master, project team lead, or team coach based on the method or framework utilized or the organization’s guidelines. Team facilitators in agile environments do not dictate who should do what but instead adopt the role of a servant leader and obstacle remover. This shift in mindset is critical to fostering an empowered, self-organizing team. As a servant leader, team facilitators focus on supporting the team by addressing their needs, removing impediments, and promoting a collaborative, trusting environment where the team can thrive. They coordinate team efforts to ensure alignment with the project goals without micromanaging individual tasks. They empower their teams and facilitate their success by fostering self-awareness, listening, helping people grow, coaching, encouraging safety, respect, and trust, and amplifying the energy and intelligence of others[15]. Team facilitators practice their leading through service to the team, focusing on understanding and addressing the needs and development of team members.

          
            
              
                Servant Leaders
              

            

            
              
                	Empower Teams: Encourage self-management and autonomy within the team, allowing members to take ownership of their work and make decisions collectively.

                	Facilitate Collaboration: Promote a collaborative environment where team members freely share knowledge, support one another, and work together towards common goals.

                	Remove Obstacles: Identify and remove any barriers or impediments that may hinder the team’s progress, ensuring that they can focus on delivering value.

                	Promote Continuous Improvement: Foster a continuous learning and improvement culture, where the team regularly reflects on its processes and outcomes to enhance efficiency and quality.

                	Serve the Team: Prioritize the team’s needs over personal or organizational interests, ensuring team members have the resources, support, and guidance needed to succeed.

                	Encourage Innovation: Create a safe environment where team members feel empowered to experiment, take calculated risks, and propose innovative solutions without fear of failure.

                	Advocate for the Team: Represent the team’s interests to stakeholders, shielding them from external pressures and ensuring that the team focuses on delivering the highest value to the customer.

                	Lead by Example: Demonstrate Agile principles and values in their behavior, inspiring the team through their actions and setting a standard for accountability, transparency, and integrity.

                	Build Trust: Establish and maintain trust within the team by being transparent, keeping commitments, and fostering open and honest communication.

                	Support Personal Growth: Encourage and support team members’ personal and professional development, helping them achieve their full potential.

              

            

          

          
            3. Product owner[16]
          

        

      

    

  

  A product owner is responsible for guiding the direction of the product. Product owners represent the client and the stakeholders. They keep constant daily communication with the agile team. They provide the product backlog, including the user stories (requirements), and prioritize the user stories. Product owners are the bridge between the clients (and their end users, customers, and stakeholders) and the agile team. The feedback conveyed by the product owner is used to develop the increments at each cycle. Product owners communicate with subject matter experts to produce good-quality user stories and offer effective feedback.

  The product owner represents the client and the end users and provides feedback about what they think of the increment at the end of each cycle. Let’s assume that in a website development project, the product owner provides feedback about the three web pages created at the end of the first cycle. They may say, “We want the navigation bar at the top with that size and those colors,” or “The pictures should not cover more than one-third of the row while not zoomed in.” Thus, producing these increments helps the team receive feedback constantly. The team can work on each increment based on the feedback, and it can improve the product. This allows the team to make timely and effective interventions that otherwise would cause serious problems at the end of the project. So, when the team receives feedback as regards the navigation bar’s position and color, they apply the request to the current and future web page layouts. However, another feedback from the product owner at the end of the third cycle may require the team to change the position and color. This is an ongoing process with constant interaction with the client, end users, and stakeholders.

  On the contrary, in a waterfall project management approach, the team finishes the development of the whole website and submits it to the client for inspection by the client and its end users. Let’s say three months passed in that waterfall project, and the team got the feedback for the whole website. This late feedback requires serious rework since the client did not like many features and the look and feel of the website. However, it is worth mentioning that many projects using the waterfall (predictive) approach incorporate some agile components to benefit from the advantages of agile methods, making these projects “hybrid.”

  
    12.2.4.2 
    Common Agile Practices
  

  Agile teams utilize various artifacts and events to perform tasks and achieve project objectives.

  
    	Team charter

    	User stories and backlog

    	Iteration or cycle planning (Not a comprehensive upfront planning)

    	Daily standups

    	Demonstration or reviews

    	Retrospectives

    	Backlog refinement

  

  
    1. Team Charter
  

  
    
      
        
          A team charter in agile environments primarily focuses on the team’s dynamics and interactions, not the work process. It outlines the team’s values, working agreements, ground rules, and norms of behavior. This charter acts as a social contract defining how team members work together and communicate. A team charter aims to foster a collaborative, supportive, and effective working environment where team members can perform to the best of their ability. It ensures that everyone is aligned in terms of communication, decision-making, and conflict resolution, hence promoting trust and accountability within the team.

        

      

    

  

  
    2. User Stories and Backlog
  

  User stories capture the functional needs of stakeholders, presented in a simple format that conveys what the user wants to achieve and why. The collection of these stories forms the product backlog, which serves as the team’s evolving plan for the project. Regardless of the framework (e.g., Scrum, Kanban, XP), agile teams prioritize the backlog based on business value and other factors such as complexity or effort required. In Kanban, there is no fixed timebox like in Scrum, and instead, teams pull items into the work process as capacity allows, focusing on limiting WIP (work in progress).

  
    3. Iteration or Cycle Planning
  

  Agile frameworks such as Scrum and XP divide the work into timeboxed iterations or sprints. Teams plan their work at the beginning of each iteration, allowing flexibility to adjust to changing requirements or stakeholder feedback. On the other hand, Kanban teams do not adhere to fixed cycles but continuously plan and prioritize tasks as they are completed. The goal across all frameworks is to release a working product incrementally.

  
    4. Daily Standups
  

  Daily standup meetings (daily syncs) are a key practice in most agile methodologies. These short meetings, held daily, help the team inspect progress and adapt their approach as needed. While standups are integral to Scrum and XP, they are also widely used in Kanban to track work in progress and identify blockers. Standups typically involve discussing what was completed yesterday, what is planned for today, and any impediments the team faces.

  
    5. Demonstration or Reviews
  

  Teams present their work for feedback at the end of an iteration or after completing a set of tasks. In Scrum, this is called a Sprint Review, while in Kanban or Scrumban, teams may schedule a demo after completing significant work items. The objective is to gather feedback early and often so that adjustments can be made before moving forward with further development.

  
    6. Retrospectives
  

  Retrospectives are a practice where the team reflects on their processes, collaboration, and outcomes, discussing what went well and what could be improved. In Scrum, this happens at the end of each sprint, while in Kanban and Scrumban, retrospectives can be scheduled regularly or triggered by specific events. The goal is continuous improvement, a core principle in agile methodologies.

  
    7. Backlog Refinement
  

  Backlog refinement (previously known as backlog grooming) involves reviewing and updating the product backlog to ensure it is properly prioritized and detailed for future work. While Scrum has formal refinement meetings, Kanban teams continuously refine their backlog as part of their flow. In both approaches, refinement helps the team identify potential challenges in upcoming work and improve estimates or understanding of tasks.
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12.3 Scrum


  
  
    
      
        
          “Scrum” was inspired by the term “scrum” in rugby sports, where teams work together to move the ball forward. In this context, Scrum is where the team comes together to move the product forward. This framework is the most utilized agile method worldwide, reaching at least 60% of the agile teams[1].

          Scrum is an agile framework designed to help teams work collaboratively and efficiently to deliver complex products incrementally – to get work done in small pieces at a time, with continuous experimentation and feedback loops[2]. Scrum emphasizes iterative progress, flexibility, and continuous improvement, allowing teams to respond quickly to changes in requirements or market conditions.

          It was developed in the early 1990s by co-creators Ken Schwaber and Jeff Sutherland and introduced in 1995 through The Scrum Guide[3]. Scrum organizes work into time-boxed iterations known as “sprints,” typically lasting two to four weeks (two months in rare cases). During these sprints, specific goals are set and achieved. When a two-week sprint duration is determined, all the sprints are set at two weeks.

          A potentially releasable product increment is produced at the end of each sprint. The Scrum framework defines key roles, which are Scrum Master, Product Owner, and Development Team; Scrum events, which are sprints, sprint planning, daily Scrum, sprint review, and spring retrospectives; and Scrum artifacts, which are product backlog, sprint backlog, and increments. These elements work together to create a structured yet adaptable approach to product development, fostering a culture of transparency, accountability, and collective responsibility.

        

      

    

    12.3.1 Scrum Roles

    The fundamental unit of Scrum is a small team of people, a Scrum Team. This team comprises a Scrum master, developers, and a product owner. There are no hierarchies among the members or sub-teams within the team. The Scrum rules clearly state that a person, not a committee, fills the Product Owner and Scrum Master roles. The team size generally does not exceed ten members. The small team size ensures that the team can remain nimble and large enough to complete significant work within a sprint by communicating better and being more productive. If more people are needed to create a product or service as an outcome of the project, more than one team is established with sub-goals to achieve a common product goal. These cohesive Scrum teams work together by focusing on the same product and sharing the same product goal, product backlog, and product owner

    
      12.3.1.1 Scrum Master
    

    The Scrum Master is responsible for ensuring the Scrum process is upheld, working to ensure the Scrum team adheres to the practices and rules, and coaching the team on removing impediments[4]. The Scrum Master helps the team focus on creating high-value increments that meet the “Definition of Done” and ensures that all Scrum events take place and are positive, productive, and kept within the timebox[5]

    
      
        
          Definition of Done (DoD)
        

      

      
        
          
            
              
                
                  	A shared understanding within a Scrum Team of what it means for a product increment to be considered complete.

                

              

            

          

        

      

    

    
      The differences between a Scrum Master and a traditional project manager are:
    

    
      1. Focus and Responsibilities:
    

    
      	Scrum Master: The Scrum Master is primarily a facilitator for the agile team, ensuring that Scrum practices are followed and helping the team work efficiently within the framework. They focus on removing obstacles that hinder the team’s progress, coaching the team on self-management, and protecting it from external interruptions. The Scrum Master also facilitates Scrum ceremonies such as Sprint Planning, Daily Standups, Sprint Reviews, and Retrospectives.

      	Project Manager: In contrast, a traditional Project Manager is responsible for planning, executing, and closing projects. They have a broader focus that includes defining the project scope, developing the project plan, managing the project budget, scheduling, and overseeing all aspects of the project. The Project Manager often makes key decisions and has authority over the team, guiding the project to meet its objectives within time and budget constraints.

    

    2. Approach to Team Leadership:

    
      	Scrum Master: The Scrum Master takes a servant-leader approach, meaning they lead by serving the team, fostering a collaborative environment, and empowering team members to take ownership of their work. The Scrum Master does not manage the team directly but guides the team to be self-organizing and autonomous.

      	Project Manager: The traditional Project Manager typically has a more directive and controlling leadership style. They are often seen as the authority figure within the project, making decisions on behalf of the team, assigning tasks, and ensuring that team members follow the project plan and schedule.

    

    3. Scope and Flexibility:

    
      	Scrum Master: In Scrum, the focus is on delivering increments of the product in short, iterative cycles, with the flexibility to adapt to changes and new requirements. The Scrum Master supports this flexibility, encouraging the team to embrace change and continuously improve processes.

      	Project Manager: Traditional Project Managers work within a more rigid framework, often guided by detailed project plans, timelines, and predefined scope. They typically manage change through formal change control processes, which can be less flexible and slower to respond compared to the iterative approach in Scrum.

    

    4. Interaction with Stakeholders:

    
      	Scrum Master: The Scrum Master’s role involves ensuring that the Product Owner and team members communicate effectively with stakeholders, but they are not usually the main point of contact. The Product Owner often takes the lead in managing stakeholder expectations and ensuring the team delivers value to the business.

      	Project Manager: The traditional Project Manager is often the primary point of contact for stakeholders, responsible for communication, reporting progress, managing expectations, and ensuring that the project meets stakeholder requirements.

    

    
      12.3.1.2 Developers
    

    In Scrum, developers are the team’s cornerstone and are responsible for delivering a usable increment at the end of each sprint. The specific skills developers require can vary widely depending on the work domain, but their accountability remains consistent across all Scrum Teams.

    
      Developers are entrusted with creating a plan for the sprint, known as the Sprint Backlog. This plan is collaboratively developed, with the entire Scrum Team participating in the planning process. Unlike traditional project management, where a single person dictates the plan, Scrum emphasizes self-organization, allowing developers to collectively decide what will be delivered and how it will be achieved. They hold each other accountable, ensuring that quality is maintained by adhering to the Definition of Done.

      The planning process is dynamic and ongoing. While the initial plan is set during Sprint Planning, it is continuously adapted as the team checks in with each other during the Daily Scrum. Each developer communicates their next steps to the team, and if any issues arise, the team works together immediately to address them. This iterative approach ensures that the team remains aligned with the Sprint Goal, making necessary adjustments to deliver the best possible outcome.

      This emphasis on collaboration, accountability, and flexibility enables Developers to consistently meet the demands of each Sprint, delivering high-quality increments that contribute to the project’s overall success.

    

    
      12.3.1.3 Product Owner
    

    
      The Product Owner plays a critical role in a Scrum Team by ensuring that the team builds the most valuable product possible, closely aligned with users’ needs. They work daily with the team to help them understand the features in the Product Backlog, why they are important, and how they meet users’ needs. The Product Owner is accountable for maximizing the product’s value resulting from the team’s efforts, a responsibility that can vary significantly across different organizations and teams.

      Effective Product Backlog management is a key aspect of the Product Owner’s role. This includes developing and clearly communicating the Product Goal, creating and ordering Product Backlog items, and ensuring that the backlog is transparent and understood by everyone involved. While the Product Owner may delegate some of these tasks, they remain ultimately accountable for the outcome.

      For the Product Owner to be successful, their decisions must be respected across the organization. These decisions are reflected in the ordering and content of the Product Backlog and are made visible through the inspectable Increment during the Sprint Review. Importantly, the Product Owner is a single person, not a committee. While they represent the needs of multiple stakeholders, any changes to the Product Backlog must be made through them.

    

    
      12.3.2 Scrum Events & Artifacts
    

    

    
      
        [image: The image illustrates the Scrum framework workflow. It starts with the product backlog, which feeds into Sprint Planning to define the sprint backlog. The Scrum Team, consisting of developers (Dev), the Scrum Master (SM), and the Product Owner (PO), conducts Daily Scrum meetings during the sprint. At the end of the sprint, the team delivers an increment (represented by a box) and conducts a Sprint Review to showcase the work. The process concludes with a Sprint Retrospective to reflect on improvements, feeding back into the next sprint cycle. The workflow emphasizes iterative progress and continuous improvement.]
      
      Figure 12.3.1 Scrum Framework

    

    
      
        [6]
      
    

    As seen in Figure 12.3.1, the Scrum framework is an iterative process with interconnected components. Product Goal guides the process that begins with a Product Backlog, where prioritized user stories are stored. After the backlog items are refined, the Scrum Team selects user stories to include in the Sprint Backlog. Then, the Sprint Backlog guides the Sprint Cycle, where the team of developers works on the tasks of the user stories and has daily meetings to discuss progress and address obstacles with the Scrum Master and Product Owner. The output of the Sprint Cycle is a potentially shippable product increment, which is an incomplete but working product. The Product Owner and stakeholders can provide feedback on this increment in the Sprint Review, where the increment is demonstrated to stakeholders. It is followed by the Sprint Retrospective, where the team reflects on the process to identify improvements. As a part of a continuous loop that highlights the iterative nature of Scrum, the Product Backlog is refined and updated, which leads to another Sprint.

    
      
        
          Scrum events:
        
      

    

    
      	Sprint

      	Sprint Planning

      	Daily Scrum

      	Sprint Review

      	Sprint Retrospective

    

    
      Scrum artifacts:
    

    
      
        	Product Backlog

        	Sprint Backlog

        	Increments

      

    

    In this section, we will start with the “Product Roadmap” and continue with the Scrum events and artifacts.

    
      12.3.2.1 Product Roadmap
    

    Although a Product Roadmap is not considered a Scrum artifact, including the roadmap in the Scrum project can provide valuable strategic context and long-term vision for the Scrum team. It ensures their work on the Product Backlog aligns with broader business goals and market demands. This alignment helps the team prioritize work more effectively and maintain focus on delivering features that contribute to the overall product strategy.

    
      
        
          Product Roadmap
        

      

      
        
          	
            A plan of action for how a product or solution will evolve over time.

          

          	
            Outlines future product functionality and when new features will be released.

          

          	
            The context for the team’s everyday work and future vision.

          

          	
            Should be responsive to shifts in the competitive landscape.

          

        

      

    

    The Product Roadmap is a high-level strategic plan that outlines the product’s vision, direction, and major goals over time. It provides a timeline for when new features or major updates are expected to be released, helping to align product development with business goals and market demands. The roadmap typically focuses on the “what” and “why” aspects of product development, offering a broad view of the product’s evolution and future direction. Table 12.3.1 provides an example of a goal-oriented product roadmap[7].

    Table 12.3.1: A Goal-Oriented Product Roadmap

    	 	Q1 (Bronze 01-01-2020) 	Q2 (Silver 01-04-2020) 	Q3 (Gold 01-07-2020) 	Q4 (Platinum 01-10-2020) 
  	Goal 	Launch MVP with at least 1000 early adopter users 	Improve early adopter user satisfaction to an 8+ on average 	Convert 50% of early adopters to a paying membership with at least a basic subscription 	Increase user base with at least 1000 more paying subscribers (at least basic membership) 
 	Features 	Homepage with Top 10 most read articles
 Share with your friends via social media 	Save articles for later reading
 Launch in-app customer feedback functionality 	Personalized search function
 Migrate the current user base to the new app version
 Launch first third-party APIs 	Launch marketing campaign in the USA
 Integrate video subscriptions in the new app
 Integrate QuickNews 
 	Metrics 	# App Downloads
 # Registered Users
 # Social Media Mentions 	In-app customer satisfaction score
 Customer satisfaction survey 	In-app customer satisfaction score
 % Paying users of all users
 # Registered Users 	In-app customer satisfaction score
 % Paying users of all users
 # Registered Users 
  

    
      12.3.2.2 Product Backlog
    

    
      Let’s continue with the Product Backlog before diving into the Sprint and Sprint Planning to underscore its critical role in the Scrum framework. The Product Backlog serves as the foundation for all work in Scrum, representing a prioritized list of everything that might be needed in the product. It is an evolving, ordered list that is essential for guiding the team’s efforts and ensuring that they are always working on the product’s most valuable features.

    

    
      Creating User Stories
    

    User stories are more detailed elements derived from the broader epics within the Product Backlog. An epic is a large body of work that can be broken down into a number of smaller stories[8].

    The Product Backlog is comprised of user stories. The Product Owner plays a pivotal role in creating user stories, ensuring that they accurately reflect stakeholder requirements and are prioritized according to the value they bring to the user. This role is critical because it involves constant communication with stakeholders to gather requirements and feedback, which is then used to inform and refine the Product Backlog.

    User stories describe specific pieces of functionality from the user’s perspective and follow a simple template:

    
      
        “As a [user], I want to [functionality] so that [benefit].”
      

      This format ensures that each story is aligned with user needs and the overall product vision.

      
        	As a <customer>, I want to <see the catalog of items that can be sold> so that <I can order one of them>.

        	As an <administrator>, I want to <be able to disable accounts> so that <I can prevent unauthorized access or misuse of the system to ensure the security and integrity of the platform>.

        	As a <trainee>, I must <answer all the questions> so that <I can demonstrate my understanding and readiness to progress to the next stage of my training or certification>.

      

    

    
      
        
          
            User Stories of the “Bookstore Website and Mobile App” Project
          
        

      

      
        Our agile team targets developing a website and a mobile application through which customers can purchase books. We can consider several epics such as User Management, Book Catalogue, Shopping Cart, and Payment and Checkout. Each epic can be broken down into more detailed user stories:

        
          	
            Epic 1: User Management
            
              	User Story 1: “As a new visitor, I want to register an account so that I can securely save my payment and shipping information for future orders and track my purchase history.”

              	User Story 2: “As a registered user, I want to log in using my email and password to access my account so that I can manage my personal details, view past orders, and continue shopping seamlessly.”

              	User Story 3: “As a registered user, I want to reset my password if I forget it so that I can regain access to my account without assistance and maintain my security and privacy.”

            

          

          	
            Epic 2: Book Catalogue
            
              	User Story 1: “As a user, I want to search for books by title or author so that I can quickly find what I’m looking for.”

              	User Story 2: “As a user, I want to view book details, including the synopsis, author, price, and ratings, so that I can make an informed decision before purchasing a book.”

              	User Story 3: “As a user, I want to see recommended books on the homepage based on my previous purchases so that I can discover new books that match my interests without having to search for them.”

            

          

          	
            Epic 3: Shopping Cart
            
              	User Story 1: “As a shopper, I want to add books to my shopping cart so that I can conveniently collect all the books I want to buy in one place before proceeding to checkout.”

              	User Story 2: “As a shopper, I want to view the items in my cart, including quantity and total price, so that I can review my selections and ensure everything is correct before completing my purchase.”

              	User Story 3: “As a shopper, I want to remove items from my cart if I change my mind so that I can adjust my order and only purchase the items I truly want.”

            

          

          	
            Epic 4: Payment and Checkout
            
              	User Story 1: “As a buyer, I want to choose between different payment methods (e.g., credit card, PayPal) to pay for my order so that I can use the most convenient and preferred payment option available.”

              	User Story 2: “As a buyer, I want to receive an email confirmation after I’ve successfully placed an order so that I have proof of my purchase and can track the status of my order.”

              	User Story 3: “As a buyer, I want to choose gift wrapping for paper books during checkout so that I can present my purchase as a gift without needing to wrap it myself.”

            

          

        

      

    

    
      
        12.3.2.3 Product Goal
      

    

    
      The Product Goal is a key element within the Product Backlog that guides the Scrum Team toward the product’s future state. It serves as a long-term objective, providing a clear target for planning and development. The Product Goal is embedded in the Product Backlog. It shapes the direction of all other backlog items, which collectively define “what” needs to be done to achieve that goal.

      
        
          
            
              Product Backlog of the “Bookstore Website and Mobile App” Project
            
          

        

        
          To create a seamless and secure online book shopping experience by building a user-friendly platform where customers can easily register, search for books, manage their shopping carts, and complete purchases with multiple payment options while also ensuring personalized recommendations and account management features to enhance user satisfaction and loyalty.

        

      

      This goal provides a clear direction for the Scrum Team. It focuses on key aspects like user registration, book browsing, shopping cart functionality, payment processing, and personalization. The team will deliver a product that meets user needs and business objectives by achieving this goal, driving value for all stakeholders.

    

    
      
        12.3.2.4 Sprint
      
    

    Now, we can start working on the user stories in our backlog to achieve the product goal. The whole Scrum project is divided into timeboxes of Sprints. A Sprint is the core element of Scrum. It is a short project with a set time limit, typically lasting no longer than one month but ranging from one week to two months. Scrum teams most commonly prefer a two-week sprint duration. Each Sprint starts immediately after the previous one ends, keeping work consistent and predictable. During this time, the team focuses on completing specific tasks and progressing toward the Product Goal.

    
      
        
          Sprint Goal
        

      

      
        
          	The Sprint Goal is the primary objective the team aims to achieve during the Sprint. It helps keep everyone focused and working together toward the same outcome.

          	The Sprint Goal is set during Sprint Planning and stays the same throughout the Sprint.

          	For our first Sprint in the “Bookstore Website and Mobile App” project, the Sprint Goal could be: 	“Enable users to register and log in to the system, ensuring account security and user data storage.”



          	By keeping the Sprint Goal in mind throughout the Sprint, the team ensures that they’re always working toward the most important outcome.

          	By the end of Sprint, we will have a working system where users can create accounts and securely log in.

        

      

    

    Sprints help the team constantly check and adapt their progress toward the Product Goal, ensuring they always deliver value. If a Sprint gets too long, the risk of uncertainty or wasted effort increases. For this reason, shorter Sprints allow the team to learn more quickly and limit risks.

    
      
        12.3.2.5 Backlog Refinement
      
    

    
      The Product Owner presents the Product Backlog to the Scrum team. Before the Sprint Planning starts, backlog refinement (previously called grooming) is carried out when the Product Owner and the development team collaborate to review and discuss the items in the Product Backlog. This is when the team estimates the story points required to complete user stories in the upcoming Sprint. This session aims to ensure that user stories are well understood and appropriately sized and to address any dependencies or uncertainties. Estimation at this stage helps prioritize the backlog and ensure that the stories are ready for the upcoming sprint planning.

      Product Backlog refinement is the act of breaking down and further defining Product Backlog items into smaller, more precise items. Details, such as a description, order, and size, are added in this process[9].

      The developers who will be doing the work are responsible for the sizing. The Product Owner may influence the developers by helping them understand and select trade-offs. This process is carried out before the Sprint Planning meeting during the sprint. It is not done immediately after the retrospective.

      
        
          
            Issues
          

        

        
          User stories can be broken down into smaller stories and tasks, and new items can be assigned in addition to user stories. Atlassian Jira is one of the software most utilized by agile teams. Jira lists user stories, tasks, and bugs as issues[10]. Issues may also relate to improvement, incidents, change requests, and problems.

          In the example of the “bookstore website and mobile app development project” above, we used epics representing broad objectives or large bodies of work that can be broken down into stories, tasks, and bugs. Issues consist of stories and tasks representing work that must be completed to support those larger goals. Bugs, another issue in Jira, are problems that impede the progress or functionality of work. Finally, sub-tasks are granular pieces of work required to complete a story, task, or bug.

        

      

      
        1. Reviewing and Refining User Stories
      

    

    
      The Product Owner presents the user stories, particularly the high-priority ones, and starts the session by providing an overview of the project’s current state and any changes in business priorities.

      
        
          
            Priority Ranking
          

        

        
          Let’s assume that users have had a significant demand for the website and app to provide book recommendations based on their reading history. The user story for this stakeholder requirement was:

          
            	“As a user, I want to see recommended books on the homepage based on my previous purchases so that I can discover new books that match my interests without having to search for them.”

          

          
            Therefore, this user story might be moved up along the priority rank.
          

        

      

      
        
          
            User Stories that Need Clarification
          

        

        
          
            
              	“As a new visitor, I want to register an account so that I can securely save my payment and shipping information for future orders and track my purchase history.”

            

            The team discusses the issues below to clarify this user story:

            
              	What information is required for registration?

              	Should the user be able to register with social media accounts?

              	Do we need email verification?

              	What fields are mandatory during registration? (e.g., Name, Email, Password, Address)

              	Do we need CAPTCHA to verify that the user isn’t a bot?

            

          

          
            Based on the discussions, the acceptance criteria for the story might be updated to provide clear answers.

          

        

      

      
        
          
            Breaking Down Big Stories into Smaller, More Manageable Stories
          

        

        
          
            
              	Current User Story: “As a user, I want to search for books by title or author so that I can quickly find what I’m looking for.”

            

            We can consider the following questions:

            
              	What are the search parameters? Title, Author, Genre, ISBN?

              	Do we want to implement a full-text search?

              	Should there be a feature for auto-suggestions?

            

            After a discussion session within the team, they decided to have the new user stories below instead of the current user story:

          

          
            
              	New User Story 1: “As a user, I want to search for books by title or author so that I can quickly find books that match these specific criteria.”

              	New User Story 2: “As a user, I want to refine my book search with additional parameters (e.g., genre, ISBN) and receive auto-suggestions so that I can quickly and accurately find books that meet my criteria.”

            

          

        

      

      
        The product backlog might have user stories that are no longer relevant due to changes in business goals or user feedback.
      

    

    
      
        
          
            
              Removing or Updating Outdated Items
            

          

          
            
              Initially, a story was about the “Gift wrapping” option during checkout.

            

            
              	User Story 3: “As a buyer, I want to choose gift wrapping for paper books during checkout so that I can present my purchase as a gift without needing to wrap it myself.”

            

            Based on market research, the team has determined that this feature is not a priority at the moment and has decided to either remove it from the Product Backlog or deprioritize it for a future sprint. This decision ensures that the team remains focused on higher-value features like payment options and order confirmation, which are more critical to the user experience at this stage.

          

        

        
          
            2. Acceptance Criteria Review
          
        

      

      
        Each user story has clear acceptance criteria, which specify the conditions the story must satisfy to be considered “done.”

        
          
            
              Acceptance Criteria of the “Registering an Account” User Story
            

          

          
            “As a new visitor, I want to register an account so that I can securely save my payment and shipping information for future orders and track my purchase history.”

            
              	Users should see a “Register” option on the homepage.

              	Clicking on it should open a registration form with fields: Name, Email, Password, Confirm Password, and Address.

              	The password fields should enforce strong password requirements (e.g., minimum length, inclusion of numbers/special characters).

              	All fields should be validated before submission, with clear error messages for incomplete or incorrect input.

              	After successful registration, the user should receive a confirmation email with a verification link.

              	Upon clicking the verification link, the account should be fully activated, and the user should be able to log in.

              	Following industry-standard encryption practices, the system should securely store payment and shipping information.

              	After registration and login, the user should be redirected to their account dashboard to view their purchase history and manage their saved payment and shipping information.

            

          

        

        
          3. Definition of Done (DoD)
        

        While the acceptance criteria define the specific functional requirements, the Definition of Done (DoD) ensures that every user story adheres to the team’s quality standards before being marked as complete. This includes not only meeting the acceptance criteria but also ensuring that the feature passes all necessary tests, meets regulatory and compliance standards, and is ready for delivery to stakeholders.

        Each user story must meet the DoD before it can be considered complete. This includes meeting all acceptance criteria, passing tests, and adhering to compliance or regulatory requirements. The DoD ensures consistency and quality at the user story level. It also applies to product increments because they comprise multiple completed user stories. Each increment must meet the DoD to ensure it is fully functional, usable, and adds value to the product.

        
          
            
              DoD for the “Registering an Account” User Story
            

          

          
            “As a new visitor, I want to register an account so that I can securely save my payment and shipping information for future orders and track my purchase history.”

            
              	Code Development: All registration code is complete, reviewed, and merged. The form includes fields for Name, Email, Password, Confirm Password, and Address.

              	Testing: Unit, integration, and end-to-end tests are written and passed, covering all aspects of the registration process, including email confirmation.

              	Security: Strong password policies are enforced, and all user data is encrypted. A security audit has been completed.

              	Documentation: The registration process is documented for both users and developers.

              	Confirmation Email: A confirmation email with a tested and accurate template is sent upon successful registration.

              	User Experience: Users are redirected to their dashboard post-registration, and the interface is intuitive and accessible.

              	Compliance: The process complies with relevant data protection regulations.

              	Stakeholder Review: The feature is demonstrated and accepted during the Sprint Review with no critical issues.

            

          

        

        By aligning the acceptance criteria with the DoD, we ensure that each product increment is complete and ready for release, contributing to the project’s overall success.

      

    

    
      4. Story Point Estimation
    

    
      The Product Owner in the Product Backlog indicates each story’s priority based on the feedback they received from the stakeholders. Therefore, the team works on estimating the points for each story most likely to be included in the upcoming sprint. However, the team doesn’t limit itself strictly to the stories for this sprint. The refinement process can involve looking ahead to ensure that stories for future sprints are also well-understood and properly sized. However, the primary focus is usually on top-priority stories that will most likely be tackled next.

      The key aspects included in the story points are:

      
        	Complexity: The team should consider the user story’s complexity, including the technical challenges and unknowns that might arise. Complex stories may require more time and resources to address potential risks and uncertainties.

        	Time: The team should estimate the calendar time needed to complete the user story, considering the availability of team members, potential dependencies, and any potential delays.

        	Labor and Skills: The team should evaluate the skill sets required to complete the story. If the story demands expertise that is scarce within the team or requires training, this could increase the estimate.

        	Dependencies: The team should identify any dependencies on other teams, systems, or external factors affecting the ability to complete the story. Dependencies can introduce delays and should be factored into the estimate.

        	Dependencies on Other Stories: The team should consider how the completion of a story might depend on or impact other stories in the backlog. This interdependence can affect the estimate.

        	Resources: The team should consider the availability of resources such as software, hardware, or tools needed to complete the story. Limited resources can slow down progress and should be considered in the estimate.

        	Risks: The team should assess any risks associated with the story, including technical risks, integration issues, or potential changes in requirements. Higher risks might lead to higher estimates to account for possible mitigation efforts.

        	Team Experience: The team should factor in the team’s experience level with similar tasks. A team familiar with the technology and domain may complete the story faster than a less experienced team.

      

      
        5. Story Point Estimation with “Planning Poker”
      

      Once the key aspects of complexity, time, labor, and other factors have been considered, the team moves on to estimating the effort required for each user story. A common approach for the estimation process is Planning Poker, where team members individually assess the effort for a user story using a predefined scale. After discussing their estimates, the team converges on a consensus, often agreeing on a story point value that represents the story’s relative effort compared to others. For instance, if the team agrees that a user story requires medium effort and complexity, they might assign it ‘5’ story points.

    

    
      a. Choosing an Estimation Scale:
    

    
      	The team selects a scale for estimation, commonly using the Fibonacci sequence (1, 2, 3, 5, 8, 13, 21, etc.) or a modified Fibonacci sequence (e.g., 1/2, 1, 2, 3, 5, 8, 13, 20, 40, 100). These scales account for increasing levels of uncertainty and complexity as the numbers grow larger. Figure 12.3.3 includes a card deck with a modified Fibonacci sequence.

      	Alternatively, a T-shirt size scale (S, M, L, XL, XXL) can be used to categorize the size and effort of user stories in a more qualitative manner.

      	Let’s consider that we selected the modified Fibonacci sequence.

    

    
      
        [image: The image depicts a set of Planning Poker cards used in Scrum for story point estimation. The cards include the following values:Numerical values: 0, 1/2, 1, 2, 3, 5, 8, 13, 20, 40, and 100, based on the Fibonacci sequence commonly used in agile estimation. Special cards: Infinity (∞), representing tasks that are too large or unclear, and a question mark (?), indicating uncertainty or the need for more clarification. These cards help teams estimate effort collaboratively during sprint planning by assigning relative values to user stories or tasks.]
      
      Figure 12.3.3: Planning Poker Cards for Estimating User Stories

    

    
      
        [11]
      
    

    
      	
        Cards:
        
          	0 (zero) indicates that a particular user story or task requires no effort or is negligible in terms of complexity. In other words, it suggests that the story is either already done, trivial to complete, or doesn’t require any additional development work.

          	Infinity (∞) indicates that the story is too large or complex to estimate in its current form. This might prompt the team to break the story into smaller, more manageable parts.

          	A question mark, “?”, is used when a team member feels uncertain about the estimate or believes more information is needed before an accurate estimate can be given. 	The Product Owner should supply the necessary information. If they cannot, the item should be shelved until enough information is available.



        

      

    

    
      b. Creating a Baseline:
    

    
      	Establishing a baseline helps in comparing other stories. The team can select two baselines: 	A simple baseline for low complexity	This baseline represents a straightforward task or user story with minimal complexity and effort required.
	The team should consider the simplest item in the business domain and technologies they are working in or a task often used in the team, project, and organization.

	A user story like “As a registered user, I want to log in using my email and password to access my account” could be the simple baseline. This task might be estimated at two story points, assuming the login process is relatively standard and doesn’t involve significant complications.

	When the team encounters another story, they can ask, “Is this more or less complex than our simple baseline?” and adjust their estimate accordingly.
	The team can also select 1/2 or 1 for the simple baseline.


	A complex baseline for high complexity	This baseline is for a more complex task that involves multiple steps, dependencies, or uncertainties.
	A user story like “As a user, I want to see recommended books on the homepage based on my previous purchases” could be used as the complex baseline. Given the need for personalized recommendations, data analysis, and integration with the user’s purchase history, this story might be estimated at 8 or 13 story points.
	For more challenging stories, the team can compare them to this complex baseline, asking, “Is this story more or less complex than our complex baseline?” This helps place the new story on the scale between the simple and complex baselines.





    

    
      
        
          Benefits of Using Two Baselines
        

      

      
        
          	Relative Estimation: A simple and complex baseline provides a broader spectrum for relative estimation. It allows the team to gauge where new stories fall regarding effort and complexity.

          	Improved Accuracy: Multiple baselines reduce the likelihood of overestimating or underestimating stories by providing concrete examples of different levels of complexity.

          	Consistency: Using baselines helps maintain consistency in estimation across different sprints, ensuring that the same types of stories receive similar estimates.

        

      

    

    
      c. Implement the Estimation Method “Planning Poker”:
    

    
      	A deck of cards is allocated to each developer.

      	The Product Owner reads an item from the Product Backlog with all the relevant details and contextual information.

      	Each team member privately selects a card representing their estimate for the user story.

      	They hide the cards and then reveal their estimate simultaneously, ensuring that no one is influenced by others’ opinions.

      	Those with the lowest and highest estimate values should justify their estimates.

      	
        All of the team members are then called to give another estimate.

      

      	
        This process is repeated until a consensus has been reached.

      

      	
        The Product Owner reads the next item from the Product Backlog, and the process starts again.

      

      	
        Instead of reaching a consensus through iteration, the team may average the estimates to reach a single estimate value at the end.

      

    

    
      
        
          Benefits of Revealing the Cards Simultaneously
        

      

      
        
          	It avoids bias and peer pressure and ensures that all estimates are processed independently before a group discussion.

          	It encourages honest and independent assessments, helping the team reach a consensus on the effort required for each user story.

        

      

    

    
      d. Considering Edge Cases:
    

    If a story appears too complex or the team struggles to estimate it within a reasonable range, symbols like “∞” and “?” can indicate uncertainty. This prompts further discussion or breaks the story into smaller, more manageable parts.

    Table 12.3.2 provides the Product Backlog for the “Bookstore Website and Mobile App” Project with 12 user stories. The Product Owner ranked the priority for each story based on the feedback from the stakeholders. The developers in the Scrum team estimated the story points. It is important to remember that not all the story points are estimated before the first Sprint starts.

    Table 12.3.2: Product Backlog for the “Bookstore Website and Mobile App” Project 	User Story 	Priority Rank 	Story Points 
 	As a new visitor, I want to register an account. 	1 	5 
 	As a registered user, I want to log in using my email and password to access my account. 	2 	3 
 	As a registered user, I want to reset my password if I forget it. 	3 	2 
 	As a user, I want to search for books by title or author. 	4 	5 
 	As a user, I want to view book details, including the synopsis, author, price, and ratings. 	5 	3 
 	As a user, I want to see recommended books on the homepage based on my previous purchases. 	6 	8 
 	As a shopper, I want to add books to my shopping cart. 	7 	5 
 	As a shopper, I want to view the items in my cart, including quantity and total price. 	8 	3 
 	As a shopper, I want to remove items from my cart if I change my mind. 	9 	2 
 	As a buyer, I want to choose between different payment methods (e.g., credit card, PayPal). 	10 	8 
 	As a buyer, I want to receive an email confirmation after placing an order. 	11 	3 
 	As a buyer, I want to choose gift wrapping for paper books during checkout. 	12 	5 
  

    
      12.3.2.6 Sprint Planning
    

    
      Sprint Planning starts after Backlog Refinement (as detailed in 12.3.2.5), where the Product Owner and the development team review and estimate the Product Backlog items. This refinement ensures that user stories are well-understood, prioritized, and ready to be worked on during the Sprint. Once refinement is done, the Sprint Planning meeting takes place.

      Sprint Planning Duration: 8 hours for a one-month Sprint. Shorter Sprints have a shorter duration.

      The Sprint Planning meeting is divided into two parts:

      
        1. WHAT-Meeting: Deciding What Will Be Done in the Sprint
      

      In this part of the meeting, the Scrum team defines the scope of the Sprint by selecting user stories from the Product Backlog. The team bases this selection on the priority the Product Owner sets, the estimated story points, and the team’s capacity (historical velocity or other metrics).

      The Product Owner explains how the product can deliver value during this Sprint. Together, the team defines the Sprint Goal, which must be finalized by the end of this discussion. This Sprint Goal provides a clear focus and communicates the purpose of the Sprint to stakeholders.

      
        
          
            Selecting User Stories for the First Sprint Backlog of the “Bookstore Website and Mobile App” Project
          

        

        
          
            Prioritization by the Product Owner:
          

          
            	The Product Owner is crucial in prioritizing the Product Backlog based on the business value, stakeholder needs, and overall product strategy. The most valuable and essential user stories are moved to the top of the backlog.

            	Foundational features like “User Registration” and “Login” from the User Management epic might be prioritized first because they enable other application features.

          

          
            Story Readiness:
          

          
            	The team ensures that the selected user stories are well-defined, have clear acceptance criteria, and are small enough to be completed within a single sprint. If any stories are too large or unclear, they might be split or refined further.

          

          
            Team Capacity and Velocity:
          

          
            	The team’s capacity for the sprint (how much work they can handle) is considered. This is usually based on historical velocity (the amount of work completed in previous sprints) and team members’ availability.

            	When it is the first sprint, the historical velocity is not available. Therefore, the factors to consider would be team member availability, team size, experience and expertise levels of team members, and reference projects. The team can monitor their progress against their estimates as the sprint progresses. This helps them to adjust their pace and recalibrate their expectations for future sprints.

          

          
            Dependencies:
          

          
            	The team considers any dependencies between stories. For example, completing “User Registration” before “Login” makes sense, as registration functionality is foundational to logging in.

          

          
            Team Collaboration:
          

          
            	The selection of user stories is a collaborative process between the Product Owner and the development team. The team might suggest adjustments to the priority based on technical insights or potential risks.

          

        

      

      
        2. HOW-Meeting: Planning How the Work Will Be Accomplished
      

      After the scope is set, the team plans how to deliver the selected user stories. This involves breaking down the stories into smaller, actionable tasks that can be completed during the Sprint. The Developers work together to determine how they will collaborate to achieve the Sprint Goal, refining the plan as needed.

      
        
          
            Tasks of User Story 1
          

        

        
          User Story 1: “As a new visitor, I want to register an account so that I can securely save my payment and shipping information for future orders and track my purchase history.”

          
            	Create a user-friendly registration form with fields for email, password, and other necessary information.

            	Implement server-side functionality to process user registration requests, validate inputs, and securely store user data in the database.

            	Enable sending verification emails to confirm the user’s email address as part of the registration process.

            	Add real-time validation for inputs and display clear error messages for invalid or duplicate registrations.

          

        

      

      The result of Sprint Planning is a Sprint Backlog—a living document that contains the Sprint Goal, the selected user stories, and the task breakdown. The Developers continue updating the Sprint Backlog throughout the Sprint, ensuring transparency and tracking progress.

      
        
          
            Scrum Master’s Facilitation Tips for Sprint Planning
          

        

        
          
            	State the Sprint Goal clearly.

            	Use visual tools like whiteboards or digital collaboration tools to map out tasks.

            	Involve the whole team to encourage participation and collaboration.

          

        

      

      
        Commitment to the Sprint Goal
      

      Once the team has agreed on the Sprint Goal and the Sprint Backlog is set, the Scrum Team commits to completing the chosen user stories within the Sprint. The team uses their Sprint capacity and understanding of the work to ensure the scope is achievable. The Sprint Backlog becomes the main source for monitoring progress throughout the Sprint, with updates made continuously as the work evolves.

    

    
      12.3.2.7 Daily Scrum
    

    
      The Daily Scrum is a short, 15-minute meeting held every working day of the Sprint. Due to the typical practice of team members standing during the meeting, it is often referred to as the Daily Standup Meeting. Standing encourages brevity and keeps the meeting focused on its purpose: to inspect the team’s progress toward the Sprint Goal and adapt the Sprint Backlog if necessary. It helps the team stay aligned, adjust their work, and plan for the next day.

      During this meeting, the Developers discuss what they did the previous day, what they plan to do today, and any blockers or challenges they face. While the meeting is timeboxed to 15 minutes, it is not the only time the Developers can adjust their plan. The team may continue detailed discussions throughout the day as needed.

    

    
      
        
          Three Questions for the Daily Scrum Answered by Each Developer
        

      

      
        
          	
            What activities have I performed since the last Daily Scrum Meeting?

          

          	
            What activities am I planning to perform until the next Daily Scrum Meeting? What is my action plan?

          

          	
            Did I encounter or am I expecting any impediment that may slow down or block the progress of my work?

          

        

      

    

    The Product Owner and Scrum Master may attend if they are actively working on items in the Sprint Backlog.

    
      
        
          A Daily Scrum for the “Bookstore Website and Mobile App” Project
        

      

      
        During a daily Scrum meeting for the bookstore project, the team reviewed their work on the User Management features.

        Developers discussed the following:

        
          	
            What they did yesterday: One developer shared that they completed the front-end design for the user registration form, while another mentioned working on validating password strength.
          

          	What they plan to do today: The developers planned to work on connecting the registration form to the database and setting up the password reset feature.

          	Any blockers: A developer mentioned running into an issue with testing the login functionality, where session handling needs further adjustment.

        

        The Scrum Master ensured the team stayed on track, and any deeper discussions about challenges or blockers could be followed up later.

      

    

    
      12.3.2.8 Sprint Review
    

    The Sprint Review takes place at the end of the Sprint, where the Scrum Team presents the outcome of their work to key stakeholders. It is a working session to inspect the completed Product Increment and gather stakeholder feedback to determine future steps. The Scrum Team discusses what was accomplished, and stakeholders offer input on how the product should evolve. Based on stakeholder feedback, this event focuses on adaptations to the Product Backlog and is key to ensuring the product meets stakeholder expectations.

    Sprint Review Duration: A maximum of 4 hours for a one-month Sprint. Shorter Sprints have a shorter duration.

    
      
        
          
            A Sprint Review for the “Bookstore Website and Mobile App” Project
          

        

        
          At the end of the Sprint, the team held a Sprint Review to showcase the working user registration, login, and password reset features to stakeholders.

          
            	What the team accomplished: The team demonstrated how new users can register, securely log in, and reset their passwords if they forget them.

            	Stakeholder feedback: Stakeholders suggested enhancing the user interface for the login screen, such as improving visual feedback for incorrect passwords or streamlining the password reset process.

          

          This feedback helped the team adapt the Product Backlog, potentially adding user interface improvements or new security measures to future Sprints.

        

      

      
        
          12.3.2.9 Sprint Retrospective
        
      

    

    The Sprint Retrospective concludes the Sprint and focuses on how the Scrum Team can improve its effectiveness and quality. The team reflects on how the last Sprint went regarding people, processes, tools, and their Definition of Done. They discuss what worked well, what issues were encountered, and how those issues were resolved—or not.

    Sprint Retrospective Duration: A maximum of 3 hours for a one-month Sprint. Shorter Sprints have a shorter duration.

    The Sprint Retrospective aims to identify improvements that can be applied in the next Sprint. Some of these improvements may even be added to the upcoming Sprint Backlog.

    
      
        
          A Sprint Retrospective for the “Bookstore Website and Mobile App” Project
        

      

      
        Following the Sprint Review, the team held a Sprint Retrospective to reflect on the process and discuss improvements.

        
          	What worked well: The team highlighted that collaboration on the front-end design for the registration form went smoothly and that testing for the password reset feature was completed beforehand.

          	What didn’t go well: Integrating the login functionality with the existing user database was challenging and led to delays.

          	Improvements for the next Sprint: The team decided to allocate more time for database integration in the future or implement better tools for testing user authentication features.

        

        The team then created action items to address these improvements and potentially add them to the next Sprint Backlog to ensure more efficient collaboration.

      

    

    
      12.3.3 Moving to the Next Sprint: The Path to the Final Product
    

    
      Once the Sprint Retrospective is completed, the Scrum Team moves on to the next Sprint, building on the work and learnings from the previous one. The team repeats the cycle of Backlog Refinement, Sprint Planning, Daily Scrums, Sprint Review, and Sprint Retrospective and continues to deliver valuable product increments at the end of each Sprint.

      With each Sprint, the team adds new functionality or improvements to the product, working toward the Product Goal. After every Sprint, the Product Increment grows, becoming more complete and usable. The feedback gathered during the Sprint Review ensures that the product evolves based on stakeholder needs, while the Sprint Retrospective drives continuous improvement in team efficiency and quality.

      The Scrum process continues until the team has delivered all the planned increments, ultimately resulting in the final product. This iterative approach allows for flexibility and adaptation and ensures that the team remains focused on delivering value to stakeholders at every stage of development.

    

    
      
        
          
            Moving to the Next Sprint in the ‘Bookstore Website and Mobile App’ Project
          

        

        
          After completing the first Sprint, which focused on enabling user registration, login, and password reset, the team reviewed feedback and reflected on the process in the Sprint Review and Retrospective. Now, the team is ready to move forward with the next Sprint.

          In the second Sprint, the team focused on implementing the Book Catalogue features, allowing users to search for books and view detailed descriptions. During the Sprint Planning, the team selected user stories related to searching books by title and author and displaying book details (price, synopsis, ratings). The Sprint Goal for this Sprint was: “Enable users to search for books and view detailed information.”

          The team followed the same process throughout the second Sprint—attending Daily Scrums, tracking progress toward the Sprint Goal, and adjusting tasks as needed. Once completed, they conducted a Sprint Review with stakeholders, who tested the book search functionality and provided feedback. The Sprint Retrospective allowed the team to reflect on what went well and identify any areas for improvement, such as improving search performance or refining the user interface for book details.

          After this, the team moved to the next Sprint, building on the prior work and adding more functionality—such as a Shopping Cart feature—bringing the product closer to completion with each iteration.

          This cycle continues, with each Sprint delivering a new, valuable Product Increment until the final product—a fully functioning bookstore website and mobile app—is complete and ready for release.

        

      

      
        12.3.4 Key Scrum Metrics for Progress
      

      
        
          
            
              In Scrum, tracking progress and ensuring that the team moves efficiently toward the Sprint Goal requires using key metrics. These metrics help monitor current work, forecast future performance, and identify potential bottlenecks. The most commonly used metrics in Scrum are the burndown chart, burnup chart, velocity chart, cycle time, and lead time. Each provides valuable insights into the team’s progress and productivity, helping the team adjust their approach as needed, improve estimation, and consistently deliver value. These tools are essential for maintaining transparency, facilitating communication, and fostering continuous improvement within the team.

            

          

        

      

      
        12.3.4.1 Burndown Chart
      

      A Burndown Chart tracks the remaining work in a sprint and compares it with time left. It helps the team see if they’re on track to complete all tasks within the sprint.

      The vertical axis represents the total amount of work (story points, tasks, or tasks), while the horizontal axis represents the days in the sprint. Each day, the remaining work is updated, creating a downward curve.

      
        
          [image: The image shows a Burndown Chart, commonly used in Scrum to track progress during a sprint. Key elements of the chart include:Horizontal axis (x-axis): Represents the sprint timeline, typically shown in days. Vertical axis (y-axis): Indicates the amount of work remaining, usually measured in story points or hours. Ideal line (blue): A straight line showing the ideal pace of work completion from start to finish. Actual line (yellow): A line tracking the actual progress, reflecting how much work has been completed versus remaining. Annotations highlight start and end points, the comparison between ideal and actual progress, and the visual representation of remaining work over time. The chart helps teams assess if they are on track to complete the sprint goals.]
        
        Figure 12.3.4 Burndown Chart

      

      
        
          [12]
        
      

      In Figure 12.3.4, the Scrum Burndown Chart illustrates the information below:

      
        	Vertical Axis (Work Remaining): It shows the total amount of work to be done in the Sprint. In this chart, the initial workload was 29 story points.

        	Horizontal Axis (Timeline): It represents the time within the sprint, typically in days. This chart spans a 7-day Sprint.

        	Ideal Timeline Comparison (Blue Line): It represents the ideal or projected progress. If the team worked at a steady pace, it would gradually complete the tasks until there was no work left by the end of the sprint (day 7).

        	Actual Timeline Comparison (Yellow Line): It tracks the actual progress of the team. It shows fluctuations in the team’s progress, where they may have started slow, completed a significant chunk of work around day 3, and then steadily completed tasks as the sprint progressed.

      

      
        
          [image: The image depicts three variations of Burndown Charts in Scrum, each showing different sprint outcomes:1. Left Chart: The actual progress (yellow line) closely aligns with the ideal progress (blue line). Outcome: Work was completed on time, meeting the sprint goal. 2. Middle Chart: The actual progress line descends faster than the ideal line, indicating the team finished earlier than expected. Outcome: The team overestimated the work or under-planned; they could have added more user stories to the sprint. 3. Right Chart: The actual progress line remains above the ideal line and does not reach the sprint goal. Outcome: This represents a typical first sprint where the team is still learning Agile practices, failing to complete all planned work. These charts help visualize the team's progress and highlight areas for improvement in sprint planning and execution.]
        
        Figure 12.3.5 Interpretation of the Burndown Chart
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        12.3.4.2 Burnup Chart
      

      A Burnup Chart shows the work completed and the total work or scope. It helps track scope changes. The vertical axis represents the amount of work, and the horizontal axis represents time. The chart has two lines—one for completed work and one for the required work.

      
        
          [image: The image depicts a Burnup Chart, which visualizes project progress over multiple sprints by tracking cumulative work completed against the total project scope.X-axis: Represents the sprint number (1 to 8). Y-axis: Represents the cumulative story points delivered. Blue horizontal line: Indicates the total project scope, fixed at 250 story points. Green stepped line: Shows the cumulative story points completed by the team after each sprint, reflecting incremental progress. Dashed black line: Represents the trend or projection of progress, showing the rate of work completed over time. This chart provides a clear view of progress toward completing the total scope and highlights whether the team is on track to finish the project.]
        
        Figure 12.3.6 Burnup Chart
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      In Figure 12.3.6, the burnup chart illustrates the information below:

      
        	Horizontal Axis: This represents the Sprint Number (1 through 8).

        	Vertical Axis: This measures the Story Points Delivered.

        	Blue Line (Top Horizontal): It represents the total scope of the project in terms of story points and remains constant at 250 story points. The total work to be done has not changed, meaning that there has not been a scope creep or reduction.

        	Green Line (Stepped Line): It represents the work completed (Story Points Delivered). The team gradually increases the number of completed story points as they progress through each sprint.

        	Dashed Black Line: This is the ideal progress line, representing how the team would complete work if they delivered story points at a consistent rate across all sprints. The team is slightly behind the ideal pace but catches up as they move towards the later sprints.

      

      
        
          
            Burndown Charts vs. Burnup Charts
          

        

        
          
            	The Burndown Chart tracks the remaining work over time. It shows how much work is left to complete a sprint or project. The goal is for the line to trend downward to zero, indicating that work is being completed.

            	The Burnup Chart tracks the completed work and the total scope over time. It shows how much work has been done and compares it against the total amount of work required, with the goal of the completed work line catching up to the total work line.

          

        

      

      
        12.3.4.3 Velocity Chart
      

      A Velocity Chart shows how many story points the team has completed across several sprints. It helps the team estimate how much work they can complete in future sprints. The vertical axis represents story points, and each bar represents a sprint. By tracking the velocity, the team can better predict future sprint capacity.

      
        
          [image: The image shows a Velocity Chart, a bar graph that represents the story points delivered by a Scrum team across eight sprints.X-axis: Represents the sprint number (1 to 8). Y-axis: Represents the story points delivered by the team in each sprint. Bars: Each bar shows the number of story points completed during a specific sprint, demonstrating the team's productivity over time. The chart is useful for tracking the team's velocity, identifying trends, and forecasting future sprint capacity. It highlights consistent performance, with the team delivering around 30-35 story points per sprint after initial sprints.]
        
        12.3.7 Velocity Chart
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      For example, after completing two sprints in which the team delivered 31 and 33 story points, respectively, the team knows they typically complete around 30-35 story points per sprint. This helps the team plan the next sprint, which might include building the shopping cart feature.

      
        12.3.4.4 Cycle Time
      

      Cycle Time is the amount of time it takes for a task to go from “in progress” to “done.” Shorter cycle times mean the team is delivering features faster. Cycle time is measured by tracking when a task starts and is completed.

      For example, if the team begins working on the password reset feature on Monday and completes it on Wednesday, the cycle time for that task is 3 days. If cycle times start to lengthen, it may indicate bottlenecks that need to be addressed.

      
        12.3.4.5 Lead Time
      

      Lead Time measures the total time it takes to add a task to the backlog until it is completed. It includes both the time spent waiting and the time spent working.

      For example, if the user registration feature is added to the backlog in Week 1 and completed in Week 3, the lead time is 2 weeks. Long lead times might indicate delays in starting work on important features.
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12.4 Recent Trends in Agile Project Management


  
  Organizations, whether multinational corporations, non-profits, government agencies, or international organizations, often use agile project methods and frameworks. Although agile started with software development projects (see Section 12.1), its utilization has become common in other IT projects. Eventually, non-IT projects, such as new product development projects, have practiced agile methods increasingly. A PMI (Project Management Institute) survey conducted in 2018 found that 23% of organizations worldwide utilized agile techniques, whereas 47% used a predictive approach. However, another 23% also used hybrid approaches (e.g., using waterfall’s sequential and linear project life cycle stages while establishing a more frequent communication and feedback system with the client and stakeholders)[1].

  A recent study is the 17th State of Agile Report published in 2024[2]. 788 people from various countries who work in the tech sector, financial services, healthcare or pharmaceuticals, professional services, and government responded to that survey. This report highlights the points from the practice as detailed below:

  
    	
      71% use Agile in their software development lifecycle (SDLC).

    

    	
      63% of Agile users are team Scrum.

    

    	
      The top benefits of using Agile are improved collaboration and better alignment with the business.

    

    	
      Engineering/R&D are the fastest growing adopters of Agile, up 16% over 2022.

    

    	The top five parts of the organization using Agile are information technology, the software development and delivery lifecycle team, engineering, product, research and development, business operations, and customer support and services.

    	The top five factors driving agile adoption are “Prioritize, deliver, and measure incremental customer and business value,” “Accelerate time to market,” “Digital transformation,” “Delivery predictability,” and “Better managing distributed teams.”

    	The top answers for “Where Agile Struggles” are “Company still has many legacy systems requiring mixed approach,” “Siloed teams causing delays on deliverables,” “Clashes with company culture,” “It is not used consistently across teams,” and “Cannot measure the value to the business.”

    	The top four software programs agile teams utilize are Atlassian Jira, Mural/Miro, Azure DevOps, and Microsoft Excel.

    	Regarding the AI (Artificial Intelligence) use in the agile world, 29% of the respondents indicated that they are actively exploring these types of AI tools and how best to use them in parts of the organization and/or they are designing/embedding/integrating them into their products and services. 22% said, “Some individuals in our organization are using or testing them, but there are no specific plans or goals yet.” while 17% indicated, “We plan to use them in our organization and/or products, but we are still in initial discussions or investigations.”

  

  The “15th State of Agile Report” conducted in 2021 by digital.ai[3] also had useful insights to understand the agile project environment better.

  
    	The most popular agile approach is Scrum. 66% of the respondents identified Scrum as the methodology they follow most closely. Besides, 9% indicated using ScrumBan, and 6% blended Scrum with XP. Therefore, Scrum’s share is 81% in total.

    	The most popular scaling approach is SAFe, which has 37%. SAFe was followed by Scrum@Scale / Scrum of Scrums (9%) and Enterprise Scrum (6%).

    	The top five agile techniques and practices used by the organizations are daily standups (87%), retrospectives (83%), sprint/iteration planning (83%), sprint/iteration reviews (81%), and short iterations (63%).

    	The top five agile planning and delivery tools are Kanban boards (77%), taskboards (67%), spreadsheets (66%), agile project management tools (64%), and bug trackers (62%).

    	The top five reasons to adopt agile are “enhance ability to manage changing priorities”, “accelerate software delivery”, “increase team productivity”, “improve business and IT alignment”, and “enhance software quality”.

    	The top five challenges in organizations regarding agile practices are “inconsistent processes and practices across teams”, “organizational culture at odds with agile values”, “general organization resistance to change”, “lack of skills/experience with agile methods”, and “not enough leadership participation”.

    	Eighty-one percent of the respondents recommended Jira as a software tool in agile planning and management. Jira was followed by Digital.ai agility (formerly VersionOne) and Azure DevOps. Thirty-five percent recommended Microsoft Project.
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12.5 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	The Agile project management approach has been utilized by project teams since the 1990s, when it started to emerge among software developers.

        	In 2001, agile practitioners published a manifesto titled “Manifesto for Agile Software Development ” that proposed a set of guiding principles for agile project management.

        	The Agile manifesto highlights the importance of “individuals and interactions,” “working software,” “customer collaboration,” and “responding to change” to distinguish itself from the traditional waterfall (predictive) project management approach.

        	While the waterfall approach is linear and sequential, the agile approach compresses the sequential phases in small timeboxes (iterations) to create increments at the end of each timebox.

        	The main roles of agile teams are cross-functional teams and their members, product owners, and team facilitators.

        	Common agile practices are the team charter, user stories and backlog, planning of each iteration or cycle, daily standups, demonstrations or reviews, retrospectives, and backlog refinement.

        	The structure of a user story is generally as follows: As a “user/stakeholder,” I want to “perform a function / an action / an app feature” so that I can “acquire a benefit / an expected outcome.”

        	The Agile Practice Guide by PMI (Project Management Institute) lists the single-team agile methods as Scrum, Extreme Programming (XP), Kanban, Crystal methods, Scrumban, Feature-Driven Development (FDD), Dynamic Systems Development Method (DSDM), and Agile Unified Process (AgileUP).

        	According to the 15th State of Agile Report published in 2021, the SAFe® (Scaled Agile Framework) is the most common scaling framework. It focuses on providing a knowledge base of patterns for scaling development work across all enterprise levels.

      

    

  

   

  




  
  





12.6 Multiple-Choice Questions


  
  There are 10 questions for this chapter.  You will get immediate feedback as you submit each answer and be taken to the next question.

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=377

  

  

   

  




  
  





12.7 Exercises


  
  
    
      Exercise 1: Scrum for a Retail Mobile Application

    

    
      RetailPro, an imaginary e-commerce company specializing in home goods, is transitioning to a mobile-first approach to enhance customer engagement and sales. The company’s leadership has decided to develop a new mobile application to support its business goals. The project team has adopted the Scrum framework to ensure a flexible, collaborative, and iterative development process. The product will be launched in three months, and the team is in its first Sprint.

      Project Details:

      Product Goal: Develop a user-friendly mobile application enabling customers to browse, search, and purchase products efficiently while offering personalized recommendations based on purchase history.

      Sprint Goal for the First Sprint: Implement a basic user management system, allowing customers to register, log in, and reset their passwords.

      
        Team Structure:
      

      
        	Product Owner: Responsible for prioritizing the Product Backlog and ensuring the team delivers value to stakeholders.

        	Scrum Master: Responsible for facilitating the Scrum process, removing impediments, and coaching the team.

        	Developers: A cross-functional team of 6 developers with expertise in front-end, back-end, and database design.

      

      
        Sprint Details:
      

      
        	Duration: 2 weeks

        	Sprint Backlog: 	User Story: “As a new user, I want to register an account so that I can save my payment details for future use.” (5 Story Points)
	User Story: “As a returning user, I want to log in using my email and password to access my account.” (3 Story Points)
	User Story: “As a user, I want to reset my password if I forget it so that I can regain access to my account.” (2 Story Points)



      

      
        Tools and Metrics:
      

      Tools: Atlassian Jira for task tracking, Zoom for meetings, and Figma for UI design.

      Metrics: Burndown Chart for Sprint progress, Velocity Chart for long-term planning.

      Key Events During the Sprint:

      Sprint Planning: The team discussed the user stories, identified dependencies, and defined the Sprint Goal. Tasks were broken into smaller subtasks, such as creating a database schema for user management and implementing a password validation system.

      Daily Scrum: Team members shared updates:

      
        	“Yesterday, I completed the registration form UI. Today, I’ll integrate it with the database.”

        	“I’m working on email verification for password resets. I’ve hit an issue with the SMTP server configuration.”

        	Impediment: The SMTP server for email verification was misconfigured, delaying progress. The Scrum Master coordinated with the IT team to resolve the issue within a day.

      

      Sprint Review: The team demonstrated the completed user registration and login features. Stakeholders suggested adding password strength indicators to enhance usability.

      
        Sprint Retrospective:
      

      
        	What went well: Collaboration among developers was seamless, and the burndown chart showed steady progress.

        	What didn’t go well: The team underestimated the complexity of the password reset feature.

        	Action items: Allocate more time for complex features and improve dependency identification during Sprint Planning.

      

      Questions:

      
        Part 1: General Understanding of the Scrum Process
      

      
        	What is the primary responsibility of the Product Owner in this project?

        	What is the main role of the Scrum Master during the Sprint?

        	Describe the Sprint Goal for the first Sprint in this project.

      

      
        Part 2: Sprint Planning and Execution
      

      
        	Assign a priority to each user story based on its importance to the Product Goal.

        	During Sprint Planning, the team broke down user stories into smaller subtasks. Provide an example of a subtask for implementing the password reset feature.

        	How did the team identify and handle dependencies during Sprint Planning?

      

      
        Part 3: Monitoring and Metrics
      

      
        	How do these tools used to track the team’s progress contribute to achieving the Sprint Goal?

        	How does a Burndown Chart help the team monitor Sprint’s progress?

        	Why is the Velocity Chart useful for long-term planning in Scrum?

      

      
        Part 4: Sprint Events
      

      
        	During the Daily Scrum, one team member mentioned hitting an issue with the SMTP server configuration. How did the Scrum Master address this impediment?

        	How can the feedback from stakeholders during the Sprint Review be integrated into future Sprints?

        	What is the importance of demonstrating completed features during the Sprint Review?

      

      
        Part 5: Retrospective and Continuous Improvement
      

      
        	How can action items be addressed in future Sprints?

        	How might the team adjust their approach to Sprint Planning based on the retrospective action items?

        	What went well during the Sprint, and how can the team ensure these positive aspects are maintained in future Sprints?

      

      
        Part 6: Critical Thinking
      

      
        	If the password reset feature’s complexity was underestimated, what strategies could the team use to prevent similar underestimations in the future?

        	Imagine the stakeholders request a new feature (e.g., adding biometric login functionality) during the Sprint. How should the team handle this request according to Scrum principles?

        	How might delays in resolving impediments (e.g., the SMTP server issue) impact the Sprint Goal and overall project timeline?

      

      
        Part 7: Scenario-Based Questions
      

      
        	If the burndown chart shows inconsistent progress halfway through the Sprint, what might this indicate, and how should the team address it?

        	Suppose the password strength indicator suggested by stakeholders needs additional development time. How can the Product Owner prioritize this feedback while ensuring the team remains focused on the Sprint Goal?

      

    

  

  




  
  





Chapter 13. Closing the Project




13.0 Learning Objectives and Overview


  
  
    
      
        Learning Objective 
      

    

    
      
        	Explain the importance and benefits of the project closure.

        	Elaborate on the activities conducted by the project team while closing a project.

        	Explain the post-implementation review.

        	Describe how the benefits realization is monitored and validated following the closing phase of a project.

      

    

  

  
    Overview
  

  
    As discussed in Chapter 1, “Introduction to Project Management,” projects are temporary. They have a definite beginning and ending date. Projects finish when their unique outcomes (i.e., results, deliverables) are produced and become available for the client, its end users, and the customers to use. Once the project deliverables are approved by the internal or external client (or an inspection and acceptance committee), the project manager can start the closing phase. Although closing a project might seem easier than the implementation phase, this process still requires delicate attention, as detailed in the following sections.
  

  




  
  





13.1 Closing the Project


  
  All projects end. Some of them are completed successfully when their triple constraints are within the acceptable ranges (e.g., budget is overrun by 7% when the range is 10%), project objectives are accomplished, and the stakeholders, particularly the client, are happy with the outcome. However, as discussed in Chapter 1 (see 1.4 Project Success), it is not uncommon for many projects to underperform due to various factors such as scope creep (i.e., uncontrolled expansion of product requirements and project activities), schedule delays, budget overruns, and miscommunication with stakeholders, or to fail that leads to early termination. In both cases, projects must be closed, whether successful or not. Therefore, project managers must lead the process to close the project formally. This process helps project managers, teams, project sponsors, and internal and external stakeholders evaluate the performance and what went right and wrong. Figure 13.1.1, originally available in Chapter 1, exhibits the project life cycle if the project follows all the phases and can make it to the end of the project by producing the deliverables.

  
    [image: The image illustrates the Project Life Cycle, outlining the phases of a project from start to finish:1. Pre-Project Work: Includes activities like: Needs Assessment Business Case development Benefits Management Plan creation. 2. Project Life Cycle: Divided into four main phases: Initiation: Creation of the Project Charter. Planning: Development of the Project Management Plan. Implementation: Execution of activities to produce deliverables. Closing: Includes administrative closure, lessons learned, disbanding the team, and transitioning deliverables. 3. Post-Project Work: Focuses on ongoing: Operations Maintenance. 4. Monitoring & Controlling: Runs parallel throughout the project to ensure alignment with goals and address any deviations. This comprehensive framework emphasizes the structured progression of a project, from planning and execution to maintenance after completion.]
    Figure 13.1.1: Project Life Cycle Phases (including the pre-project and post-project works)

  

  Project completion is often the most neglected phase of the project life cycle. Once the project is over, it’s easy to pack things up, throw some files in a drawer, and start moving right into the initiation phase of the next project. Hold on. We are not done yet. When closing the project, the project manager reviews the project management plan to ensure that all project work is completed and that the project has met its objectives[1]. It is of high importance here to highlight that project closure cannot start unless the deliverables (e.g., a new mobile application for online shopping, a new data center for an insurance company, a newly developed diabetics medication, an apartment complex that is ready to accept new tenants, an improved business process, etc.) are ready to use. Therefore, the implementation phase in the project life cycle is completed with the acceptance of these deliverables (Figure 13.1.1) and signals that it is time to close the project.

  
    
      
        Closing out the Grocery LLC’s M-Commerce Project
      

    

    
      Grocery LLC’s M-Commerce Project started on May 2, 2022, and the deployment was completed on November 3, 2022. The mobile app was subject to alpha testing first. Then, beta testing was carried out during the “Pilot” phase, where customers installed the beta version on their smartphones and did their online shopping. During the implementation of the beta version, all the feedback from customers and their mobile devices was evaluated, and the bugs and problems were corrected. The inspection and acceptance committee comprised Grocery LLC’s three IT department representatives, two Operations department representatives, and two store managers. The committee checked the final version and didn’t find a problem that may hinder the launch of the mobile app. The sponsor approved the sign-off after they received the inspection and acceptance report. Finally, the mobile app was introduced to Android and Apple online stores and is ready for use by online customers. Now, customers can log in with their usernames and passwords, browse items, add them to their carts, proceed to checkout, and complete their payments. We can start the closing phase since the deployment has been completed. As seen in Figure 13.1.2, “Closeout & Project Implementation Review” can start as the deployment is completed.

      
        [image: Figure 13.2 exhibits the project phases for the M-Commerce project. The first phase, initiation, includes the initiation and scope. The second phase, planning, includes analysis/app requirements and design. The third phase, implementation, consists of development, testing, training materials, documentation, pilot, and deployment. The last phase, closing, includes closeout and post implementation review.]
        Figure 13.1.2: Project Life Cycle Phases of M-Commerce Project

      

      The project’s closeout activities are given in Table 13.1.

      
        Table 13.1: Closeout Activities of Grocery LLC’s M-Commerce Project
      

      	WBS Number 	Activity & Pot Implementation  
 	10 	Closeout & Post Implementation Review  
 	10.1 	 Document lessons learned 
 	10.2 	   Archive all documents 
 	10.3 	   Complete all pending payments 
 	10.4 	   Final meeting with stakeholders to close the project 
 	10.5 	   Disband the team 
  

      We will refer to this case study in the following sections when needed.

    

  

  
    13.1.2 
    Key Activities to Consider While Closing the Project
  

  The key activities when we close out the project can be listed below:

  
    	Ensure all tasks are completed, and the deliverables have been checked and approved by the client (or its inspection and acceptance committee).

    	Collect project reports and documents and ensure that all project documents and deliverables are up-to-date.

    	Ensure all issues (e.g., disputes with vendors, conflict with stakeholders, legal issues, issues in compliance with standards) are resolved.

    	Ensure that all costs are charged to the project.

    	Release the final deliverables to the project sponsor, the internal and external client, and appropriate stakeholders.

    	Disseminate information to all the stakeholders to formalize acceptance of the project and its deliverables (products or services).

    	Notify all the stakeholders of the project’s completion.

    	Terminate supplier and vendor contracts.

    	Consult with the legal department to ensure that there are not and won’t be any legal issues that may result from the contracts and legally binding documents.

    	Release project resources (e.g., team members, facilities, equipment, materials).

    	Conduct a post-implementation review, including a discussion of the lessons learned.

    	Finish the paperwork, archiving and storing all the project information, including the lessons learned document, in an organizational repository.

    	Ensure that all the project information can be accessed easily (e.g., cloud storage, physical files) by the current project team and future project managers and teams.

  

  

  
    
      	Project Management Institute. (2017). A guide to the Project Management Body of Knowledge (PMBOK guide) (6th ed.). Project Management Institute. ↵


    

  

  




  
  





13.2 Activities to Close a Project


  
  The following sub-sections elaborate on the activities to close a project.

  
    13.2.1 
    Ending the Implementation Phase
  

  After we ensure that all the project activities are completed and the deliveries have been accepted by the client (the product owner and end users), we can start the activities to close the project. Once the project activities are completed in the implementation phase, we need to request the project sponsor to initiate a formal acceptance process involving the internal or external client (or the inspection/acceptance committee). They’re interested in knowing if the product or service of the project meets the objectives the project set out to accomplish. If our documentation is up-to-date, we will have the project results at hand to share with them.

  In this phase, it is also important to ensure that the implementation phase covers the post-project work composed of operation and maintenance. The project manager should ask the questions below to ensure that the project deliverables can be maintained and supported effectively after the deliverables are handed over to the client[1].

  Let’s consider the questions below for our m-commerce project:

  
    	Does the vendor offer 24/7/365 support for the mobile app? Are the rates for such support acceptable to the client?

    	Has a formal service level agreement been developed and put into effect between the organization and vendor to maintain continued support and service?

    	What provisions have been made for future upgrades and enhancements of the mobile app?

    	Does the necessary cloud capacity and storage exist for the future expansion of the system?

    	Has Grocery LLC’s IT support staff been trained to support the technology? Can they resolve technical issues, or can they contact the vendor or third-party suppliers for further support?

    	Has the help desk staff been trained to identify and log calls from users about the product?

    	Is the help desk number clearly displayed on the mobile app so our in-store shoppers and customers know whom to contact?

    	Has the project manager provided the help desk with a script of possible problems that users of the new solution could encounter?

  

  
    13.2.2 
    Contract Closure
  

  Contracts come to a close just as projects come to a close. Contracts differ from project charters and project management plans (Figure 13.2.1). They are legally binding documents with the client and the contractors or subcontractors. If the client is internal, it is a functional unit of our organization, so we won’t need a contract. In this case, the project charter and plans will act as formal documents that hold the project sponsor and manager accountable.

   

  
    [image: Figure 13.3 includes all the stakeholders involved in a project, and their relationships. The organization consists of project sponsor, project manager with the team members, and functional departments as the internal client. The project charter is used inside the organization. There is a contract between the organization and the external client. Besides them, there are contractors and subcontractors, customers, and all other stakeholders.]
    Figure 13.2.1: The Relationships Among the Project Sponsor, Project Manager, Internal and External Clients, Customers, and Stakeholders

  

  Contractors and subcontractors may still be present if some project activities or the overall project is outsourced to them. Therefore, not all projects require a contract closure process. Contract closure is concerned with completing and settling the terms of the contracts. In the M-Commerce Project, as mentioned in Chapter 11, we outsourced the development component to a software company. We assumed that we needed to pay $2,000 for each phase. The total cost baseline for all ten activities was $20,000 ($2,000 x 10). Therefore, our planned value was $20,000. When we finished five activities, the actual cost was $11,200. When closing the contracts, we should pay attention to the actual costs and the terms and conditions of the contract. The project manager should ask questions such as “Did the contractor finish all the activities and meet the requirements as indicated in the contract?”, “Are all the cost calculations correct?”, “Did we make all the payments?” and “Do we need to wait a while to make some payments as stipulated in the contract?”

  The contract closure process supports the project completion process because it determines if the work described in the contracts was completed accurately and satisfactorily. Obviously, this process applies only to those phases, deliverables, or project portions performed under the contract. Contract closure updates the project records, detailing the final results of the work on the project. Contracts may have specific terms or conditions for completion. We should know these terms or conditions, so project completion isn’t held up because we missed an important detail. If we are administering the contract ourselves, we should ask our procurement department if there are any special conditions we should be aware of so that the project team doesn’t inadvertently delay contract project closure.

  One of the purposes of the contract closure process is to provide formal notice to the seller, usually in written form, that the deliverables are acceptable and satisfactory or have been rejected. If the product or service does not meet our expectations, the vendor must correct the problems before we issue a formal acceptance notice. Before the contract is closed, any minor items that need to be repaired or completed are placed on a punch list, which lists all the items found by the client, team, or manager that remain to be done. Hopefully, quality audits have been performed during the project, and the vendor was allowed to make corrections earlier in the process than in the closing phase. It’s not a good idea to wait until the very end of the project and then spring all the problems and issues on the vendor at once. Discussing problems with the vendor as the project progresses is much more efficient because it allows correction when problems occur.

  The project team will then work on all of the items on the punch list, building a small schedule to complete the remaining work. If the number of items on the punch list is too large or the amount of work is significant, the project team continues to work on the project. Once the punch list becomes smaller, the project manager begins closing down the project, maintaining only enough staff and equipment to support the team that is working on the punch list.

  If the product or service meets the project’s expectations and is acceptable, formal written notice to the seller is required, indicating the contract is complete. This is the formal acceptance and closure of the contract. It’s the project manager’s responsibility to document the formal acceptance of the contract. The provisions for formalizing acceptance and closing the contract are often spelled out in the contract itself.

  Suppose we have a procurement department handling the contract administration. In that case, they will expect us to inform them when the contract is complete and will, in turn, follow the formal procedures to let the seller know the contract is complete. However, we will still note the contract completion in our copy of the project records.

  
    13.2.3 
    Disbanding the Project Team and Reassigning All Project Resources
  

  Project managers need to consider what project team members would do at an earlier stage after the project ends. If they are employees of our organization, project managers should provide sufficient and early notification to the team members to relieve them of future concerns. They may return to their functional departments to continue their operational tasks or get assigned to a new project. If the organization has a Project Management Office (PMO), and these members work at this PMO, they will continue working on other projects. Project managers should keep their managers, or other project managers, informed as the project approaches completion. Hence, they have time to adequately plan for the return to their departments or transfer to other projects. Project managers should let them know a few months ahead of time what the schedule looks like and how soon they can use the team members on new projects. This allows the other managers to start planning activities and scheduling activity dates.

  Besides the team members, we also need to consider other resources, such as physical resources, facilities, materials, and equipment the team uses. If unused materials cannot be returned to the supplier as consumables, they can be transferred to other projects or relevant departments so that they can use them and save some money. If the project team used office space, a manufacturing facility, or a lab, the organization’s facilities department must be notified. Timely notifications would help the organization plan for utilizing these resources for other projects and units or if they need to be sold or released.

  
    13.2.4 
    Final Payments
  

  The final payments are usually more than a simple percentage of the work that remains to be completed. Completing the project might involve fixing the most difficult problems that are disproportionately expensive to solve, so the final payment should be large enough to motivate the vendor to give the project a high priority so that the project can be completed on time.

  Suppose the contractors, subcontractors, suppliers, and vendors have met all the contractual obligations, including fixing problems and making repairs as noted on a punch list, which lists the work that doesn’t conform to contract specifications. In that case, the project team signs off on the contract and submits it to the accounting department for final payment. They are notified that the last payment is final and completes the contractual agreement with the project. Besides, the performance of suppliers and vendors is reviewed to determine if they should still be included in the list of qualified suppliers or vendors.

  Sometimes, there may be a provisional acceptance instead of a final acceptance. Thus, the final acceptance may occur later (e.g., one year after the provisional acceptance). A small amount of payment may be held for the final acceptance. The contract may contain fines in case of problems that may occur until the final acceptance.

  
    13.2.5 
    Administrative Closure & Archiving of Project Documents
  

  The project manager must ensure that all the administrative tasks required to close the project have been completed. Thus, the project manager can use a checklist, as shown in Table 13.2.1.

  
    Table 13.2.1: A Checklist for the Administrative Closure
    
      [2]
    
  

  	Item 	Completed 
 	Project Team 	 
 		Performance reports shared with functional managers

  	 
 		One-on-one debriefs completed

  	 
 		Coaching plans updated

  	 
 		Resources released to functional units and/or other projects

  	 
 		Project completion party completed

  	 
 	Project documents 	 
 		All inspection and acceptance reports received

  	 
 		Lessons learned report filed, uploaded to the online repository for the access of all project teams

  	 
 		Contract closure completed

  	 
 		Final project report completed

  	 
 		All project documents archived

  	 
 	Project manager 	 
 		Wrap-up meeting with the sponsor, client, key stakeholders, etc. completed

  	 
 		Personal development plan updated

  	 
  

  
    The following are some of the project documents that are archived:
  

  
    	Business case, needs assessment, and project benefits management plan

    	Project charter

    	Project management plan and its sub-plans (e.g., plans for scope, requirements, schedule, cost, quality, resources, communication, risks, procurement, stakeholders, change, and configuration)

    	Scope, schedule, and cost baselines

    	Basis of estimates

    	Team charter

    	Risk register

    	Issue log

    	Quality reports

    	Test and evaluation documents

    	Inspection and acceptance reports

    	All financial documents (e.g., pay stubs, invoices)

    	Lessons learned register

    	Final project report

  

  The documents associated with the project must be stored in a safe location where they can be retrieved for future reference. Signed contracts or other documents that might be used in tax reviews or lawsuits must be stored. Organizations have legal document storage and retrieval policies that apply to project documents and must be followed. Generally, organizations and Project Management Offices (PMOs) store all the project documents in an electronic folder and/or a software program.

  Care should be taken to store documents in a form that can be recovered easily. If the documents are stored electronically, standard naming conventions should be used to sort and group documents by name. If documents are stored in paper form, the expiration date of the documents should be determined so they can be destroyed at some point in the future.

  
    13.2.6 
    Sample Sponsor Project Closure Letter
  

  A sample letter a project sponsor can write has been provided below[3]:

  Dear <Salutation>,

  Thank you for allowing us the honor of working on <Project X>.  We found working with both you and your organization to be a fruitful experience and are pleased to present the following results:

  
    	The successful outcome of <Project X> 	<Deliverable 1>
	<Deliverable 2>
	<Deliverable 3>



    	The expected delivery date of<MM/DD/YYYY> was met

    	The project came in at <percent over/under budget>

    	Surveyed stakeholder approval was <#> out of <#>

  

  At this time, we consider <Project X> to be completed. We are submitting our final invoice for $<XX,XXX> to your accounts receivable department under your purchase order number <P.O. Number>. Your help in securing payment for our services will be appreciated.

  Additionally, during the project, we identified the following potential opportunities for your review:

  
    	<Improvement A>

    	<Improvement B>

    	<Improvement C>

  

  Should you be interested in pursuing any of these options and/or additional opportunities, please consider utilizing our organization so we can leverage our skills and experience with you. Again, thank you for selecting us to work on your project.  If you have any questions or comments, please do not hesitate to contact me.

  Sincerely,

  Project Sponsor

  

  
    
      	ProjectManagement.com. (n.d). Checklist for Support After Project Closure. Retrieved from https://www.projectmanagement.com/checklists/216024/checklist-for-support-after-project-closure↵


      	Jordan, A. (n.d.). Project Closure Report. Retrieved from https://www.projectmanagement.com/deliverables/286683/project-closure-report↵


      	ProjectManagement.com. (n.d). Sponsor Project Closure Letter. Retrieved from https://www.projectmanagement.com/deliverables/173276/sponsor-project-closure-letter↵


    

  

  




  
  





13.3 Post Implementation Reviews and Archiving Documents


  
  
    13.3.1 
    Lessons Learned
  

  If needed, regular reviews are made during the project in the presence of team members and other stakeholders. These reviews help the project manager and the team review the current situation, determine if there is a need to revise the project documents and plans, and take timely actions to prevent any problems that may occur later in the project. After the implementation of project activities is finalized and the deliverables are inspected and accepted by the client, the project team reviews all the documents and meets to discuss what went well and wrong during the project and what could have been done to avoid the problems that occurred. It is important to remember here that the lessons learned process doesn’t start in the close-out phase. As can be recalled from Figure 13.3.1 (also see Chapter 1), the closing process starts before the closing phase of the project life cycle starts. The project team has already produced many documents, reports, logs, and registers. They have been edited, and numerous new records have been added in parallel with project activities in the implementation phase. Therefore, some aspects of the closing process, such as keeping the lessons learned register, can start during the implementation when the project team learns from their experience and adds them to the lessons learned register after a thorough discussion and assessment.

  
    [image: The image is a graph depicting the level of effort across the five Project Management Process Groups over time:X-axis: Represents the project timeline from start to finish. Y-axis: Represents the level of effort, including workforce, resources, and interactions. The curves indicate the effort required for each process group: Initiating Process Group (black dashed line): Peaks early in the project, representing initial setup and approvals. Planning Process Group (green dashed line): Increases after initiation, peaking before execution, as detailed plans are created. Executing Process Group (blue dotted line): Requires the most effort, peaking during the project's implementation phase. Monitoring and Controlling Process Group (yellow dashed line): Spans the entire project, with consistent effort, peaking slightly during execution. Closing Process Group (red dashed line): Peaks near the end of the project, reflecting the finalization of deliverables and administrative tasks. This graph highlights the dynamic allocation of resources and effort throughout a project's lifecycle.]
    Figure 13.3.1 Project Management Process Groups (Adapted from PMBOK Guide 6th Edition)

  

  If the project is considered a success, the discussion can center on why the project was successful and the challenges that had to be overcome to achieve success. Lessons learned meetings are often quite enjoyable when the project is successful.  If the project is unsuccessful, the conversation centers on the causes of failure. Table 13.3.1 provides two lessons from the M-Commerce project.

  
    Table 13.3.1: Lessons Learned Register for M-Commerce Project
  

  	Lessons Learned 	Recommendation for Future Projects 
 	Although our Risk Register identified a risk stating that “Cost estimates may be exceeded considering the factors of inflation and foreign exchange currency rates.” the risk trigger was indicated as “If the CPI (cost performance index) drops below 0.90, we will need to seek additional funding from management.”, the Systems Analyst 1 did not notify the project manager and the team of the problem when CPI decreased to 85%. An unexpected spike in the inflation rate in the USA increased the activity costs. 	In future projects, it is highly important to determine the risk owner as the project manager, not another member. Besides, a second person can be assigned to assist the project manager. 
 	Our mobile app had serious issues regarding the bugs, and the app stores notified us of the deficiencies in the field of privacy. The developers and testers didn’t respond on time. 	In future projects, in the recruitment process, the developers and testers should be asked to include their experience in previous mobile app projects in detail in their job applications. A minimum of three years of experience should be required. Besides, they should explain how they solved problems. 
  

  
    Many project leaders request external facilitation in this situation so they can fully participate in the discussions. In addition, an external facilitator can help ensure the conversations remain objective and avoid tones of blame. A common approach is to identify, all in the context of the project’s objectives, what should be continued, what should be started, and what should be stopped. This is often referred to as the start/stop/continue approach.
  

  Quality management is a continual improvement process that includes learning from past projects and making changes to improve the next project. This process is documented as evidence that quality management practices are in use. Some organizations have formal procedures for changing work processes and integrating the lessons learned from the project so future projects can benefit. Some organizations are less formal in their approach and expect individuals to learn from the experience, take the experience to their next project, and share what they informally learned with others.

  
    13.3.2 
    Trust and Alignment Effectiveness
  

  The project leadership reviews the effect of trust—or lack of trust—on the project and the effectiveness of alignment meetings in building trust. The team determines which problems might have been foreseen and mitigated and which could not have been reasonably predicted. The project stakeholder register, change log, issue log, and risk register can help the team with this assessment. Other questions that can be asked in this assessment are:

  
    	What cues were missed by the team that indicated a problem was emerging?

    	What could the team have done to predict better and prevent trust issues?

  

  
    13.3.3 
    Schedule and Budget Management
  

  The original schedule of activities and the network diagram is compared to the actual schedule of events. Earned Value Management (EVM) tools can greatly help the team while making this comparison (see Chapter 11). Events that caused changes to the schedule are reviewed to see how contingency reserves and slacks (floats) mitigated the disruption caused by those events. The original estimates of contingency time are reviewed to determine if they were adequate and if the estimates of duration and float were accurate. These activities are necessary for the project team to develop expertise in estimating schedule elements in future projects—they are not used to place blame. As discussed in Chapter 7, this can be significantly helpful in analogous estimating of activity durations in future projects. Besides, a review of budget estimates for the cost of work scheduled is compared to the actual costs. If the estimates are frequently different from the actual costs, the choice of estimating method is reviewed. In a similar vein, the results of the budget review would be an important input to future projects through analogous estimating (see Chapter 9). In this analysis, EVM is again an effective tool for comparing the earned value to the actual cost.

  
    13.3.4 
    Risk Response Strategies
  

  After the project is finished, the estimates of risk can be reviewed and compared to the events that actually took place. The risk register, qualitative and quantitative risk assessment tools, risk response strategies, issue log, and stakeholder register will be of significant help to the project team in conducting this review. The following questions can help the team assess the risk management process during the project:

  
    	Did the risks identified in the planning phase occur?

    	If an identified risk occurred, was the response strategy sufficient to deal with the risk? Was the contingency reserve sufficient?

    	Did events occur that were unforeseen (e.g., unknown unknowns)?

    	What cues and triggers may have allowed the team to predict these events?

    	Was the management reserve sufficient to cover unforeseen risks?

  

  Let’s assume that, in our M-Commerce Project, the second risk with the ID number 2.2 in Table 10.3.1, “An Example of a Risk Register,” occurred (Table 13.3.2). Systems Analyst 2 (SA2) monitored the risk effectively and checked with Developer 1 to see if they could work on the five activities under “2. Analysis/App Requirements”. Developer 1 notified SA2 of their absence. Therefore, SA2 asked Developer 2 to attend the activities. While the hourly rate of Developer 1 was $35, Developer 2 asked for $45. This caused an additional cost of $1,840. However, as can be recalled from Chapter 9 and the second question above, a contingency reserve can be allocated in the budget within the cost baseline if the response strategy requires additional funds to deal with the risks. In this case, let’s consider that the project team included a $2,000 contingency reserve to cover the absence of Developer 1 (Table 13.3.3). Thus, this contingency reserve was sufficient and didn’t hurt the project. Eventually, this situation is recorded as a lesson learned.

  
    Table 13.3.2: Risk 2.2 of M-Commerce Project
  

  	ID 	Related WBS Activity 	Description 	Risk Owner 	Risk Trigger 	Contingency Reserve 
 	  2.2
 	2.1 2.2
 2.3
 2.4
 2.5
 	The demand for developers increased recently since the demand for online games and mobile apps has been on a sharp rise after the emergence of the COVID-19 pandemic. We may experience a shortage of developers in the market. 	Systems Analyst 2 	Ten days before the “Analysis/App Requirements” component starts, we must ensure that Developer 1 starts working on project activities. 	$2,000 
  

  
    Table 13.3.3: Costs of “Analysis/App Requirements” Stage of M-Commerce Project
  

  	WBS 	Activity Name 	Duration 	Cost 
 	2 	Analysis/App Requirements 	29 days 	$31,960.00 
 	2.1 	Review needs analysis based on the business case 	3 days 	$2,760.00 
 	2.2 	Elicit requirements from stakeholders 	10 days 	$10,000.00 
 	2.3 	Draft preliminary stakeholder specifications 	5 days 	$5,000.00 
 	2.4 	Review specifications with the team and stakeholders 	5 days 	$8,600.00 
 	2.5 	Incorporate feedback on the specifications 	3 days 	$2,160.00 
 	2.6 	Develop a preliminary budget and delivery timeline 	2 days 	$1,440.00 
 	2.7 	Obtain approvals to proceed (concept, timeline, budget, resources) 	1 day 	$0.00 
 	2.8 	Analysis complete (Milestone) 	0 days 	$0.00 
 	 	Contingency Reserve 	 	$2,000 
  

  
    13.3.5 
    Client and Stakeholder Satisfaction
  

  Relationships with the client are reviewed by the team and the relevant internal stakeholders, such as the project sponsor, project steering committee, and functional departments. In the meetings with the client, they can express satisfaction and identify areas in which project communication and other factors could be improved. Often a senior manager from the organization interviews the client to develop feedback on the project team’s performance. An internal or external audit also helps the team and the organization evaluate the relationships with the client and stakeholders and assess the client’s overall satisfaction.

  A general report that provides an overview of the project is created to provide stakeholders with a summary of the project. The report includes the original goals and objectives and statements that show how the project met those goals and objectives. Performance on the schedule and budget are summarized, and an assessment of client satisfaction is provided.

  This report is also submitted to the senior management as an executive summary containing all the information provided to the stakeholders. The report identifies practices and processes that could be improved or lessons learned that could be useful for future projects.

  




  
  





13.4 Validating the Realization of Business Benefits


  
  All projects are initiated as a way to create value for the organization. This value may be expressed in many different ways. For instance, it can be a tangible benefit, such as incremental sales associated with launching a new product or service, or an intangible benefit, such as increased employee satisfaction associated with introducing time-saving technology. Further, the project may result in streamlining business processes, resulting in fewer workers being required to complete the work. There are many more possibilities.

  Many organizations create a business benefits realization plan, whereas others include the business benefits realization approach as part of their project management plan. Either way, the following should be considered:

  
    	What are the benefits? In stating the benefits, the SMART principle should be used (see Chapter 2).

    	How will the business benefits be tracked? This should be considered during solution design as it may be necessary to create mechanisms to collect the required information.

    	Who is accountable for tracking and communicating the business benefits?

    	Who is accountable for taking the appropriate actions to realize the business benefits? For instance, in projects involving productivity improvements, if the business benefits involve releasing staff, who will be accountable for making this happen?

    	When are the business benefits expected to be fully realized?

  

  




  
  





13.5 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	Projects finish when their unique outcomes (i.e., results, deliverables) are produced and available for the client and/or customers. Some projects are completed successfully, but it is not uncommon to see that many projects fail. In both cases, projects must be closed, and the activities and procedures must be carried out in the closing phase.

        	When closing the project, the project manager reviews the project management plan to ensure that all project work is completed and the project has met its objectives.

        	Once the project outcomes are documented, the project manager must request formal acceptance from the client (or the inspection/acceptance committee).

        	The contract closure process supports the project completion process because it determines if the work described in the contracts was completed accurately and satisfactorily. One of the purposes of the contract closure process is to provide formal notice to the seller, usually in written form, that the deliverables are acceptable and satisfactory or have been rejected.

        	Disbanding the project team and reassigning team members should be finalized in the closeout phase. Besides, project managers deal with releasing other resources such as physical resources, facilities, materials, and equipment the team uses.

        	The documents associated with the project must be stored in a safe location where they can be retrieved for future reference.

        	After the implementation of project activities is finalized and the deliverables are inspected and accepted by the client, the project team reviews all the documents and meets to discuss what went well and wrong during the project and what could have been done to avoid the problems that occurred. This leads to the finalization of a lessons learned register.

        	Post-implementation reviews include the lesson learned process, reviewing trust and alignment effectiveness, evaluating the schedule and budget management by utilizing various tools such as EVM, reviewing the risks, strategies, and responses, discussing client and stakeholder satisfaction, and producing a final report for the client, senior management, and other stakeholders.

        	The performance of the project outcomes is monitored according to the benefits realization plan.

      

    

  

   

  




  
  





13.6 Multiple-Choice Questions


  
  There are 3 questions for this chapter.  You will get immediate feedback as you submit each answer and be taken to the next question.

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=398

  

  

  




  
  





13.7 Exercises


  
  
    
      
        Exercise 1: Closing the Project – A Successful Implementation
      

    

    
      Sunrise Solar Energy, a renewable energy company, initiated a project to expand its solar panel production line to meet growing market demand. The project involved designing and constructing a new production facility, procuring advanced equipment, and hiring additional staff. The project officially started on January 15, 2024, and was successfully completed on December 1, 2024, within the planned budget of $20 million and one week ahead of schedule.

      During the project, the following activities were performed:

      
        	Construction Phase: The construction of the facility was completed on time, adhering to all environmental and safety standards.

        	Equipment Procurement and Installation: Advanced automated equipment was procured and installed successfully.

        	Training Programs: Newly hired employees completed a comprehensive training program, ensuring they were ready for operations.

        	Final Inspections: The inspection and acceptance committee approved the new facility, equipment, and processes.

      

      After completing the implementation phase, the project entered the closeout phase. The following activities were planned for the closeout:

      
        	Documenting lessons learned.

        	Archiving all project documents.

        	Completing all pending payments.

        	Conducting a final meeting with stakeholders to close the project formally.

        	Disbanding the project team and reallocating resources.

      

      
        Lessons Learned:
      

      
        	Close collaboration with contractors ensured the construction phase met deadlines.

        	Early procurement of equipment prevented delays caused by global supply chain issues.

        	Conducting training parallel to the construction phase saved time and improved staff readiness.

      

      Questions:

      
        	
          Project Completion:
          
            	What specific activities must be completed during the closeout phase to ensure the project is formally closed?

            	Why is it important to document lessons learned, and how can these be used in future projects?

          

        

        	
          Administrative Closure:
          
            	What steps should be taken to archive project documents, and why is this important?

            	How would you ensure all financial obligations, including pending payments, are finalized?

          

        

        	
          Team Disbandment:
          
            	What considerations should the project manager keep in mind while disbanding the project team and reallocating resources?

            	Why is it beneficial to notify team members and their functional managers early about the project’s end?

          

        

        	
          Stakeholder Meeting:
          
            	What key points should be discussed in the final stakeholder meeting?

            	How can feedback from stakeholders during the closeout phase contribute to organizational improvements?

          

        

      

    

  

   

  
    
      
        Exercise 2: Addressing Challenges in Project Closeout
      

    

    
      EcoFarm, a fictional agricultural technology company, completed a project to install a state-of-the-art irrigation system for a client, Green Fields, a large organic farming operation. The project included designing the irrigation system, installing equipment, and training Green Fields’ staff to operate the system. Although the system met quality standards, the project faced several challenges:

      
        	Delayed Equipment Delivery: Supply chain disruptions delayed the delivery of critical components by two weeks.

        	Budget Overruns: Unexpected regulatory changes required additional equipment testing, leading to a 10% budget increase.

        	Team Fatigue: The team worked overtime to recover from delays, resulting in decreased morale.

        	Lessons Learned: EcoFarm identified areas for improvement, such as diversifying suppliers and conducting more comprehensive risk assessments during planning.

      

      During the closeout phase, EcoFarm’s project manager focused on the following:

      
        	Finalizing all financial settlements with suppliers and contractors.

        	Conducting a lessons learned workshop to identify improvements.

        	Ensuring all project documentation, including testing results and compliance reports, was archived.

        	Organizing a final meeting with Green Fields to review the project outcomes and discuss ongoing support for the irrigation system.

      

      Questions:

      
        	
          Challenges and Lessons Learned:
          
            	How should the project team address delays and budget overruns in the closeout phase?

            	What measures could EcoFarm take to improve risk management in future projects?

          

        

        	
          Client Relationship:
          
            	How can the project manager ensure Green Fields is satisfied with the project outcomes during the final meeting?

            	What role does a well-documented benefits realization plan play in maintaining a strong client relationship post-project?

          

        

        	
          Final Payments and Contract Closure:
          
            	Why is it essential to review all supplier and contractor performance before making final payments?

            	What steps should be taken if a contractor failed to meet their obligations under the contract?

          

        

        	
          Team Debriefing:
          
            	Why is conducting a lessons learned workshop critical after project completion?

            	How can EcoFarm address team fatigue and morale issues for future projects?

          

        

      

    

  

   

  




  
  





Chapter 14. Generative Artificial Intelligence (GenAI) and Project Management




14.0 Learning Objectives and Overview


  
  
    
      Learning Objectives

    

    
      
        	Define the key concepts of Generative AI (GenAI) and its application in project management.

        	Explain how GenAI models such as Large Language Models (LLMs), Transformer-based models, and Autoregressive models function in generating new data.

        	Demonstrate how to effectively use GenAI tools to automate routine tasks, enhance decision-making, and provide real-time project insights.

        	Identify potential challenges, such as data privacy concerns and AI hallucinations, and assess GenAI’s impact on project workflows.

        	Critically evaluate the ethical considerations and limitations of using GenAI in project management, including bias in AI-generated outputs.

        	Develop strategies for integrating GenAI into project management workflows, including prompt engineering techniques, to improve efficiency and project outcomes.

      

    

  

  Overview

  
    
      
        
          The introduction of GenAI in November 2022 by OpenAI has revolutionized the field of project management, transforming how tasks are automated, decisions are made, and data is processed. With the release of tools like ChatGPT, GenAI models have demonstrated remarkable advancements in natural language processing, enabling project managers to optimize workflows and make data-driven decisions. As businesses increasingly adopt AI technologies, project managers must understand the opportunities and challenges posed by GenAI, such as potential biases in AI outputs and the need for effective data governance. This chapter will explore the benefits of using GenAI, including improved efficiency, enhanced decision-making, real-time project insights, and strategies to mitigate challenges like AI hallucinations and over-reliance on automation.

        

      

    

  

  




  
  





14.1 Generative AI (GenAI)


  
  
    
      
        
          In November 2022, OpenAI made a groundbreaking announcement with the release of ChatGPT, a generative AI model that surprised the world with its remarkably human-like conversational abilities, showcasing an unprecedented level of coherence and versatility in generating text across various topics.[1]. ChatGPT gained one million users five days after launching, while it took 2.5 months for Instagram, 5 months for Spotify, 10 months for Facebook, and 3.5 years for Netflix to reach the same number of users[2]. ChatGPT hit 100 million monthly active users in January 2023 and more than 200 million people weekly in August 2024[3].

          Unlike earlier versions of artificial intelligence tools, ChatGPT quickly captured public attention for its ability to generate coherent, human-like text responses across various topics. Built on the foundation of the GPT-3.5 architecture (Generative Pre-trained Transformer[4]), this tool demonstrated a significant leap in natural language processing by offering new possibilities in communication, content creation, and automated tasks. Its free web interface offered accessibility to the general public. Therefore, it allowed millions of users to explore the potential of AI to be integrated into daily life and professional workflows. This launch showcased the maturity of generative AI and sparked widespread conversations about its applications, ethical implications, and future developments.

          The Future of Jobs Report 2023 by the World Economic Forum indicated that some 75% of companies are set to have adopted AI technologies by 2027, while 80% plan to accelerate automation during this period[5]. This rapid technological shift is expected to significantly transform job roles, with a growing demand for skills in AI, data analysis, and digital tools, while also displacing more routine, manual tasks. As companies embrace these technologies, reskilling and upskilling initiatives will become critical to preparing the workforce for these changes.

        

      

    

  

  14.1.1 Generative AI (GenAI)

  GenAI refers to a subset of artificial intelligence (AI) technologies that generate new content—text, images, music, code, and other forms of data—by learning from existing patterns and examples. Unlike traditional AI models (i.e., classification, regression, and clustering) that primarily classify, predict, or analyze data, GenAI models can create novel outputs that mimic the data they were trained on[6].

  GenAI is powered by advanced machine learning techniques, particularly neural networks like transformers, which enable these systems to process large datasets and produce original content based on patterns learned during training[7].

  Major types of GenAI models are:

  
    	
      
        Large Language Models (LLMs)
      

      
        	LLMs are designed to understand and generate human-like text based on large datasets. They can perform a wide range of language tasks, such as text completion, summarization, translation, and answering questions. Most modern LLMs are based on transformer architectures but may also use autoregressive generation methods.

        	Examples: ChatGPT by OpenAI[8], Gemini by Google[9], Claude by Anthropic[10], LLaMA by Meta[11], and ERNIE by Baidu[12].

      

    

    	
      Transformer-based Models
      
        	Transformer models are neural network architectures that excel at processing sequential data. While commonly used in LLMs, transformer models can also be adapted for other generative tasks, such as image generation, speech synthesis, and music composition.

        	Examples: The first version of DALL·E for image generation, ElevenLabs for speech generation[13], SOUNDRAW for music generation[14], and Microsoft GitHub Copilot for code generation.

      

    

    	
      Autoregressive Models
      
        	Autoregressive models generate outputs step by step, with each step conditioned on the preceding outputs. In text generation, for example, the model predicts the next word in a sequence based on the words that have already been generated. Many LLMs like GPT combine transformer architecture with an autoregressive generation process.

        	
          Examples: GPT for text generation and WaveNet for audio generation.
        

      

    

    	
      
        Diffusion Models
      

      
        	Diffusion models are generative models that gradually denoise random noise to generate high-quality images. Due to their ability to create highly detailed and realistic images, diffusion models have become popular for image-generation tasks.

        	Examples: DALL·E 2 and 3 (incorporated into ChatGPT)[15], Stable Diffusion[16].

      

    

    	
      
        Generative Adversarial Networks (GANs)
      

      
        	GANs consist of two neural networks— a generator and a discriminator— that work together to generate realistic data such as images, videos, and audio. The generator creates data, while the discriminator evaluates its authenticity.

        	Examples: StyleGAN for realistic image generation and DeepFake models for video manipulation.

      

    

    	
      
        Variational Autoencoders (VAEs)
      

    

  

  
    	
      
        	VAEs generate new data similar to a training set by encoding input data into a compressed representation and then generating data from this compressed format.

        	Examples: VAEs are applied to medical image generation and video game design.

      

    

  

  14.1.2 Relationship of GenAI with AI in General

  GenAI is a specialized branch of AI, existing as one of many applications within the broader field of artificial intelligence (Figure 14.1.1). Here’s how it fits into the AI ecosystem:

  
    	
      Broader AI Scope:

      
        	Narrow AI (also known as weak AI) encompasses a wide range of capabilities, including: 	Reactive machines that respond to specific stimuli (e.g., recommendation systems used in online platforms like Netflix and Amazon).
	Expert systems that can make decisions or predictions based on predefined rules (e.g., AI used in medical diagnostic tools).
	Learning systems that improve performance based on experience, including methods like reinforcement learning, supervised learning, and unsupervised learning[17].



      

    

  

  
    
      
        General AI vs. Narrow AI
      

    

    
      General AI, or Artificial General Intelligence (AGI), is an advanced form of AI that can understand, learn, and perform any intellectual task a human can do. Unlike narrow AI, designed to excel at specific tasks like language translation or image recognition, general AI is adaptable and capable of transferring knowledge across different domains without requiring task-specific training. While narrow AI is widely used today, general AI remains a theoretical concept, aiming to replicate human-like reasoning, creativity, and problem-solving on a broad scale.

    

  

  
    	
      
        	GenAI represents a distinct and advanced application within narrow AI. While traditional narrow AI models focus on tasks like classifying or predicting data, GenAI creates new content—text, images, videos, and music—by identifying and mimicking patterns learned during training.

      

    

    	Generative AI vs. Traditional AI: 	Traditional AI models are typically designed for classification (e.g., detecting spam), regression (e.g., predicting sales), and optimization (e.g., routing logistics). They often rely on identifying patterns within structured datasets to assist with decision-making or predictions[18].
	GenAI, in contrast, focuses on generating new data that adheres to the learned patterns, which may include producing text, video, audio, code, or even entire 3D models[19]. It is creative in nature, aiming to extend beyond analyzing existing data to creating entirely new, realistic outputs.



    	Core Techniques: 	Machine Learning: Both narrow AI and GenAI rely on machine learning, but generative models are often based on deep learning architectures like neural networks. In particular, transformer models have revolutionized GenAI by enabling a large-scale understanding of language and images[20].
	Training and Learning: GenAI models are trained on vast datasets, such as text corpora for language generation or image databases for image creation, and are designed to replicate the patterns and features observed in the training data[21]. This allows them to generate novel content consistent with the training examples.
	Self-Supervised Learning: GenAI models often utilize self-supervised learning, which allows models to learn useful representations of data by predicting parts of the data itself. This method is crucial for tasks like text generation, where models predict the next word in a sequence.



  

  The relationships between different AI levels and types are demonstrated in Figure 14.1.1 below.

  
    	Artificial Intelligence (AI) (outermost layer): 	This represents the broadest concept. AI encompasses any machine or system capable of performing tasks that typically require human intelligence, such as problem-solving, reasoning, and learning. AI includes various approaches and methods, such as machine learning, rule-based systems, and expert systems.



    	Machine Learning (ML) (next layer): 	A subset of AI, machine learning refers to systems that improve their performance on a task through experience, meaning they can learn from data. These systems use algorithms to identify patterns in data and make predictions or decisions without being explicitly programmed for specific tasks.



    	Neural Networks (next layer): 	Within machine learning, neural networks are a class of models inspired by the structure and functioning of the human brain. They consist of interconnected nodes (neurons) organized in layers that process input data and learn to perform complex tasks, such as image recognition or language translation.



    	Generative AI (innermost layer): 	GenAI is a specific application of neural networks and machine learning.



  

  
    
      [image: A diagram showing the hierarchy of AI technologies, with concentric circles labeled from the outermost to innermost: Artificial Intelligence, Machine Learning, Neural Networks, and Generative AI.]
    
    Figure 14.1.1 Hierarchy of AI Technologies
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14.2 How Project Managers Can Utilize GenAI


  
  Integrating GenAI into project management offers powerful tools for automating tasks, enhancing decision-making, and generating project-related documents. GenAI is already transforming brainstorming sessions by allowing project managers to start conversations at a more advanced stage, saving time and boosting productivity[1]. Beyond document generation and brainstorming, GenAI can support advanced use cases in project management. For instance, project managers can use GenAI for resource leveling, predictive analytics to forecast project delays or budget overruns, and automated reporting on project performance metrics. By tapping into these advanced capabilities, project managers can make more data-driven decisions and improve overall project efficiency.

  Many project management software platforms have recently integrated AI features to enhance project planning, task management, and team collaboration. For instance, Atlassian Jira uses AI to streamline project tasks and provide context-aware suggestions to enable more efficient workflows. It also offers AI-driven analysis for issue tracking and decision-making through Atlassian Intelligence, enhancing task management with advanced automation features[2][3]. Similarly, Microsoft Project has incorporated AI through its Copilot feature, which assists in project scheduling, resource allocation, and generating detailed status reports by summarizing data and suggesting actions. However, users should carefully review all AI-generated content for accuracy before relying on it[4].

  Project managers often utilize GenAI by creating prompts in LLMs (Large Language Models) such as ChatGPT, Microsoft Copilot, and Google Gemini. GenAI’s effectiveness largely depends on how well it is guided through prompt engineering. By providing well-structured and clear prompts, project managers can harness the full potential of these AI tools and ensure they receive useful and accurate outputs for their project needs.

  In this section, we’ll explore key principles of prompt engineering and how to craft effective prompts to maximize GenAI’s capabilities in project management.

  14.2.1 Prompt Engineering and Tips for Project Managers

  Prompt engineering is creating and refining prompts to guide AI tools in producing useful responses. This skill is essential for project managers, as the quality of AI outputs is closely tied to how questions or instructions are framed. A well-structured prompt should be clear, specific, and contextual to the project. As AI continues to evolve, understanding the nuances of prompt engineering has become crucial for maximizing the effectiveness of tools like GPT[5].

  
    Key Tips for Effective Prompt Engineering:
  

  
    	Be Specific: 	Instead of asking vague questions, you should structure the prompts with clear goals and context. For example, instead of asking, “Create a project plan,” you should try “Create a project plan for developing a mobile app, including task dependencies, deadlines, and resource allocations.”
	Specificity helps the AI focus on the right elements. Providing precise details, such as expected outcomes or criteria, enables the model to generate more contextually relevant responses[6]. Besides, being specific allows GenAI to jumpstart brainstorming, delivering a “solid strawman” of ideas that can be refined by the team, thereby saving time and enhancing the brainstorming process[7].



    	Provide Context: 	AI tools often perform better when given sufficient background information. If asking for risk analysis, you should include project-specific details such as scope, timeline, and key stakeholders. For example, “Analyze risks for a two-year e-commerce platform development project with a $5 million budget.” Contextual prompts provide more relevant and actionable insights. Adding context ensures that LLMs can leverage their knowledge to deliver more accurate and human-like outputs[8].



    	Break Complex Tasks into Smaller Prompts: 	If the task is complex, consider breaking it down into multiple steps. For instance, when creating a project charter, you could first ask for an outline and then prompt the AI to fill in sections like objectives, stakeholders, and deliverables. This approach improves the depth and clarity of the responses[9].



    	Use Iterative Prompting: 	Sometimes, the first output won’t be perfect, so you better iterate. You should refine the prompts based on the AI’s responses. You should adjust the prompt to request more detail or a different format if you receive an incomplete or vague answer. Iterative prompting allows the model to generate more precise results as it hones in on the desired outcome[10].



    	Request Alternative Solutions: 	You should ask the AI for multiple options or approaches to encourage creative problem-solving. For example, “Generate three alternative risk mitigation strategies for a delayed project launch.” This encourages the AI to think beyond the first answer and offer multiple perspectives. Providing examples or asking for variations in the solution allows the AI to better tailor the output to the user’s needs and deliver more flexible responses[11].



    	Clarify Output Format: 	You should specify how you want the output delivered—bullet points, a chart, or a detailed report. For example, “Provide a project schedule in Gantt chart format, listing task dependencies and milestones.” This improves the usability of the generated content and helps integrate it more effectively into project documentation.



  

  By using these strategies, project managers can ensure that GenAI tools provide more accurate and useful results tailored to their project’s specific needs. Let’s explore how project managers can apply these principles in predictive project management and agile methodologies.

  
    
      
        The Hidden Risks: Addressing Bias in AI-Generated Outputs
      

    

    
      While GenAI offers tremendous potential in automating tasks and enhancing decision-making, project managers should be aware of potential biases in the AI-generated outputs. The AI’s training data may carry inherent biases that could affect decision-making. It’s essential to assess the outputs critically and, if needed, cross-check with other sources to ensure decisions are based on objective and comprehensive data.

    

  

  14.2.2 Predictive Approach

  In predictive project management, project managers rely heavily on upfront planning, detailed documentation, and strict adherence to timelines and budgets[12][13]. GenAI can assist in these areas by offering predictive insights, calculating key performance metrics and EVM (Earned Value Management) indicators, and generating detailed project charters, plans, and documents.

  Below are examples of how project managers can leverage prompt engineering to utilize GenAI for predictive project management. The first example of “Creating a Project Charter” includes more detailed guidance on how project managers can interact with an LLM such as ChatGPT. Including iterative steps and instructions helps project managers refine and input the outputs.

  
    14.2.2.1 Prompts for Creating a Project Charter
  

  First, you should provide background information about the project. Attaching documents such as the needs assessment, business case, benefits management plan, SWOT analysis, agreements, enterprise environmental factors, and organizational process assets to the prompt will help the LLM generate a more accurate and contextually relevant project charter by allowing the AI to understand the project’s goals, constraints, risks, and stakeholders in greater detail. This ensures the AI considers all necessary factors while drafting, which can lead to a more comprehensive and tailored output.

  
    Prompt: “Draft a project charter for a six-month initiative to upgrade the company’s IT infrastructure. The charter should be based on the documents attached to this prompt. Include the project purpose, key stakeholders, high-level objectives, and key deliverables.”

  

  
    Step 1: Initial Prompt and Output
  

  You will receive a draft project charter after you provide the above prompt to the LLM. You should review the output for accuracy and completeness.

  
    
      
        Attention: Don’t Let AI Fool You – Beware of Hallucinations!
      

    

    
      When interacting with an LLM, it’s important to understand that the AI may sometimes generate hallucinations, which refers to made-up or inaccurate information that appears plausible. The LLM might also overlook or misunderstand certain details in the attached documents, such as the business case or SWOT analysis. Hallucinations can occur due to the model’s attempt to predict what sounds most plausible based on patterns it has learned, even if it lacks the necessary information. You should always review the AI-generated draft carefully for inaccuracies, inconsistencies, or missing information. You should verify that the output aligns with the actual project requirements and attached documentation, and you should be prepared to refine the prompt or manually adjust the content to ensure it reflects the true scope and objectives of the project (Bommasani et al., 2021).

    

  

  
    
      Example Output from the LLM
    

    
      
        Project Charter: IT Infrastructure Upgrade Initiative
      

      Project Name: IT Infrastructure Upgrade
Project Duration: Six Months
Project Manager: Jane Doe
Project Sponsor: John Smith, CIO

      
        Project Purpose:
      

      This project aims to upgrade the company’s IT infrastructure to improve system performance, scalability, and security. This initiative will ensure that the company’s IT systems can support business growth, reduce downtime, and enhance data protection.

      
        Key Stakeholders:
      

      
        	Project Sponsor: John Smith, CIO

        	Project Manager: Jane Doe, IT Manager

        	IT Team Lead: Sarah Johnson, Senior Systems Administrator

        	Operations Team Lead: Mark White, Head of Operations

        	External Vendor: ABC Tech Solutions (responsible for hardware procurement and installation)

      

      
        High-Level Objectives:
      

      
        	Improve System Uptime: Increase system uptime by 25% by replacing outdated servers and improving network infrastructure.

        	Enhance Security: Implement new cybersecurity protocols, reducing the risk of data breaches and unauthorized access by 50%.

        	Scalability: Ensure the new infrastructure supports at least a 30% increase in future business operations without performance degradation.

      

      
        Key Deliverables:
      

      
        	New Server Hardware and Network Upgrades: Installation of upgraded servers and networking equipment to replace legacy systems.

        	Enhanced Cybersecurity Measures: Implementation of advanced firewalls, encryption protocols, and multi-factor authentication.

        	System Documentation and Training: Comprehensive documentation for new systems and training sessions for IT staff to ensure smooth operation and maintenance.

        	Disaster Recovery Plan: Creation of an updated disaster recovery plan to minimize downtime in case of a system failure.

      

    

  

  
    Step 2: Refining the Output
  

  Now, it is time to assess the draft charter. You should identify areas needing more detail, such as specific deliverables, potential risks to the project, and key assumptions or constraints. For instance, while the initial project charter includes high-level objectives and key deliverables, it lacks clarity in areas such as the specific responsibilities of key stakeholders (e.g., project sponsor and project manager) and the potential risks and assumptions related to the project. You must recognize that including detailed responsibilities for stakeholders ensures accountability and clear communication during the project. Additionally, outlining risks such as hardware procurement delays or system downtime will help in proactive risk management, while clarifying assumptions (e.g., resource availability or vendor timelines) will ensure the project is grounded in realistic expectations.

  
    
      Refining the Prompt: 
      “Expand on the key stakeholders section by detailing the specific roles and responsibilities of project sponsors, project managers, and team leads. Add potential risks that could impact the IT infrastructure upgrade, such as hardware procurement delays or cybersecurity breaches during the transition. Also, include key assumptions, such as the availability of external vendors and downtime required for the upgrade.”
    

  

  
    Step 3: Improved Output
  

  The LLM can now generate a more detailed project charter based on the refined prompt.

  
    
      
        New Improved Output
      

    

    
      Project Charter: IT Infrastructure Upgrade Initiative (Revised)

      Project Name: IT Infrastructure Upgrade
 Project Duration: Six Months
 Project Manager: Jane Doe
 Project Sponsor: John Smith, CIO

      Project Purpose:

      This project aims to upgrade the company’s IT infrastructure to improve system performance, scalability, and security. This initiative will ensure that the company’s IT systems can support business growth, reduce downtime, and enhance data protection.

      Key Stakeholders:

      
        	Project Sponsor: John Smith, CIO
Responsibilities: 	Provides strategic oversight and ensures alignment with business objectives.
	Approves the project budget and any changes to scope or resources.
	Acts as the final decision-maker on high-level project issues.



        	Project Manager: Jane Doe, IT Manager
Responsibilities: 	Manages the project’s daily operations, including scheduling, resource management, and communication with stakeholders.
	Oversees the project’s progress and ensures that milestones and deliverables are met on time and within budget.
	Facilitates meetings, reports progress to the sponsor, and resolves any project issues that arise.



        	IT Team Lead: Sarah Johnson, Senior Systems Administrator
Responsibilities: 	Oversees the technical execution of the IT infrastructure upgrade, including hardware installation and configuration.
	Coordinates with the vendor for technical support and ensures system compatibility.
	Supervises the testing and implementation of new systems.



        	Operations Team Lead: Mark White, Head of Operations
Responsibilities: 	Ensures minimal disruption to daily business operations during the upgrade.
	Works with the IT team to plan system downtime and communicate it to the affected departments.
	Oversees the transition to the upgraded system and ensures operational needs are met.



        	External Vendor (ABC Tech Solutions)
Responsibilities: 	Procures and installs the necessary hardware and software for the IT infrastructure upgrade.
	Provides ongoing technical support during the installation and post-upgrade phases.
	Ensures all systems meet the required security and performance standards.



      

      High-Level Objectives:

      
        	Improve System Uptime: Increase system uptime by 25% by replacing outdated servers and improving network infrastructure.

        	Enhance Security: Implement new cybersecurity protocols, reducing the risk of data breaches and unauthorized access by 50%.

        	Scalability: Ensure the new infrastructure supports at least a 30% increase in future business operations without performance degradation.

      

      Key Deliverables:

      
        	New Server Hardware and Network Upgrades: Installation of upgraded servers and networking equipment to replace legacy systems.

        	Enhanced Cybersecurity Measures: Implementation of advanced firewalls, encryption protocols, and multi-factor authentication.

        	System Documentation and Training: Comprehensive documentation for new systems and training sessions for IT staff to ensure smooth operation and maintenance.

        	Disaster Recovery Plan: Creation of an updated disaster recovery plan to minimize downtime in case of a system failure.

      

      Risks:

      
        	Procurement Delays: Potential delays in sourcing and installing new hardware due to supply chain issues.

        	Cybersecurity Breaches During Transition: Increased vulnerability to cyberattacks during the upgrade process as systems are switched over.

        	Downtime Impact: Risk of extended system downtime during the upgrade process, potentially affecting daily business operations.

      

      Assumptions:

      
        	Vendor Availability: ABC Tech Solutions will be available to provide hardware and services on schedule.

        	Downtime for Upgrade: The project assumes that the company will schedule planned downtime for the upgrade without disrupting critical operations.

        	Budget and Resources: The required budget and human resources will be available throughout the project duration without significant changes.

      

    

  

  
    Step 4: Finalizing the Charter
  

  Now, you can evaluate whether further iterations are necessary. You can refine it further by adding timeframes for the deliverables or specific performance metrics to track the project’s success.

  Additional Iteration Prompt: “Add specific timeframes for each deliverable and include success criteria for the project’s completion.”

  
    
      
        The Role of Iterative Refinement
      

    

    
      
        	It’s important to remember that prompt engineering is not a one-time process but iterative. Project managers can guide GenAI toward more relevant and actionable insights by refining prompts based on initial outputs. Iteration helps address ambiguities, inconsistencies, or missing details, ensuring the generated responses align with the specific project needs.

        	Project managers can help the GenAI system ‘learn’ and improve over time by providing feedback on the AI’s outputs and fine-tuning prompts. This feedback loop ensures that as more context is provided, the AI can adapt and produce even more tailored responses, improving overall project management outcomes.

      

    

  

  
    14.2.2.2 Applying Prompt Engineering Tips to Project Planning and Forecasting
  

  Prompt Example:
“Generate a detailed project plan for the construction of a new office building. The plan should include the following: key phases (e.g., design, foundation, construction, finishing), milestones for each phase, task dependencies (e.g., foundation must be completed before construction), and resource allocations (e.g., number of workers and materials required for each phase). The project should be completed within 18 months and stay within the $5 million budget.”

  
    How This Prompt Relates to Key Tips for Effective Prompt Engineering:
  

  
    	Be Specific:
 This prompt avoids vague requests by specifying clear goals and context. Instead of simply asking for a general project plan, it provides exact requirements such as the project phases (design, foundation, construction), milestones, and resource allocations. Being specific ensures that the AI focuses on the right elements, enabling it to generate more contextually relevant responses. By including exact figures like the budget ($5 million) and the timeframe (18 months), the AI is guided to provide a more realistic and applicable project plan.

    	Provide Context:
 The prompt ensures that the AI is given sufficient context about the project’s scope, including constructing a building and constraints like the timeframe and budget. Providing background information (e.g., key project phases, budget, and dependencies) allows the AI to produce actionable insights more aligned with the actual project environment. Adding context ensures the AI delivers human-like outputs that are better aligned with the project’s needs.

    	Break Complex Tasks into Smaller Prompts:
 In this case, the prompt breaks down the complex task of creating a project plan by specifying multiple components, such as phases, milestones, dependencies, and resource allocations. Each part is a smaller, manageable task, improving the responses’ depth and clarity. Breaking down tasks helps the AI generate more accurate outputs for each component of the project plan.

    	Use Iterative Prompting:
 The initial output may not be perfect, so iterative prompting should be used. After receiving the first draft, you can refine the prompt by asking for more detail, such as specific resource breakdowns or contingencies for potential delays. This iterative process helps you guide the AI toward more precise and polished results over multiple iterations.

    	Request Alternative Solutions:
 You can further refine the project plan by asking the AI for alternative solutions if certain aspects of the project change. For example, you could ask, “Generate an alternative project plan if the budget is reduced by 20% and the timeline is extended by three months.” This encourages the AI to think creatively, offer multiple approaches, and help you see different strategies for managing project constraints. Requesting variations in the solution allows the AI to tailor its output to different scenarios.

    	Clarify Output Format:
 The prompt can specify the desired output format by requesting that the AI deliver the plan in a detailed list or Gantt chart format. For example, you could include an additional instruction: “Provide a project schedule in Gantt chart format, listing task dependencies and milestones for each phase.” This makes the AI-generated content more usable and ready for integration into the project documentation.

  

  This enhanced prompt helps you understand how to apply effective prompt engineering techniques to create a well-structured project plan. It incorporates specificity, context, and iterative improvement while encouraging flexibility through alternative solutions and clarifying the output format. By following these guidelines, you can craft prompts that lead to more relevant, actionable AI-generated responses, ultimately helping you manage projects more effectively in your career.

  
    14.2.2.3 Short Prompt Examples
  

  Below are other examples of creating prompts in the predictive project management approach. It is important to remember that you should always provide the background information and relevant documents as input for the LLM to generate an effective response. These documents could include project charters, business cases, stakeholder lists, and risk assessments, which provide the necessary context for the LLM to create precise and actionable outputs. By supplying detailed and relevant information, you ensure the AI can generate results aligned with the project’s purpose and the triple constraint of scope, schedule, and cost. Additionally, refining and iterating the prompt based on initial outputs will help you improve the accuracy and relevance of the generated responses.

  
    	Forecasting Project Costs: 	“Based on the following project details, estimate the total project cost, including labor, materials, and overheads. The project involves building a software application over 12 months with a team of 8 developers, 2 designers, and 1 project manager. Assume average salaries are $100,000 for developers, $85,000 for designers, and $120,000 for the project manager. Include additional costs for software licenses ($10,000) and cloud infrastructure ($20,000).”
	This prompt details labor costs, resource counts, and overheads, ensuring the AI generates a cost estimate grounded in realistic assumptions. Providing specific salaries and additional costs helps the AI give a more precise budget forecast.



    	Risk Identification and Mitigation: 	“Create a risk management plan for launching a new product in an emerging market. Consider potential risks, including market volatility, regulatory changes, supply chain disruptions, and local competition. Suggest a mitigation strategy for each risk, including short-term and long-term actions.”
	This prompt provides the AI with a detailed project context (a product launch in an emerging market) and specific risks to focus on, ensuring a comprehensive risk management plan. It asks for both short-term and long-term mitigation strategies, helping you see how risk management should evolve.



    	Calculate Earned Value Management (EVM) Metrics: 	“Based on the project’s budget and percentage of completion, calculate the Earned Value (EV), Planned Value (PV), Cost Performance Index (CPI), and Schedule Performance Index (SPI). The project budget is $500,000 and is currently 50% complete, with actual costs of $300,000. Analyze these metrics to assess whether the project is on track.”
	This prompt specifies key project metrics (EV, PV, CPI, SPI) and provides the project’s financial details, ensuring the AI can generate accurate EVM calculations. By including actual and planned costs, the prompt helps the AI precisely analyze whether the project is on budget and schedule.



    	Create a Gantt Chart with Dependencies: 	“Generate a Gantt chart for the development of a new software application. The chart should include tasks such as initial planning, software design, coding, testing, and deployment. Show dependencies between tasks (e.g., coding must be completed before testing), and include a timeline with estimated start and end dates for each task.”
	This prompt clearly defines the tasks and dependencies involved in the software development project. By specifying key phases and dependencies, the AI can generate a Gantt chart that visually organizes the timeline, making it easier for project managers to track progress and ensure tasks are completed in the correct order.



    	Perform Critical Path Analysis: 	“Identify the critical path for a construction project involving building a new office complex. The project consists of tasks such as obtaining permits, laying the foundation, constructing the frame, and interior finishing. Provide the durations for each task and indicate which tasks are on the critical path.”
	This prompt specifies the tasks and requires the AI to calculate task durations and dependencies. By asking for the critical path, the prompt ensures the AI identifies the longest sequence of tasks with zero slack that must be completed on time to avoid project delays, providing key insights for project scheduling.



    	Estimate Resource Allocation: 	“Estimate the resource allocation for a 12-month software development project, including developers, testers, and designers. The project requires 5 developers, 3 testers, and 2 designers. Allocate resources based on a $1 million budget and ensure the project stays within these limits while meeting deadlines.”
	This prompt details resource requirements and budget constraints, ensuring the AI generates a precise resource allocation plan. By specifying roles and budget, the prompt allows the AI to deliver an allocation plan that optimizes resources and ensures the project remains on track financially.



    	Monitor Project Performance: 	“Generate a performance report for the first quarter of a two-year project to build a new distribution center. The project has a budget of $20 million and is currently 25% complete, with actual costs of $6 million. Provide insights into cost performance, schedule performance, and any risks or delays that might impact the project timeline.”
	This prompt specifies key performance metrics such as cost and schedule, ensuring the AI can generate a report evaluating the project’s current status. The prompt helps the AI provide accurate insights into the project’s health by including actual costs and completion rates.



    	Predict Delays and Offer Contingency Plans: 	“Predict potential delays for a large-scale construction project to build a new office park. The project faces supply chain issues, labor shortages, and regulatory approval delays. For each predicted delay, provide a contingency plan (e.g., alternative suppliers, subcontractors, or fast-tracking approval processes).”
	This prompt outlines specific issues that could cause delays, allowing the AI to predict potential disruptions to the project. By requesting contingency plans, the prompt ensures that AI generates proactive solutions to mitigate these delays and keep the project on track.



  

  14.2.3 Adaptive Approach

  In agile project management, flexibility and continuous adaptation are key, as project managers prioritize responding to change over following a rigid plan. Agile methodologies focus on iterative development, collaboration, and delivering incremental value throughout the project lifecycle[14][15]. In this approach, pivoting based on feedback and evolving requirements is crucial to success. GenAI can significantly support agile projects by helping create user stories, estimate story points, generate agile-specific artifacts such as burndown charts, and provide insights during retrospectives. By leveraging GenAI’s capacity for real-time data analysis and dynamic output generation, project managers can make informed decisions, adapt quickly, and streamline processes for better collaboration and efficiency.

  Below are examples of how project managers can use prompt engineering to utilize GenAI effectively in agile project management, along with iterative instructions to guide interaction with AI models like ChatGPT.

  
    14.2.3.1 Applying Prompt Engineering Tips to Scrum Project Story Estimation
  

  Prompt Example:
“Estimate the story points for the following user stories in a Scrum project to develop an e-commerce website. The user stories include ‘As a customer, I want to be able to filter products by category,’ ‘As an admin, I want to manage product inventory from the dashboard,’ and ‘As a customer, I want to receive an email confirmation after placing an order.’ Consider complexity, effort, and uncertainty in your estimations, and provide a brief rationale for each story point assignment. Deliver the output as a table with user story descriptions and corresponding story points.”

  
    How This Prompt Follows the Key Tips for Effective Prompt Engineering:
  

  
    	Be Specific:
 The prompt includes specific user stories, clarifying what the AI should focus on for estimation. Details such as “filter products by category” and “manage product inventory” guide the AI in estimating more accurately.

    	Provide Context:
 The prompt mentions that the estimations are for an e-commerce website within a Scrum project, providing context on the environment and type of project and helping the AI tailor its responses appropriately.

    	Break Complex Tasks into Smaller Prompts:
 The prompt focuses on estimating story points for specific user stories rather than tackling all aspects of the project at once. This ensures the task is manageable, allowing for more focused, accurate responses.

    	Use Iterative Prompting:
 If the initial output is too vague or incomplete, you could refine the prompt by asking the AI to consider specific criteria (e.g., effort required for each task or potential blockers), thus improving the accuracy of the estimations.

    	Request Alternative Solutions:
 You could iterate further by asking for alternative estimations based on different team sizes or sprint lengths, encouraging AI to provide multiple perspectives on effectively completing the user stories.

    	Clarify Output Format:
 The prompt specifies that the output should be delivered in a table format with user story descriptions and story points, ensuring the AI generates a clear, organized response that is easy to use in the Scrum planning process.

  

  
    14.2.3.2 Further Prompts for the Scrum Project Story Estimation
  

  First, it’s important to provide relevant background information about the project. Attaching documents such as user story lists, project backlog, sprint planning documents, and velocity reports will help the LLM generate more accurate estimates. These documents provide context about the team’s capacity, the complexity of tasks, and the project’s goals, which allows the LLM to offer more contextually relevant estimates. The AI can then estimate the effort required for each user story, consider dependencies, and account for the team’s velocity when assigning story points.

  Prompt: “Estimate the story points for the following user stories in a Scrum project to develop an e-commerce website. The user stories include ‘As a customer, I want to be able to filter products by category,’ ‘As an admin, I want to manage product inventory from the dashboard,’ and ‘As a customer, I want to receive an email confirmation after placing an order.’ Consider complexity, effort, and uncertainty in your estimations, and provide a brief rationale for each story point assignment.”

  
    Step 1: Initial Prompt and Output
  

  After providing the above prompt to the LLM, you will receive an initial set of story point estimates. Review the output for accuracy, consistency with previous sprints, and whether the rationale provided makes sense in the context of the project’s complexity and team capacity.

  
    
      Attention: Don’t Let AI Guesswork Go Unchecked – Review for Accuracy!
    

    
      When interacting with an LLM, it’s crucial to understand that AI may generate estimates based on patterns it has learned, which might not align with your specific team’s velocity or capacity. Sometimes, the AI may create plausible story point estimates, but they may be overestimated or underestimated based on team experience or unknown variables. You should carefully review the estimates for consistency with prior sprint velocity, project constraints, and team dynamics. You should always verify that the AI’s estimations align with your team’s expertise, and you should adjust them as needed for better accuracy.

    

  

  
    
      
        Example Output from the LLM
      

    

    
      
        	Story Point Estimations for E-Commerce Website Project: 	User Story:
As a customer, I want to filter products by category.
Estimated Story Points: 3
Rationale: This functionality requires a moderate level of complexity, with some integration of the product catalog database and frontend changes to implement the filters. There are minimal dependencies.
	User Story:
As an admin, I want to manage product inventory from the dashboard.
Estimated Story Points: 5
Rationale: This feature is more complex as it involves backend development, database management, and role-based access control for the admin. It may also require additional testing for security and data integrity.
	User Story:
As a customer, I want to receive an email confirmation after placing an order.
Estimated Story Points: 2
Rationale: Sending an email confirmation is relatively straightforward, with minimal complexity. The system needs to trigger an email after an order is placed, which may involve email service integration, but dependencies are limited.



      

    

  

  
    Step 2: Refining the Output
  

  Now, it is time to assess the initial estimates. You should identify areas that might need further refinement, such as complexity assumptions, dependencies on other stories, or constraints in team velocity. For instance, while the initial estimates offer a basic understanding of complexity, they might lack the necessary detail regarding uncertainties, technical challenges, or team capacity. Clarifying dependencies and additional complexities can help refine these estimates.

  Refining the Prompt:

  
    “Refine the estimates for the user stories by considering potential technical challenges, such as integrating with third-party services (e.g., email API for confirmation emails) and ensuring the filter function interacts with the entire product catalog. Also, adjust for any dependencies on other user stories in the backlog. Provide updated estimates with a brief explanation of how these factors impact the story points.”
  

  
    Step 3: Improved Output
  

  The LLM can now generate refined estimates based on the additional context about dependencies, technical challenges, and team capacity.

  
    
      
        New Improved Output
      

    

    
      Refined Story Point Estimations for E-Commerce Website Project:

      
        	User Story:
As a customer, I want to filter products by category.
Updated Story Points: 5
Rationale: After considering the interaction with a large product catalog, the complexity has increased. There is a need to optimize the filtering system to handle potentially large datasets efficiently, which requires additional development and testing.

        	User Story:
As an admin, I want to manage product inventory from the dashboard.
Updated Story Points: 8
Rationale: Managing inventory from the dashboard involves both frontend and backend integration, including handling large amounts of data, ensuring proper access control, and possibly syncing inventory with external systems. There are also dependencies on the existing database structure, which increases complexity.

        	User Story:
As a customer, I want to receive an email confirmation after placing an order.
Updated Story Points: 3
Rationale: While sending an email is relatively simple, the integration with a third-party email service introduces some complexity. Additionally, the email must include detailed order information and be triggered by the system accurately, which requires more testing.

      

    

  

  
    Step 4: Finalizing the Estimations
  

  Now, you can evaluate whether further iterations are necessary. You could refine the estimates further by incorporating team velocity or estimating based on additional factors like unforeseen risks (e.g., bugs in the API integration). For example, you can ask for alternative solutions based on different sprint lengths or team sizes.

  Additional Iteration Prompt: “Adjust the story point estimates based on a sprint velocity of 30 points per sprint and a team of 5 developers working in 2-week sprints. Include a brief explanation of how team size and sprint length affect the estimates.”

  
    14.2.3.3 Short Prompt Examples
  

  
    	Create User Stories for a Mobile App Development Project: 	“Generate five user stories for a Scrum project to develop a mobile app for an online bookstore. Include user roles and specific functionality, such as browsing books, making a purchase, and writing reviews.”
	This prompt helps project managers quickly generate clear and actionable user stories, ensuring the team understands the key functionalities from the user’s perspective. It provides a structured format to guide development.



    	Prioritize Tasks for a Sprint: 	“Prioritize the following tasks for the first sprint of a project to develop a mobile app for online shopping. Tasks include setting up the user authentication system, designing the homepage, integrating the payment gateway, and creating the product catalog. Prioritize based on business value, technical dependencies, and team capacity.”
	This prompt helps agile teams prioritize tasks based on key factors like business value, dependencies, and capacity, ensuring the most critical work is completed first. It supports effective sprint planning by guiding teams in organizing their work to deliver value early.



    	Generate a Sprint Backlog: 	“Generate a sprint backlog for the first sprint in a project to develop an online learning platform. Include the top priority user stories and break them down into tasks, such as designing the course interface, setting up user accounts, and creating a payment system.”
	This prompt helps teams plan and prioritize their work for the sprint, breaking down user stories into smaller, actionable tasks. It aids in sprint planning and task assignment.



    	Create a Retrospective Discussion Guide: 	“Create a discussion guide for the sprint retrospective of a project that faced challenges in completing tasks on time. Include prompts to encourage team members to share their concerns, reflect on what went well, and propose solutions for improving communication and collaboration in the next sprint.”
	This prompt focuses on power skills, such as leadership and communication, by encouraging a culture of continuous improvement. It guides the team in reflecting on successes and challenges while fostering open communication and problem-solving in agile environments.



    	Create a Burndown Chart: 	“Generate a burndown chart for a Scrum team’s current sprint, with 10 user stories and a sprint length of two weeks. Show how much work remains and track progress over time.”
	This prompt allows the team to visualize their progress throughout the sprint, providing real-time insights into whether they are on track to complete the work. It supports ongoing sprint monitoring and helps teams adjust priorities if needed.
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14.3 Benefits and Challenges of GenAI in Project Management


  
  
    
      
        
          Generative AI (GenAI) has the potential to revolutionize project management by automating complex tasks, providing predictive insights, and enhancing decision-making processes. By integrating AI-driven tools, project managers can streamline workflows, optimize resource allocation, and gain real-time visibility into project performance. However, alongside these benefits come challenges such as stakeholder resistance, data quality concerns, and the risk of inaccurate or biased AI-generated outputs. To fully leverage GenAI while mitigating its limitations, project managers must adopt strategies ensuring data integrity, fostering stakeholder understanding, and implementing human oversight at key decision points. This section explores the benefits, challenges, and best practices for integrating GenAI into project management to achieve optimal outcomes.

          Before discussing GenAI’s benefits and challenges in project management, it is important to understand the best practices that guide its responsible and effective use. Below is a paraphrased list of Do’s and Don’tsfor Project Practitioners using GenAI[1], elaborating on each point to provide deeper insight.

          14.3.1 Do’s and Don’ts for Project Practitioners Using GenAI

          
            DOs:
          

          
            	Automate repetitive tasks: GenAI can significantly increase efficiency by automating manual, time-consuming tasks such as generating reports or updating project statuses. Automating these tasks allows project managers and team members to focus on more strategic and creative efforts.

            	Leverage GenAI for informed decision-making: GenAI can help project managers make data-driven decisions by analyzing large datasets. This includes forecasting project outcomes, identifying risks, and determining the best allocation of resources based on predictive analytics.

            	Use GenAI for corrective actions: GenAI can proactively recommend adjustments to keep a project on track. For example, it can highlight bottlenecks or suggest reallocating resources based on real-time project data, ensuring smoother project execution.

            	Ensure data relevance and accuracy: GenAI’s outputs are only as good as the data it processes. Therefore, it is essential to source current, accurate, and clean data to inform project decisions. Poor data quality could lead to skewed results or inaccurate insights.

            	Maintain ethical and responsible use of AI: It’s crucial to ensure that GenAI deployment adheres to ethical standards, including fairness, transparency, and accountability. Ethical considerations should be at the forefront of GenAI use to avoid unintended consequences.

            	Adopt a security-first mindset: Design and implement GenAI solutions focusing on data security. Protect sensitive project information by embedding security features from the outset, including encryption and access control mechanisms.

            	Integrate human oversight: While GenAI can provide valuable insights and automate tasks, human oversight remains essential. Project managers should remain involved at all stages of AI deployment to make critical decisions, validate AI outputs, and provide contextual understanding.

          

          
            Human-in-the-Loop Approach[2]

            
              
                	Integrating Human Oversight: While GenAI can automate many project tasks, integrating human oversight ensures that project managers review critical decisions. Identifying key decision points where human input is needed will ensure that AI outputs are reliable and aligned with business goals.

                	Feedback Mechanisms: Implementing feedback loops where project managers can refine the outputs generated by GenAI systems ensures that the AI continues to learn and improve. Regularly reviewing the AI’s performance helps mitigate inaccuracies or “hallucinations.”

                	AI Hallucinations: Regular checks for accuracy are needed, as GenAI can generate plausible-sounding but incorrect facts. Project managers must constantly cross-check AI-generated content with verified project documentation and data.

              

            

          

          
            	Provide training for team members: Offering GenAI training ensures that team members can effectively collaborate with AI systems, understand how to interpret outputs, and contribute meaningfully to AI-driven projects.

            	Encourage real-world AI experience for team members: Allow team members to engage with GenAI solutions and gain hands-on experience. This builds competence and confidence in integrating AI technologies into daily project management tasks.

          

          
            DON’Ts:
          

          
            	Don’t neglect ethical considerations: It’s important not to deploy GenAI without evaluating its ethical implications. This includes considering issues such as bias in AI-generated data, transparency in AI decision-making, and the impact on the broader project.

            	Don’t train models on sensitive data: Avoid training GenAI models on confidential or restricted data, such as proprietary or sensitive project information, unless you have appropriate permissions and safeguards. Mishandling such data could result in breaches of confidentiality or legal repercussions.

            	Don’t overlook traditional techniques: While GenAI offers advanced capabilities, project managers should not rely on it when simpler, more traditional methods suffice. For instance, deterministic or explainable approaches may be more appropriate for straightforward decisions or when transparency is required.

            	Don’t ignore third-party risks: Using third-party data providers or GenAI technology has risks, including data security, privacy concerns, and vendor reliability. Always vet external GenAI services thoroughly to ensure they align with your project’s standards and requirements.

            	Don’t exclude interested team members from AI initiatives: Fostering inclusion within the project team is key. Don’t exclude team members eager to learn and engage with GenAI. Their perspectives can contribute to a more well-rounded and inclusive adoption process, benefiting the project team.

          

          
            14.3.2 Benefits of GenAI in Project Management[3][4][5]
          

        

      

    

  

  
    	Improved Efficiency and Automation: GenAI allows project managers to automate routine tasks such as scheduling, task assignments, and report generation. This improves overall efficiency, allowing project managers to focus on more strategic decision-making and stakeholder management. GenAI can streamline tasks like reporting, risk identification, and resource allocation, reducing manual effort and minimizing human error. Automation tools integrated into platforms like Jira or Microsoft Project provide project teams with real-time updates, reducing manual work and the likelihood of human error. Additionally, AI-driven virtual project assistants can automate administrative tasks, suggest optimal resource allocation, and recommend adjustments to project plans based on real-time data, enhancing overall project execution.

    	Enhanced Decision-Making: GenAI leverages predictive analytics to assist project managers in making more informed, data-driven decisions. It can forecast potential project risks, budget overruns, and delays and provide recommendations for corrective actions. AI’s predictive capabilities are particularly valuable in complex projects where numerous variables are in flux. GenAI helps project managers proactively address risks and optimize project outcomes by providing timely insights. Furthermore, AI’s ability to prioritize projects based on data-driven predictions helps project managers focus on high-value initiatives that are more likely to succeed.

    	Real-Time Insights: GenAI offers real-time monitoring and analysis of project metrics, providing immediate insights into performance, resource utilization, and bottlenecks. These real-time insights enable project managers to take corrective actions promptly, preventing minor issues from escalating into significant problems. AI tools continuously monitor key project indicators, alerting project managers to potential schedule or budget deviations and ensuring that projects remain on track. For Project Management Offices (PMOs), AI can automate reporting and risk assessments, enabling faster responses to project developments.

    	
      Improved Risk Management
      : AI can analyze historical project data and identify patterns that may indicate future risks. This proactive approach enables project managers to implement mitigation strategies early, reducing the likelihood of unforeseen issues impacting project delivery. AI-driven risk management tools can propose actions to mitigate potential risks based on past data and current trends.
    

    	Personalized Resource Allocation: GenAI provides more granular insights into team performance and workload distribution, helping project managers optimize resource allocation based on real-time data and team capacity. This results in improved overall productivity and more efficient resource use.

    	Enhanced Collaboration and Communication: GenAI tools facilitate communication across teams by automating updates, generating status reports, and offering suggestions for improved workflows. This makes collaboration smoother, especially for distributed teams. AI can also assist in stakeholder analysis, providing insights into stakeholder sentiment and engagement levels.

    	Adaptive Learning and Continuous Improvement: Over time, GenAI learns from historical project data and evolving project dynamics, helping project managers continuously refine processes, improve forecasting accuracy, and enhance project efficiency through adaptive insights. This leads to a more agile and responsive project management approach.

    	Scenario Simulation and Risk Mitigation: GenAI can simulate various project scenarios, allowing project managers to test different strategies and evaluate potential outcomes before implementation. This helps them understand the impact of decisions and mitigate risks proactively. Simulations can explain how scope, schedule, or resource changes affect project success.

  

  14.3.3 Challenges of GenAI in Project Management[6][7]

  
    	Stakeholders’ Lack of Understanding: A significant challenge with GenAI implementation is the knowledge gap among stakeholders, including project sponsors and team members. If stakeholders don’t fully understand how GenAI works or the value it brings, they can resist its adoption.

    	Skewed Perceptions and Misconceptions: Misconceptions about GenAI’s capabilities—such as expecting it to handle all aspects of project management without human oversight—can lead to unrealistic expectations. Similarly, concerns about job displacement can create resistance among team members.

    	AI Hallucinations: GenAI can sometimes produce “hallucinations” or incorrect outputs, especially when dealing with ambiguous or incomplete data. If the outputs are not carefully reviewed and cross-validated, they can mislead project managers. LLMs like ChatGPT can generate factually incorrect or nonsensical information that appears plausible. This can create significant risks if these hallucinations are not properly scrutinized and are used in decision-making without sufficient human oversight.

    	Data Privacy and Security Concerns: GenAI tools often require access to sensitive project data. Ensuring that this data is protected is critical. Generative AI may expose sensitive information, leading to privacy breaches and unauthorized access. Data leakage can pose significant ethical and legal challenges, especially if organizations do not enforce strict data governance and security protocols.

    	Over-Reliance on Automation: Relying too heavily on GenAI for decision-making without proper human oversight can lead to poor judgment, especially in complex, nuanced situations. Automated decisions might lack the human touch needed for stakeholder management or cultural considerations in projects. Over-reliance on AI can diminish essential human skills like creativity and critical thinking. Moreover, automation bias may occur, where project managers might trust AI-generated recommendations without adequate validation.

    	Integration Challenges with Existing Systems: Integrating GenAI tools into existing project management platforms or workflows can be difficult, especially if the systems are not compatible or flexible enough to adapt to specific project needs.

    	Bias in AI Models: AI systems are only as good as the data they are trained on. If the training data has inherent biases, the GenAI system may produce biased recommendations, leading to unfair or skewed decision-making in project management.

    	Lack of Adequate Training: Many project managers may not have the technical skills needed to use GenAI tools effectively, which can limit adoption and lead to underutilization.

  

  14.3.4 What to Consider to Mitigate or Overcome the Challenges

  
    	Data Quality and Availability: It is crucial to ensure that high-quality, relevant data is available for AI tools to process. Poor data can lead to flawed outputs. For example, if a GenAI system is tasked with generating project risk assessments but is fed outdated or incomplete historical project data, it may overlook emerging risks or misidentify trends. Organizations must improve data governance to prevent this and ensure that project data is clean, accurate, and regularly updated. Implementing robust data validation procedures and automated data-cleaning algorithms can help maintain high data quality standards.

    	Verify Data Sources: To avoid inaccuracies, it’s critical to verify the data sources used in GenAI systems. For instance, using unverified or biased data when forecasting project delays could result in incorrect predictions and poor decision-making. Ensuring project data comes from trustworthy systems—such as enterprise resource planning (ERP) systems or validated project management tools—reduces the risk of GenAI producing flawed outputs. Organizations can also create a process where data sources are regularly reviewed and updated to ensure the accuracy and relevance of the information feeding the AI.

    	Choosing and Integrating AI Models: Before choosing a GenAI model, assessing the organization’s specific needs and project complexity is important. For example, if a company manages software development projects with frequent scope changes, they might benefit from a model that excels in agile environments and predictive analytics. Running pilot tests of the GenAI model in smaller projects can help project managers evaluate its effectiveness in real-world scenarios. Collaborating with cross-functional teams (e.g., IT, data science, and project management) can also help set clear expectations for what GenAI will deliver. For instance, ensuring the AI’s output integrates seamlessly with existing project management tools like Jira or Microsoft Project is critical to its success.

    	Ensuring Fairness and Avoiding Bias: AI systems can reflect the biases in the data they are trained on, which may lead to biased decision-making. For example, suppose an AI model used for resource allocation is trained on historical data that reflects past gender biases when assigning leadership roles. In that case, it may perpetuate this inequality by making similar biased recommendations. Organizations should regularly conduct ethical assessments of their AI systems to mitigate these risks, ensuring that the data used is as diverse and inclusive as possible. This could involve including data from various industries, geographies, and demographic groups to ensure the AI’s decisions are fair. Additionally, diverse stakeholder input during model development can provide alternative viewpoints highlighting potential biases.

    	Safeguarding Sensitive Data: Organizations must prioritize data security and compliance when using GenAI, especially if the AI processes sensitive project data, such as budget or personal employee details. For example, a data breach could lead to severe privacy violations if a healthcare company uses GenAI for project scheduling that includes patient data. Organizations should implement strong encryption protocols for data storage and transmission to prevent such scenarios, conduct regular security audits, and ensure strict authentication controls. Implementing role-based access controls can also ensure that only authorized personnel can access sensitive project data, thus reducing the risk of unauthorized exposure.
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14.4 Future of GenAI in Project Management


  
  Everyone strongly agrees that AI, in particular GenAI, will be utilized by more and more people and organizations, and those who cannot utilize it will be outperformed by those who can. AI market size is expected to reach $1,339 billion by 2030, experiencing substantial growth from its estimated $214 billion revenue in 2024[1]. According to the Forbes Advisor’s survey of 600 business owners in 2023, most business owners reported that AI would benefit their businesses, such as improving customer relationships (64%), increasing productivity (64%), and increasing sales (60%)[2]. In 2019, Gartner estimated that “by 2030, 80% of the work of today’s project management (PM) discipline will be eliminated as AI takes on traditional PM functions such as data collection, tracking, and reporting[3].” Thus, it is vital for all professions, including project managers, to learn how to utilize this powerful tool effectively. In an October 2023 article referring to the 2023 PMI Annual Global Survey on Project Management, it was indicated that 21% of respondents said they are using AI, 82% of senior leaders said AI would have at least some impact on projects, and 91% believe AI will have at least a moderate impact on the profession[4]. This article highlighted three areas that project managers could leverage the potential of existing GenAI tools:

  
    	Automation of low-complexity tasks that require little human intervention in their final output.

    	Assistance to complement analysis, get first drafts for expert review and iteratively build the expected output for a particular task.

    	Augmentation to help project managers perform more complex and strategic tasks specific to the organization or topic, such as creating outstanding business cases for projects and supporting complex decision-making with many interdependencies and variables.

  

  Six aspects of project management that will be disrupted can be listed as follows[5]:

  
    	Better selection and prioritization to understand which projects will bring the most value to the organization

    	Support for the project management office

    	Improved, faster project definition, planning, and reporting

    	Virtual project assistants

    	Advanced testing systems and software

    	A new role for the project manager who embraces these changes and takes advantage of these new technologies

  

  Integrating GenAI into project management is no longer a distant possibility but an emerging reality rapidly transforming the field. The substantial growth of AI technology and its applications across industries highlights the urgency for project managers to adapt and leverage these tools to remain competitive. From automating routine tasks to providing strategic insights, GenAI offers a wide range of benefits that can streamline processes, enhance decision-making, and improve overall project outcomes. As AI continues to evolve, project managers who embrace these changes and invest in learning how to use AI effectively will be better equipped to lead their organizations into the future. Those who fail to adopt these innovations risk being left behind in an increasingly AI-driven business environment. By focusing on the key areas of disruption and capitalizing on the capabilities of GenAI, project managers can enhance their roles and drive significant value for their organizations.
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14.5 Key Takeaways


  
  
    
      Key Takeaways

    

    
      
        	Generative AI (GenAI) revolutionizes project management by automating tasks, improving decision-making, and generating insights.

        	Project managers must understand GenAI models and their applications, including ethical considerations and data integrity issues.

        	Developing strategies for effective GenAI integration into project workflows is critical for optimizing project outcomes and adapting to an AI-driven future.

      

      14.1 Generative AI (GenAI)

      
        	GenAI creates new content (text, images, code) by identifying and mimicking patterns from training data, with models like Large Language Models (LLMs), transformer-based models, and autoregressive models at the forefront.

        	Key types of GenAI models include LLMs for text generation, transformer-based models for complex tasks like speech synthesis and image generation, and diffusion models for detailed image creation.

        	GenAI represents a distinct and advanced form of narrow AI, focused on generating novel data rather than classifying or predicting based on existing data.

      

      14.2 How Project Managers Can Utilize GenAI

      
        	Prompt engineering is crucial for guiding AI tools to produce useful outputs. Specificity, context, and iterative refinement improve the quality of GenAI-generated responses.

        	Project managers can use GenAI to create project charters, estimate story points in agile projects, calculate earned value metrics, and generate Gantt charts.

        	GenAI supports predictive project management by offering insights into key performance metrics, while its role in agile methodologies enhances adaptive learning and collaboration.

      

      14.3 Benefits and Challenges of GenAI in Project Management

      
        	GenAI enhances project management by automating routine tasks, improving efficiency, and allowing project managers to focus on strategic decision-making. It provides real-time insights and predictive analytics for better decision-making, optimizing resource allocation, and improving risk management through data-driven predictions.

        	Key challenges include stakeholders’ lack of understanding, misconceptions about AI’s capabilities, AI hallucinations, and the risk of biased outputs. Additionally, concerns about data privacy and security, over-reliance on automation, and difficulties in integrating AI with existing systems must be addressed to ensure successful AI adoption in project management.

      

      
        
          
            
              
                	
                  To effectively leverage GenAI in project management, organizations must ensure data quality by validating sources and maintaining updated accurate data, select AI models tailored to project needs through pilot tests and cross-team collaboration, and conduct regular ethical assessments to reduce bias.
                

              

              
                14.4 Future of GenAI in Project Management
              

              
                	The adoption of GenAI is rapidly transforming project management, with automation, enhanced decision-making, and virtual project assistants reshaping traditional roles. Project managers who leverage these tools will remain competitive, driving efficiency and strategic insights, while those who fail to embrace AI risk being left behind in an increasingly AI-driven business landscape. By investing in GenAI and focusing on key areas of disruption, project managers can significantly enhance their contributions to organizational success.

              

            

          

        

      

    

  

   

  




  
  





14.6 Multiple-Choice Questions


  
  There are 8 questions for Chapter 14.  As you submit each answer, you will get immediate feedback (correct answer) and be taken to the next question. 

  

  
    
    An interactive or media element has been excluded from this version of the text. You can view it online here:
https://pressbooks.ulib.csuohio.edu/projectmanagement2ndedition/?p=1032

  

  

  




  
  





14.7 Exercises


  
  
    
      
        Exercise 1: GenAI in Agile Project Management
      

    

    
      A fictional startup, TechVerse, is developing a mobile app for remote team collaboration. The app includes task management, video conferencing, and file-sharing features. TechVerse’s project manager has incorporated Generative AI (GenAI) tools to enhance the agile project management process.

      The project team uses a Large Language Model (LLM) like ChatGPT for the following tasks:

      
        	Generating user stories for each feature.

        	Estimating story points based on complexity, effort, and dependencies.

        	Creating burndown charts to monitor sprint progress.

        	Summarizing daily stand-ups to share updates with stakeholders.

      

      However, during the first sprint, the project team identified challenges with:

      
        	Bias in AI-generated story points due to insufficient context in the prompts.

        	Hallucinations in the summaries that led to inaccurate information being shared with stakeholders.

        	Limited understanding among team members on how to refine prompts for better outputs.

      

      Questions

      
        	List two ways TechVerse benefited from using GenAI tools in their agile project management process.

        	What challenges did TechVerse face when using GenAI tools, and how could these challenges be mitigated?

        	Propose a better prompt to refine the accuracy of story points generated by the LLM.

        	What strategies could the project manager implement to avoid hallucinations in AI-generated summaries?

      

    

  

  
    
      
        Exercise 2: GenAI in Predictive Project Management
      

    

    
      
        
          
            
              GlobalBuild Inc., a construction company, is planning a large-scale project to build a new corporate headquarters. The project manager decided to use GenAI tools for:

              
                	Developing a detailed project charter, including objectives, stakeholders, and deliverables.

                	Generating a Gantt chart for project scheduling.

                	Predicting potential risks and suggesting mitigation strategies using historical project data.

              

              During the planning phase, the following issues arose:

              
                	The project charter lacked key assumptions and constraints because the GenAI model was not provided with adequate context.

                	The Gantt chart had incorrect task dependencies, which led to delays in the planning phase.

                	Risk predictions were biased due to historical data reflecting outdated industry trends.

              

              Questions

              
                	How could GlobalBuild’s project manager improve the prompt given to the GenAI tool to develop a more comprehensive project charter?

                	Suggest a strategy to ensure that the Gantt chart generated by GenAI has accurate task dependencies.

                	What actions can the project manager take to reduce bias in the risk predictions provided by the GenAI tool?

                	Reflect on the overall value of using GenAI in GlobalBuild’s project management processes. What additional steps could the company take to maximize the benefits of GenAI?
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