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 Audience 

 This book is written for practicing project managers, project management students, and for those 
studying for the Project Management Professional certification (PMP®). The book is meant to help 
clarify and explain some of the more common techniques we employ in project management. It 
also describes some of the more specialized techniques that are not used as often, but that can be 
very useful in certain situations. 

 If you are a practicing project manager you may fi nd it useful to read up on specifi c techniques 
to get a deeper understanding of how to apply them. You may want to fi nd out more about a whole 
category of techniques, such as data representation or estimating. 

 If you are a student of project management you can use this book to help you understand tech-
niques presented in class and how to apply them. 

 Professionals studying for the PMP will benefi t by gaining an in-depth understanding of many of 
the techniques you will fi nd on the exam.  

  What’s in This Book 

 There are more than 125 tools and techniques mentioned in the  PMBOK ®  Guide  – Sixth Edition. 
Many of them are in one of these six groups: 

•	   Data gathering 
•	   Data analysis 
•	   Data representation 
•	   Communication skills 
•	   Decision-making skills 
•	   Interpersonal and team skills   

 This book uses some of the same categories, but not all. This book also adds a group of tech-
niques we call Estimating. Techniques that are not in any category are put into a section called 
“Other.” You will see the following categories in this book: 

•	   Data gathering 
•	   Data analysis 
•	   Data representation 
•	   Estimating 
•	   Interpersonal and team skills 
•	   Other techniques   

    Introduction       



 x   Introduction

You will not see all the 125+ techniques that are in the Guide to the Project Management Body 
of Knowledge (PMBOK® Guide) described in this book. Some of the techniques are just too vague 
to describe, such as expert judgment, quality improvement methods, or meetings. Some tech-
niques are so descriptive that you don’t really need anyone to explain them, such as ground rules, 
financing, or feedback. Some techniques are not included because they are general management 
techniques, for which volumes have already been written, for example, leadership, negotiation, and 
team building.

What you will find in this book is a description of 57 techniques that are used in managing 
projects. Some of them are used on almost every project, such as analogous estimating and 
rolling-wave planning. Others are more specialized, such as what-if analysis and the to-complete 
performance index. The techniques in this book are focused on predictive life cycles; in other 
words, we did not include Agile or adaptive techniques. This decision was made based on survey-
ing potential users who rated the Agile techniques as low value, because Agile techniques are best 
described in a book that is dedicated to the topic of Agile.

Structure

Each section starts out with an introduction. The techniques are then presented in alphabetical 
order. They are not shown in the order you would build on to learn about them. For example, to 
learn about scheduling you would probably read in this sequence:

 1. Precedence diagramming method (Section 6.6)
 2. Leads and lags (Section 6.5)
 3. Some, or all, of the duration estimating methods (Sections 4.1, 4.2, 4.5, and 4.7)
 4. Critical path method (Section 6.2)
 5. Resource optimization (Section 6.9)
 6. Schedule compression (Section 6.11)

However, we needed to have a consistent way to present information, and alphabetically 
seemed like the best option, given the different people who will buy this book.

Each technique starts with a description of what it is. Following this are step-by-step instruc-
tions on how to use the technique. After the instructions you will see an example of how it can be 
used. There is some additional information, and then a listing of where you will see the technique 
used in the PMBOK® Guide.

The examples are all based around one of eight scenarios. There is an appendix in the back of 
the book that provides a brief overview of each scenario. The scenarios are:

•	Constructing a childcare center
•	Meeting company growth needs
•	Developing an exam preparation video
•	Developing an intranet website
•	Improving the process for an IT Help Desk
•	Putting in a new backyard
•	Expanding a PMO information system
•	Constructing a community medical center
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Some of the scenarios reference previous techniques, especially those that explain earned value 
techniques. You don’t have to read them in order, but if you are new to the technique, the previous 
sections are useful to help you understand the background information.

Every technique presented in this book can and should be tailored to your specific project, in 
your specific environment, and your specific organization. No two projects are alike. Use your expe-
rience to help you tailor the approach and the techniques to meet your needs.

For Lecture Slides of the Tools and Techniques, go to http://www.wiley.com/go/pmtools.
Good luck and may all your variances be positive!

http://www.wiley.com/go/pmtools
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1.0 Data GatherinG techniques

Data gathering is often the first technique we employ in a process. Before we can transform pro-
cess inputs into outputs we often need to gather additional information. In this context, an input is 
any document, information, or other item that is needed to conduct a process. An output is any 
document, information, product, or other item that is the result of a process.

Some of the data gathering techniques entail collecting data from individuals or groups, such as 
focus groups and brainstorming. Some techniques entail collecting information by using tools such 
as checklists and check sheets. Benchmarking and statistical sampling collect data from proce-
dures that have been performed many, many times by multiple people or even machines.

The techniques described in this section include:

•	Benchmarking
•	Brainstorming
•	Check sheets
•	Checklists
•	Focus groups
•	Statistical sampling

There are other data gathering techniques that are not described in this book because they are 
either not project specific, or they are in common use. For example, interviewing people, reviewing 
lessons learned and information from previous projects, and developing questionnaires and surveys 
are common techniques that are not applied in projects any differently than they would be in any 
other field. They are common enough that they don’t require further explanation or examples to 
clarify how they are employed.

As with all techniques, you can use multiple methods to gather data. Use the methods that are 
easiest to gather the most complete and accurate information you need for your project.



1.1 BenchmarkinG

What it is

Benchmarking is gathering data on the best in class, best in industry, or best in organization practices, 
processes, and products. The information is used as a target to improve processes, products, and 
results. Benchmarking is most often used in projects to collect requirements, establish quality metrics, 
establish cost and schedule targets, and establish stakeholder (especially customer) satisfaction targets.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Identify the process or metric that you want to improve. If you are developing a new product 
or improving an existing one, identify the aspect of the product you are gathering data about.

 2. If you are using benchmarks for improving performance, take a baseline measurement of your 
current performance.

 3. Identify areas in your own company, leaders in the industry, or leaders in other industries with 
similar processes. These are your “targets” to measure against. You may need to talk with 
industry peers, consultants, vendors, associations, or other resources to help you discover 
the industry leaders (targets).

 4. Depending on who and where your target is, and what you are benchmarking, you may be 
able to easily identify the best practices, such as when you are using a target that is internal 
to your organization. If the target is external, or even a competitor, you may need to gather 
business intelligence, work with a consultant, or find some other way to determine how they 
achieve their performance.

This is where the data gathering aspect of benchmarking stops. If you are working on a process 
improvement project that is built around achieving the benchmarks, you would develop a plan to 
implement a process that would help you reach the benchmark. If you are using the information for 
collecting requirements, the benchmark will provide information that will be prioritized along with 
other requirements.

Throughout the project, you can track how you are doing against the benchmark, especially if it 
is an easily measurable metric, such as cost per unit, time to produce, or quality defects.



 4   1.1 Benchmarking

Scenario: Your project is to help improve customer satisfaction  
with the phone support from the IT Help Desk.

You start your project by looking at the data from the satisfaction survey. You notice that the IT 
area with the lowest scores is the Help Desk, specifically anything to do with calling the Help Desk.

Employee Satisfaction Survey

Please rate your degree of satisfaction on a scale of 1 to 5. 1 = very dissatisfied and 5 = very 
satisfied.

Information Technology
help Desk

5 4 3 2 1

How satisfied are you with the quality of service from the Help Desk?

0.15 0.3 0.4 0.1 0.05

How satisfied were you with the hold time when you called the Help Desk?

0.05 0.1 0.3 0.4 0.15

How satisfied were you with the ability of the person to resolve your issue?

0.62 0.2 0.1 0.08 0

How satisfied were you with the timeliness of the issue resolution?

0.5 0.25 0.15 0.1 0

Do you feel the person on the phone understood your issue?

0.65 0.2 0.1 0.05 0

Did the person on the phone listen to you?

0.45 0.25 0.15 0.1 0.05

Could you understand what the person was saying?

0.55 0.2 0.2 0.05 0

If you left a message, was the return call timely?

0.25 0.25 0.35 0.1 0.05

security

hotline

5 4 3 2 1

How satisfied are you with the quality of service from the hotline?

0.82 0.15 0.03 0 0

How satisfied were you with the hold time when you called the hotline?

0.75 0.15 0.1

How satisfied were you with the ability of the person to resolve your issue?

0.8 0.15 0.05 0 0

How satisfied were you with the timeliness of the issue resolution?

0.87 0.1 0.03 0 0
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Do you feel the person on the phone understood your issue?

0.8 0.1 0.1 0 0

Did the person on the phone listen to you?

0.85 0.05 0.05 0.05  

Could you understand what the person was saying?

0.8 0.1 0.1 0 0

If you left a message, was the return call timely?

0.9 0.05 0.05 0 0

The satisfaction data shows only 62 percent of the people rate their experience in calling the 
Help Desk as a 4 or 5 on a scale of 1 to 5. You notice the security department has the highest 
satisfaction: 93 percent rate their experience as a 4 or 5 when calling the security hotline. You 
decide to use the security hotline as the benchmark for helping to improve the IT Help Desk 
practices.

additional information

This technique is often used with focus groups (Section 1.5), market research, academic research, 
surveys, and questionnaires.

PMBOK® Guide – Sixth Edition References

5.2 Collect Requirements
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1.2 BrainstorminG

What it is

Brainstorming is used as a technique for generating ideas and options and solving problems. It is 
generally a group activity that has a facilitator to manage the process. Brainstorming focuses on 
generating quantity, with the assumption that having a good quantity of ideas will lead to having 
a good-quality outcome. In the brainstorming session there is no criticism, all ideas are equal, and 
all are welcome, including those that seem like they are wild ideas. Various techniques can then be 
used to evaluate ideas gathered in order to help identify viable alternatives. Often during the pro-
cess ideas will build on each other and the synergy of the group will produce better results than one 
person, alone, could come up with.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment 
or to work with the brainstorming variation you choose.

 1. Identify the problem, goal, or outcome for the brainstorming session.
 2. All members of the group state their ideas.
 3. Record all ideas.

If time allows, the ideas can be elaborated, analyzed, or prioritized.

Scenario: You are managing a project to develop a new company intranet site.

As the project manager you want to get some ideas for content, design, and requirements. 
You bring in people from various departments to help brainstorm some ideas that you will later 
prioritize and send out for the rest of the organization to comment on.

You decide to use some variations on the traditional brainstorming technique by using a 
group passing technique, some electronic brainstorming, and individual brainstorming.

Group passing technique. To gather high-level requirements, you give each person a cat-
egory of requirements to work on. You ask each person to write down his or her requirements 
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additional information

Brainstorming can be used with focus groups (Section 1.5). Combining brainstorming with the 
nominal group technique (Section 5.3) allows the ideas to be prioritized for further elaboration or to 
reach a decision.

PMBOK® Guide – Sixth Edition References

4.1 Develop Project Charter
4.2 Develop Project Management Plan
5.2 Collect Requirements
8.1 Plan Quality Management
11.2 Identify Risks
13.1 Identify Stakeholders

and then pass it to the next person, who adds his or her requirements. This continues until 
everyone has commented on each category.

Individual brainstorming. Rather than being done in a group, individual brainstorm-
ing is done as an individual. This can take the form of free-writing, free-speaking, or drawing 
a mind map (Section 3.6). You ask your brainstorming group to come up with some ideas for 
the design and graphical user interface (GUI) for the website. You tell them they can use free- 
writing, picture creation, mind mapping, or any other form of communication for their ideas.

Electronic brainstorming. In this brainstorming technique you ask the group to contrib-
ute in an online environment. You post the content topic in an online bulletin board or chat 
room and people respond. Electronic brainstorming can permit a large number of ideas to be 
gathered very quickly because there is no turn-taking. People can respond as soon as they 
see other ideas, and the energy can build on itself. Electronic brainstorming has been found 
to generate more ideas and be of greater quality than in-person brainstorming. However, it 
requires a moderator to ensure anonymity does not lead to disrespectful interactions. Electronic 
brainstorming can also take place over a longer period of time, allowing for more reflection. 
You choose how long to allow the bulletin board to be posted, allowing people to log in and 
contribute as they are able.



1.3 check sheets

What it is

A check sheet is a tally sheet that is used to collect data. It can be used to collect data about 
defects or to keep track of completing steps in a process.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Identify the types of defects (or other variables) you are looking to tally and enter these in 
Column 1 of a spreadsheet. You would start this in cell A2 and continue with A3, A4, and so on.

 2. The top row can indicate either frequency (enter “Frequency” in cell B1) or, if you are tracking 
locations or days of the week, hours of the day, or some other variable, enter each of these in 
the top row starting with cell B2. Follow with B3, B4, and so on.

 3. Observe the process, outputs, or deliverables.
 4. Indicate the source of the defect and put a mark in the appropriate cell.
 5. Tally the rows and columns.

Scenario: Your project is to help improve customer satisfaction  
with the phone support from the IT Help Desk.

To understand the reason behind the IT Help Desk complaints you create a check sheet to tally 
the number of complaints, by reason and by department. The number of complaints by reason 
are totaled, as are the number of complaints by department.

IT Help 
Desk

Security 
Hotline

Legal 
Info Line

Maintenance 
Trouble Line Total

Call was dropped IIIIIII I III 0 11

Tech did not listen to me IIII 0 IIIII II 11
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additional information

Check sheets can be used to show the distribution of defects, and can then be arranged in a his-
togram (Section 3.4) or Pareto chart showing the frequency of defects by cause, location, or other 
variable.

PMBOK® Guide – Sixth Edition References

8.3 Control Quality

IT Help 
Desk

Security 
Hotline

Legal 
Info Line

Maintenance 
Trouble Line Total

On hold too long IIIIIIIIIIIIIIIIIIIIII III IIIIII IIIIIIII 39

Couldn’t understand 
technician

IIIIII II IIII III 15

Could not help with my issue IIIIIIIIII III IIIIIIII III 24

Did not return my call in a 
timely manner

IIIIIIIIIIIII 0 II IIIII 20

Total 62 9 28 21 120



1.4 checklists

What it is

A checklist is a list of activities, steps, or procedures that need to be done. It is often used as a 
reminder.

hoW to use it

In projects, checklists are used to reduce or eliminate risks or defects. They contain a series of 
steps that must be taken, or processes that must be completed.

Scenario: You are managing a project to develop a new company intranet site.

This example shows some of the items that must be completed in updating an intranet website. 
This is only an example; all checklists should be tailored to your specific environment.

Collect stakeholder requirements
Map inbound links
Create new content as necessary
Upload content to new site
Develop tags and metadata
Check all links
Create XML/HTML sitemaps
Test speed
Check for mobile access
User acceptance testing
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additional information

A few of the downfalls associated with using checklists are:

•	People can rely on the checklist and fail to look outside the items on the checklist for other 
risks or causes of failure. Use the checklist as a starting place, not an ending place.

•	Over-reliance on checklists can replace common sense or critical thinking. A checklist can 
act as a prompt, but should not take the place of looking at a situation and taking appropriate 
actions.

Therefore, checklists should only be used as a starting point in many project situations. Team 
members should continue to identify sources of risks and defects.

PMBOK® Guide – Sixth Edition References
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1.5 Focus Groups

What it is

A focus group is a group of prequalified people who are brought together to provide information 
about a product, service, or result. A professional moderator uses a question guide to focus the 
direction of the questions. The moderator also observes behaviors and nonverbal cues and records 
them in her observations.

hoW to use it

Focus groups are most commonly used for new product or new service development. They 
may be part of a market research campaign to gather requirements or to provide insight into 
customer opinions, expectations, desired benefits, underlying assumptions, common views, 
and so forth.

 1. Establish your goals or desired outcomes for the focus group.
 2. Develop a discussion guide that provides a focus for the group, but also allows some open 

conversations that are not driven by the moderator.
 3. Find a qualified moderator. You may want to hire a professional moderator to lead the group. 

Your moderator should have at least these qualifications:
a. The ability to be friendly, nonjudgmental, flexible, and open. He or she needs to stay on 

topic, ask open-ended questions, and manage the conversation so it is productive and not 
combative.

b. He or she should have some understanding of the new product or service, but not have a 
vested interest in the outcomes.

 4. Determine how to record the session, either with video, audio, or a note-taker.
 5. Set up the meeting logistics such as time, location, date, and duration.
 6. Identify and invite the participants. Ideally you want a cross section of potential end users and 

customers.
 7. At the opening of the meeting:

a. Thank participants for attending.
b. Review the purpose of the meeting.
c. Review the flow of the meeting, guidelines, ground rules for participation, and so forth.



1.5 Focus Groups   13  

 8. During the meeting:
a. Ask open-ended questions to start a topic; use closed-ended questions to gain clarity.
b. Make sure everyone is participating. You may need to call on some people to get their feedback.
c. Summarize information, rephrase questions if necessary, employ active listening, and ask 

for comments about responses.
d. Ask if there are any other comments or thoughts before moving on, and before wrapping 

up the meeting.
e. Thank the participants for coming.

 9. Assess the data and look for patterns, themes, unexpected outcomes, and new questions 
that may have arisen.

Scenario: You are the project manager for a project to implement a  
childcare facility for your organization’s employees.

The Project Charter has been developed. You are meeting with 12 parents at your organization 
who currently use childcare facilities. They work in different departments, have children from 
three months old to four years old, and hold a variety of jobs.

You want to use the focus group to understand the expectations and attitudes about the 
curriculum, play time activities, and food. You decide to be the note-taker and you have asked 
Roberta, the Director of Human Resources, to facilitate the session. Roberta doesn’t have a 
personal relationship with any of the participants and she is skilled in listening, drawing people 
out, and creating a nonjudgmental environment.

You set up the meeting for lunch time two weeks in the future. You will provide pizza and 
soda for the participants. Roberta opens the meeting with general questions about what people 
are looking for in a childcare facility. From there she asks questions about the ratio of skill devel-
opment versus playtime, the types of indoor and outdoor play time equipment the parents 
would like to see, and their thoughts on snacks and lunches.

As the meeting closes the parents are excited about the new childcare center and make 
themselves available for any future questions. The information you gained will help you put 
together an RFP for playground equipment and food vendors. You will provide the information  
on the curriculum and skill development to the director of the childcare center to help him 
develop the roadmap for learning.

additional information

Some focus groups offer incentives, including cash for participation.
Focus groups generally provide broad qualitative information. The interactions and body lan-

guage provide a deeper understanding of people’s opinions than questionnaires. The qualitative 
information can then be analyzed and can be followed up with questionnaires and surveys to get 
quantitative data by asking ranking questions or closed-ended questions.

PMBOK® Guide – Sixth Edition References
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1.6 statistical samplinG

What it is

Statistical sampling is selecting a subset of a population to estimate characteristics and information 
about the whole population. Selecting a subset is a more time- and cost-efficient way to reach conclu-
sions about a group instead of asking each member of the group, or testing every physical component.

hoW to use it

Statistical sampling can be used to infer behavior of a group of people, or to infer the quality of a 
set of deliverables or components.

 1. Identify the population of interest.
 2. Identify the variables you want to measure.
 3. Select the sample size and method for selecting the sample population.
 4. Implement the sampling plan.
 5. Measure the variables from the sample.

The most effective ways to select your sample are to choose a random sample, or a systematic 
sample (such as every 15th person).

Scenario: You have been asked to meet the physical growth  
needs of Top Dog Project Services.

One of the options you are reviewing to meet the growth needs of all the offices is to develop 
a work-from-home program. Before establishing the requirements and policies for the program 
you want to get an idea of how many people work from home after hours or on weekends. You 
also want to see, on average, how many hours people are active on their computer during the 
workday. You think it would be useful to have this information broken out by department.

First you identify the locations that have employees that will be eligible to work from home. 
You identify four locations that have employees who would be eligible for the program. You 
determine that the total number of employees who would be eligible to work from home is  
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additional information

When you are selecting your sample, try to ensure you don’t have over-coverage or under-coverage 
of a particular trait or bias in your sample.

There is a wide body of information on selecting sample sizes for statistical sampling. For the 
most part, in project management we don’t have to be extremely precise. We mostly use the infor-
mation to give us a general idea of a population’s characteristics. For projects that require Six 
Sigma–type measurements, you will need to be a lot more precise in selecting the sample and 
defining the variables you want to measure.
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250 people. That is your population of interest. You decide that you need at least three people 
from each department as a minimum. For departments with more than 30 people, you decide 
to identify one person for every ten people in the department.

You meet with the Corporate Director of Information Services and tell him your sampling 
parameters. He agrees that these are reasonable measures and confirms that he can provide 
the information anonymously so that no one’s personal work habits are identifiable. He runs the 
sample for four weeks to get an idea of activity over time.





 Data analysis                                                     

            Part   2           



2.0 Data analysis techniques

Data analysis techniques are used to assess and evaluate data in order to discover or gain deeper 
information about a topic. They can also be used to support decision-making. We use many differ-
ent methods of data analysis in project management. Some of them are very broad, such as alter-
natives analysis and decision trees. Others are specific to a particular knowledge area, such as a 
stakeholder analysis or a make-or-buy analysis.

The techniques described in this section include:

•	Alternatives analysis
•	Cost benefit analysis
•	Cost of quality
•	Decision tree analysis
•	Earned value analysis
•	Influence diagrams
•	Make-or-buy analysis
•	Performance indexes
•	Regression analysis
•	Reserve analysis
•	Root cause analysis
•	Sensitivity analysis
•	Stakeholder analysis
•	SWOT analysis
•	Technical performance analysis
•	Variance analysis
•	What-if analysis

The techniques in this group can be some of the most challenging to master. Some of them 
can be quite complex, such as a sensitivity analysis or earned value analysis. Understanding what 
project data is telling you is critical to making good decisions. Therefore, the effort you put into data 
analysis can have a significant impact on the success of your project.

This book does not describe data analysis techniques that are very general and easy to under-
stand, such as document analysis or assumption and constraint analysis. It also does not cover 
techniques that require specialized knowledge or software, such as simulations (Monte Carlo analysis). 
The type of project you are working on, the availability of quality data, and in some cases specific 
software, will influence the data analysis techniques you can use on your project.



2.1 alternatives analysis

What it is

Alternatives analysis is a technique used to evaluate and select options or approaches to execute 
and perform project work. An alternatives analysis can be used at a high level; or you can apply 
a more rigorous approach that incorporates a matrix that identifies rating criteria and weighting 
factors. This technique can be used in several processes and in a wide range of industries.

hoW to use it

The steps below describe how to conduct an alternatives analysis using a matrix to weight evalu-
ation criteria. Use the steps below as a guideline. Tailor the steps as necessary to work within your 
environment. For example, you can apply this technique without weighting the evaluation criteria, in 
which case you would omit Step 3.2.

 1. Identify the problem or decision you are evaluating. For more information about decision-
making, refer to Section 5.2. For more information about problem solving, refer to Section 5.4.

 2. Define Solution Requirements. Often the Solution Requirements can be extracted from 
Requirements documentation, the Statement of Work, the Scope Statement, or other project 
documents. For information technology (IT) projects, “Use Cases” can also be used to identify 
the Solution Requirements.

 3. Define Evaluation Criteria and Weightings. The relevant stakeholders should provide input on 
the criteria they need in a solution or outcome. They should also provide weight values 
for each criterion. The project manager or business analyst often facilitates this process. The 
following steps are used to define and weight the selection criteria.
3.1. Identify the selection criteria.
3.2.  Develop a “weighted value” for each criterion. It is a best practice for all weights to add 

up to 100 percent, but this is not mandatory.
3.3.  Define the scoring algorithms to determine how effectively each alternative meets the 

selection criteria. For example, if low cost of ownership is a selection criterion, define 
how you would rate alternatives on this criterion on a scale of 1 to 5, with 1 being 
the highest cost option and 5 being the lowest cost option.

3.4.  Create a Scoring Matrix with a space for alternatives on one axis and the criteria and 
weighting on the other axis.
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 4. Identify Options and Conduct Market Research. To conduct market research, you can send 
out a Request for Information (RFI), hold meetings with vendors, perform Internet research, or 
talk with consultants.

 5. Conduct Initial Assessment, Score and Evaluate, and Eliminate Options. The initial assess-
ment can be used to narrow the field to the final one or two options, or it may provide you with 
the best solution, in which case you skip the next step.

 6. Conduct a Cost Benefit Analysis with Risk Adjusted Costs to Eliminate More Options. This 
step is used to evaluate the highest scoring options considering the various risks that each 
option contains. Depending on the size of the investment, it may be appropriate to conduct 
an extensive risk analysis on the potential solutions before finalizing a recommendation.

 7. Recommend Solution. The solution that scores the highest using the selection criteria and 
weighting, and has an acceptable risk profile, is presented to the stakeholder who has the 
authority to make the final decision. Sometimes this is the project manager, sometimes it is 
the sponsor or customer. The backup documentation and a summary of the process should 
be included with the recommendation.

The following examples demonstrate a relatively simple use of alternatives analysis, followed by 
a more rigorous example that incorporates weighted criteria to analyze the options.

Evaluating Time, Cost, and Resource Constraints

Scenario: You are managing a project to develop a new company intranet site.
You are analyzing whether to use in-house resources or outsource for higher-skilled resources 
that cost more per hour, and can accomplish the work faster. The relative importance of the 
schedule constraints, cost constraints, and resource availability are the solution requirements.

Option 1 assumes you have a team member with adequate skills who can accomplish a 
task in 80 hours. Her hourly rate is $45.

Option 2 assumes you can outsource the work and use a highly skilled resource that will only 
need 65 hours to accomplish the work. The higher-skilled resource has an hourly rate of $60.

By multiplying the rate times the duration you determine the cost of the in-house resource is 
$3,600. The cost of the outsourced, higher-skilled resource is $3,900.

If your solution requirements state that low cost is a higher priority than the schedule, or if 
you prefer to keep the work in-house, you should go with Option 1. If time is of the essence and 
you have room in the budget, you should go with Option 2.

Selecting a Cafeteria Management Service

Scenario: You are the project manager for a project to implement a childcare facility 
for your organization’s employees.
This example focuses on selecting a vendor to provide the food service for the Childcare Center 
cafeteria. Weighted solution (evaluation) criteria are used to evaluate vendors against a set of 
requirements for the cafeteria services.



2.1 alternatives analysis   21  

1. Define Solution Requirements. In this example, the requirements are:
•	 The service provider should have food options, with a preference toward fresh fruits and  

vegetables that are locally sourced.
•	 A reliable vendor, as determined by references.
•	 Pricing that is consistent with the market. Should be able to provide a healthy lunch for less 

than $5.
2. Define Evaluation Criteria and Weightings.

The selection criteria and weights are as follows:

•	 Healthy food options: 50 percent
•	 Locally sourced where possible: 15 percent
•	 Good customer feedback: 25 percent
•	 Competitive pricing: 10 percent

The scoring algorithms are:

Healthy Food 5 = 75% of the menu includes fruits, vegetables, grains, legumes, and lean meat. 
25% or less is frozen or processed.

4 = 66–74% of the menu includes fruits, vegetables, grains, legumes, and lean 
meat. 33% or less is frozen or processed.

3 = 50–65% of the menu includes fruits, vegetables, grains, legumes, and lean 
meat. 50% is frozen or processed.

2 = Most of the menu incorporates fried, frozen, or processed foods.
1 = Limited fresh options. Almost all food is fried, frozen, or processed.

Locally Sourced 5 = More than 75% is locally sourced within 100 miles.
4 = 66–74% is locally sourced within 100 miles.
3 = 50–65% is locally sourced within 100 miles.
2 = Most of the food is transported from greater than 100 miles.
1 = Almost all the food is transported from greater than 100 miles.

Good Customer 
Feedback

5 = 5 out of 5 references report they are happy with the vendor and would contract 
with them again.

4 = 4 out of 5 references report they are happy with the vendor and would contract 
with them again.

3 = 3 out of 5 references report they are happy with the vendor and would contract 
with them again.

2 = 2 out of 5 references report they are happy with the vendor and would contract 
with them again.

1 = 1 out of 5 references reports he is happy with the vendor and would contract 
with them again.

Price Lowest average price
Within 5% of lowest average price
Within 10% of lowest average price
Within 15% of lowest average price
Greater than 15% higher than lowest average price

(continued)
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Create a Scoring Matrix

vendor

Weight rating score rating score rating scorecriterion

healthy .50
locally sourced .15
customer Feedback .25
Price .10
total 1.0

3. Identify Options and Conduct Market Research. For this project you survey local busi-
nesses that provide onsite cafeterias. You find some national brands and some local vendors.

4. Conduct Initial Assessment, Score and Evaluate, and Eliminate Options. There are 
three vendors that respond to your request for proposal. You evaluate the proposals and score 
them based on the criteria and scoring algorithm.

vendor national Foods corp Jodi’s Kitchen organic options

criterion Weight rating score rating score rating score

healthy .50 2 1 3 1.5 4 2
locally sourced .15 3 .45 5 .75 4 .60
customer Feedback .25 4 1 3 .75 3 .75
Price .10 5 .5 4 .40 3 .30
total 1.0 2.95 3.40 3.65

5. Conduct Cost Benefit Analysis with Risk Adjusted Costs and Eliminate Options. 
Assume for this example that Organic Options had the highest score. You have learned that 
they have recently undergone a change in management. The previous management was not 
very responsive to customer requests. It appears that in the last four months with the new 
management, there has been a much higher satisfaction rating. This risk is evident by the fact 
that they only scored 3 for the customer feedback criteria. You decide that you can address 
this risk by developing a Service Level Agreement as part of the contract and that you can 
build in an exit strategy after six months if you are not satisfied with the customer service.

6. Recommend Solution. In this example, the scoring sheets and the recommendation for 
including the Service Level Agreement and the exit clause in the contract would be given to 
the decision maker.

additional information

Some organizations refer to the high-level identification of options as an alternatives analysis and 
the scoring and ranking as multi-criteria decision analysis. Alternatives analysis can be used at 
the start of the project to determine the best approach, during the project to assist in selecting a 
vendor, in quality management to identify options to respond to quality issues, and in risk manage-
ment to determine an acceptable risk response.

(continued)
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2.2 cost BeneFit analysis

What it is

A cost benefit analysis (CBA) is used to assess options that provide the best approach to achieving 
benefits while minimizing costs. It can be used to assess the viability of a project and to rank vari-
ous approaches or alternatives for meeting project objectives.

When looking from a short-range financial perspective, actual costs and benefits are assessed. 
When looking from the long-term perspective, the time value of money is taken into consideration. 
This is accomplished by converting future payouts and expenditures into the present value. Some 
projects take into consideration the life cycle cost of the product; others focus on the project 
costs.

When assessing whether to do a project, such as when preparing a business case, the pres-
ent value costs are subtracted from the present value benefits. The sum of benefits less the costs 
is called the net present value (NPV). If the NPV is positive, the project is expected to return a profit. 
The higher the NPV, the more profitable the project.

When assessing various approaches to a project, or responses to a risk, you can rank the pref-
erence of options by putting those with the highest NPV first.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. List the options you are evaluating.
 2. Document the costs for each year, for each option.
 3. Document the benefits (translated into currency) for each year, for each option.
 4. Apply a discount rate (the expected cost of money) for each year.
 5. Calculate the net present value by subtracting the costs from the benefits.
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Scenario: Your organization is updating its current PMO information system 
infrastructure with all new software, cloud computing, collaboration sites,  

and real-time reporting software.

The Director of Marketing wants to compare the benefits of the PMO information system with 
developing a new line of business by creating an online project management training curriculum.

For the PMO information system the initial investment is $750,000 and $45,000 per year to 
maintain. The benefits would not be available until the second year. The enhanced infrastructure 
is expected to generate revenue, as shown in the table, for Years 2 through 5 before needing to 
be replaced.

The online project management training investment is $325,000 in Year 1 and $35,000 
in Years 2 through 5 to maintain. You expect to have $1,500,000 in sales the first year and 
$3,500,000 in Years 2 through 5.

The table below shows the information presented above.

PMo upgrade virtual training

year Benefits costs nPv Benefits costs nPv

1 — 750,000 1,500,000 325,000
2 2,500,000 45,000 3,500,000 35,000
3 5,250,000 45,000 3,500,000 35,000
4 6,000,000 45,000 3,500,000 35,000
5 6,000,000 45,000 3,500,000 35,000

Total Total

The discount rate is 5 percent.
The table below shows the net present value, for Years 1 and 2, with the discount of  

5 percent applied starting in Year 2.

PMo upgrade virtual training

year Benefits costs nPv Benefits costs nPv

1 — 750,000 (750,000) 1,500,000 325,000 1,175,000
2 2,500,000 45,000 2,338,095 3,500,000 35,000 3,300,000
3 5,250,000 45,000 3,500,000 35,000
4 6,000,000 45,000 3,500,000 35,000
5 6,000,000 45,000 3,500,000 35,000

Total Total

Year 1 does not apply the discount rate, since all rates are based on current year informa-
tion. Thus, the NPV for Year 1 is the benefits minus the costs. Year 2 calculates the benefits 
minus the costs and then divides that total by 1.05 to account for the 5 percent discount rate.

Year 3 will take the benefits minus the costs and divide by 1.052. The following year, the divi-
sor will be 1.053. The final year, the divisor will be 1.054. The completed table is shown below.

(continued)
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additional information

This technique is also known as a benefit cost analysis. You may see it used with a cost of qual-
ity analysis (Section 2.3) or a make-or-buy analysis (Section 2.7). Sometimes a sensitivity analysis 
(2.12) is conducted on the option selected to see if it is stable, or subject to changes in variables.

Some of the pitfalls to be aware of when conducting a cost benefit analysis include:

•	Using estimates from outdated projects, or projects that are not similar, will lead to faulty 
estimates.

•	Subjectivity or bias in cost or benefit estimates can make the estimates unreliable.
•	Confirmation bias (looking for reasons to go forward with a project) can lead to more favorable 

estimates than are realistic.
•	Exclusion of significant upfront or maintenance costs can misrepresent the outcomes.

Be aware that the cost benefit analysis only looks at the financial impact of options. It does not 
take into account the intangible benefits and costs such as goodwill, morale, reduced turnover, 
social benefits, and so forth. Thus, the CBA is one technique to consider, but it is not the only 
method to assess the viability of a project or an approach.
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PMo upgrade virtual training

year Benefits costs nPv Benefits costs nPv

1 — 750,000 (750,000) 1,500,000 325,000 1,175,000
2 2,500,000 45,000 2,338,095 3,500,000 35,000 3,300,000
3 5,250,000 45,000 4,721,088 3,500,000 35,000 3,142,857
4 6,000,000 45,000 5,144,153 3,500,000 35,000 2,993,197
5 6,000,000 45,000 4,899,193 3,500,000 35,000 2,850,664

Total 16,352,530 Total 13,461,718

Given this information, the investment in the PMO upgrade is a better option because it has 
a higher net present value.

(continued)
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What it is

Cost of quality analysis is used to find the appropriate balance for investing in quality prevention and 
appraisal to avoid defects or product failures. There are four categories of costs associated with 
quality:

•	Prevention. Costs incurred to keep defects and failures out of a product.
•	appraisal. Costs incurred to determine the degree of conformance to quality requirements.
•	internal Failure. Costs associated with finding defects before the customer receives the 

product.
•	external Failure. Costs associated with defects found after the customer has the product.

The information below summarizes the types of costs and provides examples. This information 
is paraphrased from the American Society for Quality (ASQ).1

Prevention Prevention costs are incurred to prevent or avoid quality problems. These costs are asso-
ciated with the design, implementation, and maintenance of the quality management sys-
tem. They are planned and incurred before actual operation, and they could include:
•	 Product or service requirements—establishment of specifications for incoming materials, 

processes, finished products, and services
•	 Quality planning—creation of plans for quality, reliability, operations, production, and 

inspection
•	 Quality assurance—creation and maintenance of the quality system
•	 Training—development, preparation, and maintenance of programs

appraisal Appraisal costs are associated with measuring and monitoring activities related to quality. 
These costs are associated with the suppliers’ and customers’ evaluation of purchased 
materials, processes, products, and services to ensure that they conform to specifica-
tions. They could include:
•	 Verification—checking of incoming material, process setup, and products against agreed 

specifications
•	 Quality audits—confirmation that the quality system is functioning correctly
•	 Supplier rating—assessment and approval of suppliers of products and services

1 http://asq.org/learn-about-quality/cost-of-quality/overview/overview.html as of March 2, 2017.

(continued)
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internal Failure Internal failure costs are incurred to remedy defects that are discovered before the product 
or service is delivered to the customer. These costs are incurred when the results of work 
fail to reach design quality standards and are detected before they are transferred to the 
customer. They could include:
•	 Waste—performance of unnecessary work or holding enough stock to account for errors, 

poor organization, or communication
•	 Scrap—defective product or material that cannot be repaired, used, or sold
•	 Rework or rectification—correction of defective material or errors
•	 Failure analysis—activity required to establish the causes of internal product or service failure

external Failure External failure costs are incurred to remedy defects discovered by customers. These 
costs occur when products or services that fail to reach design quality standards are not 
detected until after transfer to the customer. They could include:
•	 Repairs and servicing—of both returned products and those in the field
•	 Warranty claims—failed products that are replaced or services that are re-performed under 

a guarantee
•	 Complaints—all work and costs associated with handling and servicing customers’ complaints
•	 Returns—handling and investigation of rejected or recalled products, including transport 

costs

hoW to use it

The costs associated with quality are often built into an organization’s infrastructure, policies, and 
procedures. It can be difficult to obtain that information for project analysis. Thus, for projects we 
usually use a cost of quality analysis when we are evaluating whether to invest more upfront for a 
more resilient product, or whether we want to get the work done quickly and absorb the time and 
cost associated with fixing issues later. This may be as simple as building in redundancy, going 
through an extra design or technical review, or outsourcing to a vendor to provide maintenance. 
Regardless of the outcome of your analysis, your decision needs to be aligned with organizational 
policies and stakeholder requirements.

When you are conducting a cost of quality analysis for your project, don’t include the costs 
already associated with the quality policy of the organization. For example, if your organization hires 
a vendor to come out and calibrate and maintain certain pieces of equipment on an annual basis, 
don’t include those costs in your “appraisal” costs for the project. Only include costs that are spe-
cific to the project.

 1. Identify all the costs associated with preventing or avoiding defects or quality problems. This 
includes prevention and appraisal costs. Consider such costs as higher-quality materials, a 
more robust design and review process, documentation, training, inspections, and audits.

 2. Identify all the costs associated with defects in the product. Include costs associated with 
scrap, rework, root cause analysis, warranty work, repairs, returns, and even possible law-
suits and loss of customers.

 3. Sum the costs of conformance (money spent to avoid failure) and the costs of nonconfor-
mance (money spent during and after the project because of failure).

 4. Choose the solution that shows the optimal balance for investing in cost of prevention and 
appraisal to avoid failure costs.

(continued)
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Scenario: Develop an eight-hour in-house training video to prepare  
employees for an industry certification.

The organization expects 150 employees to take the certification over the next four years. You 
plan on using employees who have already passed the exam as subject matter experts (SMEs) 
to develop the materials. You will also use your employees to present the material on video.

You assume this can be done in a classroom with two video cameras using the SMEs 
to present the material. You performed a 15-minute trial taping as a prototype (Section 6.8). 
The result was a video that had very poor sound quality. The material was acceptable and 
the employees did okay on camera, though they did require a few retakes to get acceptable 
results.

Based on the 15-minute trial taping results, you solicited several quotes from videogra-
phers, video studios, talent, editors, and directors. You will be presenting a cost summary and 
recommendations to the sponsor and want to justify your recommendations from a cost of 
quality perspective. The information in the table reflects the best value quotes based on the 
responses.

cost of conformance cost of nonconformance

Prevention internal Failure

Video package1 $12,000 Addendum2 $1,500
Includes director, editor, cameraman,  
and studio time
Talent $2,400

appraisal external Failure

Technical Reviewer $1,000 Re-testing3 $15,000

1. Assumes 16 hours of time to record 8 hours of video.
2.  Assumes you would need to publish a paper addendum correcting the misinformation and distribute it to all potential 

exam takers.
3. Assumes a 20 percent failure rate if content or delivery is not clear. Each retake of the exam is $500.

Based on these costs you are planning on recommending the video package and the tech-
nical reviewer as an optimal investment in quality for this project. You believe that with the 
director and editor that, your SMEs will do a good job of presenting the information; therefore 
you are not recommending hiring outside talent. While you feel confident that your SMEs can 
develop good material, you think the investment in having an outside expert review the content 
is a wise decision.

You assume that with the high-quality video production you will not have any external failure 
costs associated with poor quality. In other words, any failures will be based on the students’ 
lack of studying, not the company producing a poor product. This will result in the employee 
paying for the cost of retaking the exam. Thus, the cost of conformance is $13,000 (video 
package + technical reviewer) and the cost of nonconformance is $16,500.
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additional information

A cost of quality (COQ) analysis is often used in parallel with or instead of a cost benefit analy-
sis (Section 2.2). It may also be part of a make-or-buy analysis (Section 2.7). If you are using the 
COQ to evaluate multiple options, you may want to model the outcomes with a decision tree 
(Section 2.4).
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2.4 Decision tree

What it is

Decision tree analysis evaluates uncertainty using a diagram with branches that model various 
options or outcomes and their implications. In project management, we use it to evaluate which 
projects to invest in and which approaches to take, and to model uncertainty associated with cost, 
schedule, or risk events.

hoW to use it

 1. Identify the various scenarios or outcomes that could occur. In some situations, none of the 
outcomes may occur; however, the point is to develop a model that represents what could 
happen given the information you have at the time.

 2. Create a diagram where each option is a branch.
 3. Determine the probability of each scenario in each branch so that the total for each branch is 

100 percent.
 4. Determine the monetary value associated with each outcome.
 5. Multiply the probability times the monetary value of each outcome.
 6. Sum the outcomes for each branch to derive the expected monetary value of each option.

Remember, the decision tree is just a model of what could happen. It is not factual. It is a tech-
nique used to model uncertainty. As with any model, the fidelity is only as good as the data behind 
it. In other words: garbage in, garbage out.

Scenario: Your organization is updating its current PMO information  
system infrastructure with all new software, cloud computing,  

collaboration sites, and real-time reporting software.

You are evaluating whether to purchase new reporting software and customize it or to develop it 
in-house. This is your initial branch.

(continued)
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Decision

Develop In-
House or
Purchase

In-House

Purchase

In-House vs. Purchase

If you develop in-house, you risk losing resources to other projects. Based on the current 
environment, you assume there is a 50/50 chance that you’ll lose 40 percent of your staff.

Decision

Develop In-
House or
Purchase

In-House

Purchase

In-House vs. Purchase Resource availability vs.

Customization

Available

Lose 40%

50%

50%

If you keep your staff, developing software will cost $172,000. If you lose staff, you have to 
hire outside contractors, and developing software will cost $208,000.

(continued)
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Decision

Develop In-
House or
Purchase

In-House

Purchase

In-House vs. Purchase Resource availability vs.

Customization

Available

Lose 40%

50%
$172,000

50%
$208,000

By multiplying the probability of each branch times the value of each branch you get the 
expected monetary value of each branch. Add the value of each branch to get the expected 
monetary value of developing in-house.

Decision

Develop In-
House or
Purchase

In-House

Purchase

In-House vs. Purchase Resource availability vs.

Customization

Net Path

Value

Available

Lose 40%

50%
$172,000

$208,000

$190,000

$86,000

$104,000
50%

If you purchase ready-made software, there is uncertainty about the amount of customiza-
tion you will have to do to get the software to work with your systems. There is a 60 percent 
chance that you will have to do only a little customization, which would bring the total cost to 
$152,000. There is a 40 percent chance that you will have to do a lot of customization, which 
would bring the total cost to $188,000.

(continued)
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Decision

Develop In-
House or
Purchase

In-House

Purchase

In-House vs. Purchase Resource availability vs.

Customization

Net Path

Value

Available

Lose 40%

50%
$172,000

$208,000

$190,000

$86,000

$104,000
50%

Little
customization

Much
customization

60%
$152,000

$188,000
40%

To calculate the expected value, add the values of each branch under the “purchase” 
option.

Decision

Develop In-
House or
Purchase

In-House

Purchase

In-House vs. Purchase Resource availability vs.

Customization

Net Path

Value

Available

Lose 40%

50%
$172,000

$208,000

$190,000

$86,000

$104,000

$166,400

$91,200

$75,200

50%

Little
customization

Much
customization

60%
$152,000

$188,000
40%

Your decision would be to purchase software because the expected monetary value is 
lower.

(continued)
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additional information

Remember, sometimes the monetary values and the probability estimates are not precise. To build 
a decision tree you need to develop a deterministic estimate, even though you may have a range 
of possible outcomes. A deterministic estimate is a single point estimate, rather than a range of 
estimates.

The decision tree used in the example has a lot of uncertainty built into it. Some decision trees 
have more definitive information, such as interest rates associated with purchasing versus leasing or 
hiring versus using contract labor.

A decision tree is often used to model “expected monetary value” information. You can also use 
it to model cost of quality (Section 2.3), make-or-buy decisions (Section 2.7), risk responses, and 
what-if scenarios (Section 2.17).
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2.5 earneD value analysis

What it is

Earned value analysis is a technique that integrates scope, schedule, and cost information into sin-
gle measures to assess the status of project performance. A full-scale implementation of an earned 
value management system is a complex undertaking. For ease of explanation we will keep the 
descriptions simple.

To conduct an earned value analysis you need to have planned the work so that each work 
package [the lowest level of the work breakdown structure (WBS)] has cost and duration estimates. 
The work is then scheduled and the costs are allocated to the time period in which the work is 
scheduled. The information below shows the work packages for landscaping a backyard. The work 
packages are on the left, the duration (in days) is shown in the shaded areas, and the costs associ-
ated with the work are indicated in the duration.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Deck Frame $2,400
Deck surface $2,400
vegetables $1,500
trees $1,800
Flowers $1,000
Grass $1,500
hardscape $1,500

This integration of the approved scope, schedule, and cost for the project is called a perfor-
mance measurement baseline (PMB). The PMB is used to measure cost and schedule progress. 
The PMB shows the planned value for each work package at a given point in time. Planned value 
(PV) is the authorized budget assigned to scheduled work. The planned value for the deck frame at 
the end of Day 4 is $2,400. Assuming an even distribution of work, the planned value for the deck 
surface is $800 at the end of Day 6 (assuming that each day $400 of work is scheduled). Thus, the 
cumulative PV at the end of Day 6 is $3,200.
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hoW to use it

Once the PMB is complete you can start measuring progress against it.

 1. Identify the value of the work that was accomplished during the work period. This is called the 
earned value. In the example above, if the deck frame was finished at the end of Day 3, the 
earned value (EV) at the end of Day 3 would be $2,400. That is because the value of the deck 
frame is $2,400 and it is complete, therefore you have earned $2,400 worth of value.

 2. Analyze the schedule performance by comparing the earned value with the planned value. 
If you earned less than you planned, you are behind schedule. If you earned more than you 
planned, you are ahead of schedule. The mathematical equation is EV – PV = Schedule 
Variance (SV).

 3. Determine the amount you spent to accomplish the work. You can do this by looking at 
invoices, hours spent and the rate per hour, bills of material, and any other costs that went 
into developing the budget for the work. The amount you spent is called the actual cost (AC).

 4. Analyze the cost performance by comparing the EV and AC. If you spent more than you 
earned, you are over budget. If you spent less than you earned, you are under budget. The 
mathematical equation is EV – AC = cost variance (CV).
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The cumulative total at the end is called the budget at completion (BAC). Thus, the BAC for the 
construction work is $126,000,000.

Assume that it is the end of August in Year 1. Your PMB shows you have a cumulative 
planned value of $78,000,000. Your earned value shows you have completed the groundbreak-
ing, the foundation, the steel frame, and 85 percent of the shell. The table below summarizes 
the results:

Work Planned value Percent complete earned value

Groundbreaking 4,500,000 100 4,500,000

Foundation 15,000,000 100 15,000,000

Steel Frame 18,000,000 100 18,000,000

Shell 40,500,000 85 34,425,000

total 78,000,000 71,925,000

Notice that you haven’t indicated expenses for the work done, only the PV and the EV. The 
actual cost is determined by totaling the invoices to see what has been paid. In this case, the 
invoices show that the groundbreaking, which is on a fixed price contract, cost the same as 
the estimate ($4,500,000). The foundation had an overrun of $874,000. The steel frame and 
shell are also overrunning their cost estimates. The actual costs for the work to date are shown 
below:

Work Planned value Percent complete earned value actual costs

Groundbreaking 4,500,000 100 4,500,000 4,500,000

Foundation 15,000,000 100 15,000,000 15,874,000

Steel Frame 18,000,000 100 18,000,000 18,952,250

Shell 40,500,000 85 34,425,000 36,105,800

total 78,000,000 71,925,000 75,504,150

By looking at the table above, you can intuitively determine that things are not going well. 
It is obvious that the project is earning less than planned and the cost is greater than the value 
earned. With earned value techniques, you can make some simple calculations to quantify the 
results.

We will look at the cost and schedule variances to determine how far behind and how much 
overbudget the project is running. To measure schedule performance, compare the EV to the 
PV. To measure cost performance, compare the EV against the AC. We will apply the cumula-
tive PV, EV, and AC information to the equations for cost and schedule variance to come up 
with the following:

EV PV = SV− − = −71925 000 78 000 000 6 075 000, , , , , ,

EV AC = CV− − = −71925 000 75 504 150 3 579 150, , , , , ,

(continued)
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additional information

There is much more to earned value analysis. You will see another way to use earned value analysis 
when we look at performance indexes (Section 2.8), estimate to complete (Section 4.4), estimate at 
completion (Section 4.3), to-complete performance indexes (Section 4.6), and variance at completion 
(Section 4.8).
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This tells us that we have accomplished $6,075,000 less work than we planned during the 
time we spent. We have spent $3,579,150 more than the amount of work we have accom-
plished. In other words, we are behind schedule and overbudget.

When looking at variances, any negative variance indicates that your performance isn’t 
going how you want. You’re either accomplishing less or spending more than you planned. 
Notice that looking at the earned value numbers doesn’t tell you what happened; it only points 
out that things aren’t going according to plan. It is important to determine root cause of the 
variance in order to take appropriate corrective action to get the project back on plan.

(continued)



2.6 inFluence DiaGraMs

What it is

An influence diagram is a graphic that shows the relationship between variables, uncertainty, and 
the degree of influence of each variable on other variables, decisions, and the ultimate objective. 
They are used to build a common understanding of the variables that influence decisions and 
outcomes.

Influence diagrams use various shapes to indicate nodes. The nodes are connected by arrows 
to show uncertainty, decisions, and objectives. Common shapes for nodes and their meanings are 
shown below.

an oval node indicates an area of uncertainty.

a rectangular node shows a decision.

an octagonal node (or sometimes a diamond) indicates the objective  
or desired outcome.

hoW to use it

Use the steps below as a guideline.

 1. Identify the objective you want to achieve. This is your octagon.
 2. Identify the decisions or choices you will need to make to achieve that objective. These are 

your rectangles.
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 3. Determine all the variables that influence that decision or choice. Variables can be things 
inside your control (availability of resources), or outside your control (such as weather or regu-
lations). These are your ovals.

 4. Draw arrows that show the influence of each node on the other nodes.

Scenario: You have been asked to meet the physical growth needs of  
Top Dog Project Services.

Over the past four years the rate of employee growth and turnover has continued to increase 
in the Southern California location of Top Dog Project Services. You are looking for ways to 
accommodate the employee growth and reduce the amount of employee turnover. One of 
the recurring themes expressed in exit interviews is that employees want the freedom to work 
remotely.

Top Dog Project Services is looking to run a pilot work-from-home program. Given the 
needs of your office, they have asked you to run a pilot program for the entire organization for 
working remotely. They have asked that you summarize the outcomes and make a recommen-
dation to senior management.

As part of your kickoff meeting, you lay out some of the variables that will influence your 
ability to roll out the program, thereby reducing the rate of turnover.

influence diagram

Pilot
Program

Job
satisfaction

levels

Cost per
employee

Productivity
rate

Sr. Mgmt.
Approval

Roll Out
Program

Reduced
turnover

This graph shows the pilot will produce variable results for job satisfaction (either increased 
or decreased), cost per employee (lower or higher), and productivity rate (lower or higher). 
Based on these results, senior management will decide to approve a rollout of the program 
across the company, as one way of reducing employee turnover.
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additional information

An influence diagram is sometimes used in place of a decision tree because the proliferation of 
branches based on the nodes of uncertainty can quickly cause a decision tree to get overly com-
plicated and difficult to interpret. The influence diagram also does a better job of showing causality 
between the various nodes than a decision tree does.
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2.7 MaKe-or-Buy analysis

What it is

A make-or-buy analysis is used to determine which work or deliverables should be accomplished 
in-house, and which should be purchased from external sources. Factors such as resource avail-
ability and skill sets, cost, proprietary information, risks, and other relevant factors are taken into 
consideration when conducting a make-or-buy analysis.

hoW to use it

In some situations it is obvious you will need to procure something in support of project comple-
tion, such as if you don’t have the skills available in your organization to develop the deliverable. 
Sometimes the reasons to keep work in-house are obvious, such as if the deliverable is your orga-
nization’s core competency, if you need control over the process, or if you want the information to 
stay in-house.

For those situations that fall in between, here are some factors to consider in your analysis. 
Use the information below as a guideline. You will need to tailor the information to fit within your 
environment.

reasons to Make reasons to Buy

Less costly1 Less costly2

Use existing capacity Use supplier skills

Maintain direct control Small volume requirement

Maintain design secrecy Limited in-house capacity

Develop a new competency Maintain supplier relations
Company’s core competency Transfer risk

Available staff Readily available
1 When analyzing costs, don’t forget indirect costs. Indirect costs for making can 
include overhead, depreciation, tax, material handling and storage, and so forth.
2 Indirect costs for buying can include the time and cost of developing a Request for 
Proposal, and the time involved in source evaluation, selection, and management.
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Scenario: You are the project manager for developing an onsite  
childcare center for your organization’s employees.

You need to determine whether you will hire people to run the center as staff, or whether you 
will outsource the staffing and management to Watch Us Grow, an organization that man-
ages childcare centers. You identify the following reasons to hire staff and manage the center 
in-house:

1. You will save the 15 percent service fee that Watch Us Grow charges.
2. You won’t have to expend the time and effort involved with contract negotiation.
3. You will have more control over the curriculum, hours, policies, procedures, and day-to-day 

operations.

You identify the following reasons to outsource the management of the childcare center:

1. No time or cost associated with job posting, interviewing, checking credentials, background 
checks, and the like.

2. This is not your core competency. You don’t plan to grow this employee benefit into a larger 
business. You only need five staff to manage the entire program.

3. All risks associated with staff liability are transferred to Watch Us Grow.
4. The time associated with negotiating the contract will be less than the time needed to hire the 

staff.

The costs associated with the management fee versus the costs associated with managing 
the regulations, staffing, and other collateral costs are likely close to even. The relative impor-
tance of the control over the childcare center operations compared to the reduced time and 
liability of outsourcing will help determine the decision.

additional information

A make-or-buy analysis is often used along with a cost benefit analysis (Section 2.2), net present 
value calculations, and payback period calculations to help determine the best approach. You can 
also use a decision tree (Section 2.4) to model different scenarios in a make-or-buy analysis.
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2.8 PerForMance inDex

What it is

The performance index uses information from earned value analysis (Section 2.5) to determine the 
schedule and cost performance efficiency. The schedule performance index (SPI) is a measure of 
schedule efficiency shown as the ratio of earned value to planned value. It tells us the rate at which 
we are progressing compared to the planned rate as of a particular point in time. The cost perfor-
mance index (CPI) is a measure of cost efficiency shown as the ratio of earned value to actual cost. 
It tells us how much we are getting for every dollar we put into the project as of a particular point 
in time.

hoW to use it

 1. To calculate the SPI, start with the earned value (EV) and divide by the planned value (PV). 
The equation is EV/PV = SPI.

 2. To calculate the CPI, start with the earned value (EV) and divide by the actual cost (AC). The 
equation is EV/AC = CPI.

Scenario: Build Twin Pines Medical Plaza, a new state-of-the-art  
medical resource center.

Using the same information introduced in the earned value analysis technique (Section 2.5) you 
can compute the SPI and CPI. This is a summary of the project performance so far:

Work Planned value Percent complete earned value actual costs

Groundbreaking 4,500,000 100 4,500,000 4,500,000

Foundation 15,000,000 100 15,000,000 15,874,000

steel Frame 18,000,000 100 18,000,000 18,952,250

shell 40,500,000 85 34,425,000 36,105,800

total 78,000,000 71,925,000 75,504,150
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additional information

Performance indexes can be used with estimate to complete (Section 4.4) and estimate at completion 
(Section 4.3).

The cost performance index is the single best indicator of the overall project health. You may be 
able to make up schedule variances, but rarely can cost variances be corrected. If there are signifi-
cant variances at the start of the project, it is likely they will only get worse over time. The reasoning 
is, if you are having trouble estimating and accomplishing the immediate horizon in work, you will 
have more trouble calculating the further-out work.

Rather than finishing 75 percent of the project and discovering you are going to run out of funds 
before completion, using performance indexes will provide early warning signals to allow for correc-
tive action.

Performance indexes are used to identify those areas that need the most attention. The lower 
the performance index, the more trouble the deliverable or project is in.
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Using the SPI and CPI equations you calculate the following:

EV/PV = SPI 71925 000 78 000 000 92, , / , , .=

EV/AC CPI= =71925 000 75 504 150 95, , / , , .

This information indicates that the project is 92 percent efficient on schedule performance 
and 95 percent efficient on cost performance. Another way of looking at this is for every 10 
days of work, you are getting the value of 9.2 days of work done. For every dollar spent, you 
are getting .95 cents worth of value.

When working with indexes, any index less than 1.0 indicates that your performance is not 
going well. You’re either accomplishing less or spending more than you had planned.



2.9 reGression analysis

What it is

Regression analysis is used to evaluate the relationship between an outcome, known as the depen-
dent variable, and one or more independent variables. Analyzing the relationship between an out-
come and one independent variable is called a simple regression model. Analyzing the relationship 
between an outcome and multiple independent variables is called a multiple regression model.

Regression analysis is used to predict future trends or performance based on the relationship 
between the dependent and independent variables. It is most often used to predict financial perfor-
mance, especially for investments. However, it can also be used in healthcare, social sciences, and, 
on occasion, in projects.

Using regression analysis in projects looks for predictors of dependent variables such as cost 
performance, schedule performance, or defect rates. Because you need enough data to produce 
results that are not skewed by having too small of a data set, it is more useful for a PMO to run 
regression analyses to identify those variables that are the strongest predictors of project success 
or failure.

Multiple regression analysis requires statistical software to develop a viable model. However, if 
you are conducting a simple regression analysis you can use an Excel chart and develop a scatter 
diagram using the two variables to determine if a relationship exists, and if it does, to determine the 
strength of that relationship.

hoW to use it

The explanation for regression analysis in this book is very limited in scope. We are constraining the 
description to a simple regression analysis that you can perform using a spreadsheet. This explana-
tion does not assume an understanding of statistical modeling, and therefore we will not describe 
the method of least squares nor how to determine slope or unexplained residual errors.

 1. Define the variable you want to predict. This is called the dependent variable. The dependent 
variable is always on the y axis of a graph.

 2. Identify the variable you think will be a reasonable predictor of the dependent variable. The 
independent variable will be on the x axis of a graph.
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 3. Gather as much data as you can on the dependent and independent variables.
 4. Chart them on the graph to create a scatter diagram.
 5. Determine if there is a linear relationship.
 6. Draw a line through the center scatter diagram that depicts the general trend of the relation-

ship. If you are using spreadsheet software, such as Excel, go to the Chart Design tab and 
click Add Chart Element. Go to the Trend Line option and select Linear.

Scenario: Your project is to help improve customer satisfaction with  
the phone support from the IT Help Desk.

Assume you want to know about the variables that drive up the number of complaints for the IT 
Help Desk. You have an assumption that more seasoned staff get fewer complaints. To test this 
hypothesis, you determine the number of months each of the ten employees has worked at the 
Help Desk. The newest hire has been there for eight months. The longest-term employee has 
been there 64 months. You then look at the number of complaints per employee; they range 
from 2 to 13 per employee.

You set up a graph with the number of complaints as the dependent variable, and graph it 
on the y axis. The number of months on the Help Desk is the independent variable, and so you 
graph that on the x axis. Using Excel,1 this is how you set up the data:

Months employed 8 12 15 26 30 42 45 52 60 64

complaints 13 10 9 7 6 5 4 3 3 2

Next, you select the cells with data and go to the Insert tab and choose a scatter diagram 
(see Section 3.10 for more on scatter diagrams). The result is this:

complaints and length of employment
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Complaints and Length of Employment

1 Different versions and different operating systems for Excel may have different functions and commands. Your software may 
have different options and names. The function should be there, but you may have to get to it in a different way.

(continued)
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additional information

There are several points to be aware of when using regression analysis.

•	Make sure your data is accurate. Entering inaccurate information will give you skewed or inac-
curate results.

•	Don’t mistake correlation for causation. Just because you have found a correlation between 
two variables does not mean that one causes the other. In the example above, the lower com-
plaints for the more seasoned employees could be a function of additional training, relation-
ships with the people calling in, having a better office environment, or any number of other 
variables. The data in the example only indicates that longer-term employees have fewer 
complaints. The data does not say why this is so.

•	When using regression analysis, always check your data with the real world. In other words, 
don’t rely only on the numbers; investigate, talk to people, and look around.

•	Remember, data is not a 100 percent predictor of the future; it can be a useful indicator, but it 
is only a model.

PMBOK® Guide – Sixth Edition Reference

4.7 Close Project or Phase

It is clear there is a negative correlation between the length of employment and the number 
of complaints. In other words, the more experience the employee has, the fewer complaints he 
or she gets. As a final step, you go to the Chart Design tab and click Add Chart Element. Under 
the Trend Line option you select Linear. The result is this:

complaints and length of employment
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Complaints and Length of Employment

The trend line indicates the expected number of complaints based on the length of employ-
ment. Based on this, it looks like the newest employee is still having more complaints than 
expected, but that could just be an anomaly. You should watch that number for a few months 
to see if it comes down to the expected level.



2.10 reserve analysis

What it is

Reserve analysis is used to determine the appropriate amount of schedule or cost reserve nec-
essary to establish an achievable and reasonable cost or schedule baseline. Reserve analysis is 
conducted prior to developing a baseline, after the initial risk identification, analysis, and response 
planning have taken place. The purpose is to account for both the individual and overall risks asso-
ciated with the project and to allocate a suitable amount of time and/or funding to meet the project 
objectives.

After the baselines are established and the project is underway, you can conduct a reserve anal-
ysis to determine if the reserve amounts are sufficient given the most recent project schedule and 
cost performance. If the project is performing ahead of schedule or under budget, it may be fea-
sible to “release” some of the reserve. If the project is performing behind schedule or over budget it 
may be appropriate to increase the reserve.

When conducting a reserve analysis you should specify whether you are assessing contingency 
reserve or management reserve. Contingency reserve is usually set aside for known risk events or 
conditions. It can be used to implement a response strategy if a risk trigger occurs, or it can be 
applied to lessen the residual risk impacts. Contingency reserve is usually included in the project 
baselines.

Management reserve is usually held at the project level to account for unplanned, in-scope 
work, or for unforeseen events. Management reserve is not usually included in the project base-
lines. Management reserve may be held at the program or portfolio level if the project is part of a 
program or portfolio. Some projects only use contingency reserve; others use both contingency 
and management reserve. The use of management reserve is most often employed at the discre-
tion of management and is typically not considered a part of the approved cost baseline.

The cost estimates plus the contingency reserve comprise the cost baseline. The cost baseline 
plus the management reserve equal the project budget. The graphic below shows how different 
types of reserve are integrated into the project budget.
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Estimates

Project Budget

BaselineContingency
Reserve

Management
Reserve

Reserve can be estimated as a percent of the overall duration or budget, as a fixed number, or it 
may be developed using a simulation or other quantitative analysis method.

hoW to use it

The example below discusses a budget reserve. The same steps are used to develop a sched-
ule reserve. Use the steps below as a guideline. Tailor the steps as necessary to work within your 
environment.

To develop an initial reserve amount:

 1. Develop cost estimates for all the project work.
 2. Develop a schedule to show the allocation of project work over time.
 3. Create a budget that shows the allocation of project funds over time.
 4. Conduct a thorough risk identification, analysis, and response exercise, including establishing 

a contingency reserve to implement responses and to account for those risks you accept.

The outputs of these first four steps provide you with

•	Project Schedule
•	Project Budget
•	Risk Register that is populated with risk events, probabilities, impacts on each objective, and 

planned responses.
•	Assessment of overall project risk (such as information on ambiguity, variability, volatility, 

uncertainty, and so forth)

 5. Estimate the amount of reserve you will need using one or more of these techniques:
a. Sum all the contingency reserve amounts for individual risks and choose a percentage of 

that for the contingency reserve for the project.
b. Take a set percent of the overall project budget.
c. If you are using simulation software, run a simulation and select the reserve amount that 

corresponds with the confidence level you want to achieve.
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To assess the risk reserve throughout the project:

 1. Identify the amount of reserve remaining.
 2. Assess the current budget performance (are you over or under budget, and by how much).
 3. Analyze the Risk Register and Risk Reports to determine the amount of risk remaining on the 

project.
 4. Compare the amount of reserve remaining to the amount of risk remaining to determine if the 

remaining reserve is sufficient.

Scenario: You have been asked to meet the physical growth needs of  
Top Dog Project Services.

You are working with the Pennsylvania office to lease a building in a new office park to accom-
modate the expansion of Top Dog’s workforce. The work is broken into the following phases:

•	 Organize
•	 Design
•	 Build
•	 Move

During the organizing phase, you have developed preliminary cost estimates and a budget. 
Below is the budget summary by category:

Project Management $56,250

Design $225,000

Build $731,250

Move $22,500

total $1,035,000

Your risk identification and analysis indicates the following risk exposure as a percent of the 
budget by phase:

Phase
Percent of  

category Budget
Dollar 
amount

Project Management 5 $2,250

Design 11 $24,750

Build 8 $58,500

Move Flat amount $4,500

total $90,000

The project seems fairly low risk, but you want to put in some contingency reserve to bring 
up the amount to 10 percent of the budget. So you add $13,000 in management reserve to 
account for unknown risks.
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additional information

When establishing reserve for the schedule it is a good practice to include some reserve prior to 
phase endings and key deliveries to ensure these milestones are met.
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2.11 root cause analysis

What it is

Root cause analysis, often abbreviated as RCA, is a technique used to identify the underlying cause 
of a variance, risk, or defect. Often when a problem arises we rush to fix it by treating the symptom, 
for example, crashing the schedule to get back on track. Root cause analysis looks beneath the 
symptoms to find out what underlying events, conditions, systems, or processes allowed the event 
or condition to happen in the first place.

The underlying assumption when conducting a root cause analysis is that variances, defects, 
and risks have an underlying cause in a system or process. The goal of RCA is to trace the problem 
back to its source so that you can fix the source of the problem. Most defects or variances can be 
attributed to one of three categories:

 1. Physical causes. Physical causes include faulty material or equipment, or environmental 
issues such as poor lighting, bad weather, confusing instructions, and the like.

 2. human causes. Human causes are based on someone doing something he or she shouldn’t 
have, or not doing something he or she should have.

 3. organizational causes. Organizational causes are policies, procedures, systems, or processes 
that govern work, or help people make decisions.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Define the variance, defect, or problem. Sometimes being able to clearly articulate the prob-
lem can be challenging, so spending time coming up with a defined problem statement is 
important. Other times, it is fairly obvious, such as “we are 7 percent over budget” or “the 
deliverable is not functioning the way it should.”

 2. Collect all the facts and data around the variance, defect, or risk. For complex problems, 
this can take some time and perseverance to understand the full situation. When collecting 
information about the problem, it is productive to get many different perspectives on what is 
happening to gain a full understanding of the situation.
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 3. Identify contributing factors. These are events, conditions, or circumstances that increase the 
likelihood of the variance or problem occurring. You can use the “5 whys” scenario, where 
you keep asking “why” until you reach the root of the problem. Another technique is to keep 
asking “so what” to determine all the possible consequences of a fact. Cause-and-effect 
diagrams are a good way to get a visual representation of all the contributing factors.

 4. Analyze the contributing factors to determine the underlying assumption, process, event, or 
system that allowed the variance, problem, or risk to occur. Once you have boiled down the 
contributing factors, you will find one or more root causes that need to be addressed to fix the 
problem.

 5. Recommend and implement solutions. Once the root cause is identified, you will need to 
figure out the appropriate steps to take to ensure it does not happen again. You will need 
to assess the risks associated with various solutions, assign someone to follow through, and 
check back to see if the solution fixed the problem.

Scenario: Your project is to help improve customer satisfaction with  
the phone support from the IT Help Desk.

The research you did with check sheets (Section 1.3) showed six categories of complaints. You 
decide to conduct a root cause analysis on the category with the most complaints first—“being 
on hold too long.” Twenty-two of sixty-two total complaints are in this category (35 percent). In 
this case, the problem is easy to define:

Problem Statement: Customers are unhappy with the amount of time they spend on hold 
when they call the Help Desk.

To understand the situation, you get all the ACD reports that show the average hold time, 
the hold time by time of day, hold time by day of the week, and the average hold time for each 
Help Desk employee. You also talk to some of the people who made the complaints and the 
people at the Help Desk to get their feedback on the situation. You walk around the Help Desk 
area to get a sense of the environment and you review the Help Desk Manual.

While you are interviewing the Help Desk employees, you ask under what circumstances 
they place a caller on hold. You use a version of the 5 whys until you fully understand the vari-
ous reasons why calls are put on hold. You start to draw a cause-and-effect diagram (see 3.1 
for more information on cause-and-effect diagrams) to identify the major sources of putting calls 
on hold.

Based on assessing all this information, you identify several sources of lengthy hold times:

1. The Help Desk added two new employees in the past year; however, there was not enough 
room to give them full cubes. They have partial cubes and sit next to a break room. There are 
times when there is a lot of background noise or conversations going on around them. The 
Help Desk employees put the calls on hold, wait for a break in the conversation, and then ask 
the people having the conversation to please keep their volume down so the employee can 
focus on the call.

2. Some of the systems the Help Desk is supporting are older “legacy” systems. The seasoned 
employees have experience working with these systems and have built up their knowledge 
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additional information

With some projects you are just trying to figure out what caused a deliverable to be late, and the 
process will be relatively simple and quick. Some process improvement projects are based on a 
root cause analysis and implementing the proposed solution. The steps in this process can be 
scaled to fit your needs.

You will need to apply some common sense with regard to how long you keep tracing things 
back to the root cause. You want to balance stopping when you find a root cause, with the risk that 
there may be additional causes, with continuing on well past the point where it is useful.
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over the years. These systems are not documented online. All the documentation is paper 
based. Often, a Help Desk employee needs to reference a binder to find the information he or 
she needs to help the caller.

3. There is very little training on the systems for new Help Desk employees. Much of the learning 
happens as they go.

Having identified these three root causes for extended hold times, you make the following 
recommendations:

1. Find a quieter place for the Help Desk team.
2. Develop more robust training for Help Desk employees.
3. Partner new employees with a seasoned employee for mentoring.
4. When calls about legacy systems come in, refer them to a seasoned employee, and have the 

new employee listen in to learn the system.



2.12 sensitivity analysis

What it is

A sensitivity analysis is a modeling technique used to determine how different values of an input 
impact the values of specific outputs. Sensitivity analysis is used in many different industries for 
many different purposes. For example, sensitivity models are used to model climate change, invest-
ment decisions, economic forecasts, and so on. Most projects don’t use big, robust sensitivity 
analysis models. For the most part, on projects we are looking to identify the variables that have 
the biggest impact on cost variability and schedule variability. Therefore, you will likely see it used in 
larger projects when developing schedules and budgets and quantifying risk.

There are different outputs from a sensitivity analysis. Projects that conduct sensitivity analyses 
will often use a tornado diagram, so this section will present information with the assumption that 
the preferred output is a tornado diagram.

There are several potential uses for a sensitivity analysis. Among them:

•	Identify the variables that result in the greatest schedule variation.
•	Identify the variables that result in the greatest cost variation.
•	Identify the variables that result in the greatest technical performance variation.
•	Identify the variables that result in the greatest defect variation.
•	Gain a greater understanding of the relationship between environmental conditions or inputs, 

and results or outcomes.

As mentioned above, there are many ways to develop a sensitivity analysis; the focus here is 
on a simple method that looks at systematically assessing the impact of variation in one factor at a 
time (known as OFAT in the world of sensitivity analysis), while keeping all other variables stable. By 
conducting an OFAT analysis, you will be able to identify those factors that create the most variation 
in the outcome (aka the most uncertainty), and identify ways to reduce or eliminate the uncertainty.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Select the output you want to study (schedule, costs, technical performance, defects, and so on).
 2. Identify the drivers (aka inputs) that you think have the most impact on the variable.
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 3. Determine the high and low values for each input.
a. You can use the extremes, or you can use a range of 10 to 90 percent. In other words, 

in normal circumstances you would expect the outcome to be between the 10 and 
90 percent limits.

b. Some models also include the expected value (aka base or nominal value).
 4. Determine the likely outcome of the output based on the variation of one selected input, hold-

ing all other variables stable.
 5. Return the first input to its nominal state, select the next variable, and repeat the process until 

all variables have been evaluated.
 6. Graph the results using horizontal bars that show those variables that have the greatest 

degree of variation from the nominal value on the output at the top of the chart, and those 
with the lowest impact on the bottom of the chart. The outcome is shaped a bit like a tornado, 
hence the name tornado diagram.

Scenario: Your organization is updating its current PMO information  
system infrastructure with all new software, cloud computing,  

collaboration sites, and real-time reporting software.

The expectation is that you will market this platform for a monthly subscription fee to use all 
the features. The project will take one year to complete, so the income will not be realized until 
next year.

The decision to launch this capability was based on several assumptions. You have been 
asked to determine which assumptions have the greatest impact on the projected first-year 
profit. Thus, the profit is the output you want to study.

Assumptions

1. 40 percent of existing 12,500 clients will add the new service in the first year.
2. The company will add another 40 percent more in sales to new customers in the first year.
3. The subscription rate is $250 per month.
4. The interest rate is 5 percent.
5. Maintenance costs are $45,000 per year.

Based on these assumptions the gross sales would be $2,500,000, with a net profit of 
$2,338,095.

12 500 40 12 500 40 250 2 500 000, % , % $ $ , ,×( ) + ×( )( ) × =

$ , , $ , / . $ , ,2 500 000 45 000 1 05 2 095−( ) = 338

You believe these assumptions are the largest drivers of variability for the profit. If these 
assumptions are not valid, you may not meet the target profit.

You use the assumptions as the baseline. From there you interview sales and marketing, 
financial analysts, and the IT department to derive the lowest and highest expected values for 
each variable.

(continued)
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We will assume for this example you are only using a spreadsheet without any macros or 
fancy calculations. Your initial table showing the assumption and the low value, high value, and 
baseline value is below.

Low High Baseline

Adoption rate existing 2,500 7,500 5,000

New clients 3,750 6,250 5,000

Subscription rate 200 350 250

Interest rate 1.04 1.06 1.05

Maintenance costs 40,000 60,000 45,000

Note the far-right column contains all the baseline assumptions.
Your first iteration holds the value for new clients, subscription rate, interest rate, and main-

tenance at their baseline. Then you calculate the gross sales and net profit assuming a higher 
adoption rate and a lower adoption rate. The results are below.

Adoption Rate from Existing Clients

Gross Sales Net Profit

Base $2,500,000.00 $2,338,095.24

High $3,125,000.00 $3,082,142.86

Low $1,875,000.00 $1,742,857.14

You return the adoption rate to the baseline number. Next you calculate the gross sales and 
net profit assuming more sales from new clients and less sales from new clients. You return the 
new sales to the baseline number and repeat the process with the subscription rate, interest 
rate, and maintenance costs. After running all those calculations you end up with the following 
ranges in outcomes for each variable.

High Low

Adoption rate existing $3,082,143 $1,742,857

New clients $2,635,714 $2,040,476

Subscription rate $3,290,476 $1,861,905

Interest rate $2,316,038 $2,360,577

Maintenance costs $2,323,810 $2,342,857

This is good information, but to make it easier to analyze you start with the baseline net 
profit and find the difference (variance) between each outcome.

(continued)
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additional information

A sensitivity analysis is listed in the PMBOK® Guide as a technique to identify those activities or cost 
items that have the most influence on the end result. The length of the bar indicates the relative 
influence. The longer the bar, the more influence.

Positive negative

Adoption rate existing $744,048 $(595,238)

New clients $297,619 $(297,619)

Subscription rate $952,381 $(476,190)

Interest rate $22,482 $(22,057)

Maintenance costs $4,762 $(14,285)

This information is what you turn into a tornado diagram. First you sort the data from low to 
high. Then you insert a bar chart. The end result is the following diagram:

$4,762 

$22,482 

$297,619 

$744,048 

$952,381 

$(14,285)

$(22,057)

$(297,619)

$(595,238)

$(476,190)

Maintenance costs

Interest rate

New clients

Adoption rate existing

Subscription rate

PMO Sensitivity Analysis

It is obvious that the biggest driver of profit is the subscription price, followed by the adop-
tion of rate of existing clients and then the acquisition of new subscribers. The interest rate and 
maintenance costs have minimal impact.

This sensitivity analysis does not show the interaction that the impact of raising or lowering 
the subscription rate would have on adoption rates or new subscriptions. More sophisticated 
software is needed to conduct an analysis where multiple variables are correlated.



 62   2.12 sensitivity analysis

Task or Resource Name

Install 2nd - 10th floor sheathing

Complete communications wiring - ph...

$274,800 $275,000 $275,200 $275,400 $275,600 $275,800 $276,000 $276,200

Rough-in plumbing

Complete plumbing

Rough-in electrical

Complete circuits to service panel

Install kitchen cabinets

Install trim

Linoleum entry, kitchen and baths

Rough-in HVAC

Install bath cabinets

Install 2nd - 10th floor windows

Install drywall

Ta...

Ta...

Ta...

Ta...

Ta...

Ta...

Ta...

Ta...

Ta...

Ta...

Ta...

Ta...

Ta...

Task
or

Resource

This screenshot shows an excerpt on cost sensitivity for project activities. The bars on the right 
show the possible amount of a budget overrun; and those on the left, the possible amount of bud-
get underrun.

The information derived from a sensitivity analysis can be used in working with a what-if sce-
nario (see Section 2.17).

There are several issues to keep in mind when working with a sensitivity analysis:

•	Often the variables are correlated, which means that it is unrealistic to think that you can 
change one variable and all others will remain stable. The interactions among the variables 
means that only looking at one variable at a time can lead to unrealistic results. There is soft-
ware that can model more complex models that show the interaction of multiple variables. 
Unless you are working on a mega-project, it is unlikely that you will need to employ that 
degree of rigor in your analysis.

•	If assumptions that are used to determine the high and low values for the variables are based 
on past data, the data may not be reliable for the current situation.

•	Estimates are inherently subjective, thus the data for the model may not be factual, but sub-
ject to human bias.
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2.13 staKeholDer analysis

What it is

Stakeholder analysis is used to gather and assess information about stakeholders, the people or 
groups that can influence or are influenced by the project outcomes, to determine how to best 
engage with them. This technique is used throughout the project as stakeholders and their engage-
ment needs change and evolve. Stakeholder analysis is the underlying foundation for an iterative 
five-step process used in stakeholder communication and engagement:1

Identify

Prioritize

MapEngage

Monitor

 1. Identify your project’s stakeholders and understand their needs.
 2. Prioritize the stakeholders.
 3. Map the key stakeholders.
 4. Engage with the stakeholders.
 5. Monitor changes over time to assess the effectiveness of your engagement.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Identify stakeholders and gather information about them. Information you can assess in a 
stakeholder analysis includes:2

 ○ Attitude: Will the person help or hinder the work?
 ○ Hierarchy: Where is the person in the organization’s structure compared to the activity 
manager: higher or lower, internal or external, colleague or competitor?

1 Based on work by Lynda Bourne and Patrick Weaver, Mosaic Projects. https://stakeholder-management.com/
2 Bourne, L. (2015). Making Projects Work: Effective Stakeholder and Communication Management. Boca Raton, FL: Young 
and Francis.

https://stakeholder-management.com/
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 ○ Interest: Does the person have an active interest, passive interest, or no interest?
 ○ Power: What is the person’s ability to cause change on the project?
 ○ Proximity: How involved is the person in the work?
 ○ Urgency: Does the person perceive the work to be very important?

For projects that have a complex and influential stakeholder community, you may want to collect 
all this information. For smaller projects, you can focus on the nature of each stakeholder’s influence 
(upward, downward, outward, and sideways), and his or her interest in the project.

 2. Prioritize your stakeholders. There are various models you can use to prioritize your stake-
holders. One method is by assessing the power, proximity, and urgency of each stakeholder.
a. Power is the ability to change or stop the project.
b. Proximity is the degree of involvement a stakeholder has in the project.
c. Urgency is the relative importance of the project and its outcomes to a stakeholder and his 

or her business needs.
 3. Map the data. It is a good practice to develop a graphic or tabular representation of the stake-

holder information to help illustrate the stakeholder landscape. This is a tabular representation 
based on power, proximity, and urgency.

stakeholder Power Proximity urgency

Stakeholder 1 High High Medium

Stakeholder 2 Medium Low Medium

Stakeholder 3 Medium High High

Stakeholder 4 Low Medium Medium

Another methodology uses a stakeholder cube3 to map data using the categories of attitude, 
power, and interest.

Friend
Insignificant
Active
Backer

Saviour
Influential
Active
Backer

Terrorist
Influential
Active
Blocker

Irritant
Insignificant
Active
Blocker

Trip Wire
Insignificant
Passive
Blocker

Time Bomb
Influential
Passive
Blocker

Sleeping Giant
Influential
Passive
BackerAcquaintance

Insignificant
Passive
Backer
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The analysis is used to help develop a stakeholder engagement strategy and to monitor the 
effectiveness of the strategy throughout the life of the project.

3 Hillson, D. A., and Simon, P. W. (2012). “Practical Project Risk Management: The ATOM Methodology” (2nd edition), 
Management Concepts.
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Scenario: You are the project manager for a project to implement a  
childcare facility for your organization’s employees.

At the very beginning of the project you start a stakeholder analysis by identifying the following 
stakeholders:

•	 Sponsor
•	 Facilities department
•	 Project manager
•	 Project team
•	 Parents
•	 Children
•	 Contractors
•	 Company employees
•	 Childcare staff

Based on your knowledge of each stakeholder and on interviews and discussions with all 
parties, you determine each individual’s power over the project, his or her proximity (degree of 
involvement), and his or her urgency (how important the project is).

You then create a table to illustrate the stakeholder landscape.

Stakeholder Power Proximity Urgency

Sponsor High Medium Medium

Facilities department Medium High Medium

Project manager Medium High High

Project team Low High High

Parents High Medium High

Children Low High High

Contractors Low High Low

Company employees Low Low Low

Childcare staff Medium Low High

This information will guide how you communicate and engage with each stakeholder and 
stakeholder group. As new stakeholders arise, you will add them to your matrix and update 
your analysis. If your engagement strategy is not working as well as you would like it to, you 
may evaluate your analysis to see if you assessed someone’s involvement incorrectly.
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additional information

For a more robust stakeholder analysis you can consider these ways of categorizing stakeholders 
as well:4

•	Receptiveness: How easy is it to communicate with this person?
•	Supportiveness: Does the person support or oppose the work?
•	Influence: How well connected is the person?
•	Legitimacy: Does the person have some level of entitlement to be consulted?
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4 Bourne, L. (2015). Making Projects Work: Effective Stakeholder and Communication Management. Boca Raton, FL: Young 
and Francis.



2.14 sWot analysis

What it is

SWOT stands for Strengths, Weaknesses, Opportunities, and Threats. It is often used in product 
development projects to help build a business case. It can also be used for a risk assessment prior 
to authorizing a project or during the project.

A SWOT analysis looks at internal and external aspects of an organization.

•	Internal factors are the organization’s strengths and weaknesses.
•	External factors are opportunities and threats for the organization.

For purposes of a SWOT analysis we will consider the following:

•	Strengths are those aspects of the organization that give it an advantage, or those things the 
firm does well.

•	Weaknesses are those aspects that put an organization at a disadvantage in the marketplace, 
or those areas that require improvement.

•	Opportunities are aspects in the external environment that an organization can take advan-
tage of or exploit to improve its business position.

•	Threats are aspects of the external environment that could impede or negatively impact the 
organization’s business position.

Some areas to look at when identifying strengths and weaknesses include:

•	human resources. Do you have the skill sets and availability you need?
•	Physical resources. Do you have the right location, equipment, supplies, and materials?
•	Finances. Do you have an adequate funding stream?
•	systems. Are your systems and processes adequate?
•	expertise. Do you have the experience and expertise required?
•	intellectual capital and property. Do you have copyrights, patents, and other intellectual 

property advantages or disadvantages?
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Some areas to look at when identifying opportunities and threats include:

•	Political environment. Is the political environment favorable for what you are trying to 
achieve? Is it stable or unstable? Friendly or unfriendly?

•	economy. Is the economy in the markets you are in healthy or declining?
•	exchange rate. If you are working on international projects, is the exchange rate in your 

favor?
•	trends in your industry. Is your industry growing or declining?
•	location. Does your location give you an advantage or a disadvantage?
•	legislation and regulations. Are there legal requirements that constrain your options or 

enable you to excel?

hoW to use it

A SWOT analysis usually requires input from multiple sources since the objective is to get a broad 
understanding of both the internal and external environments. You can use many of the other 
techniques described in this book to help you, such as brainstorming (Section 1.2), focus groups 
(Section 1.5), and mind mapping (Section 3.6). Use the steps below as a guideline. Tailor the steps 
as necessary to work within your environment.

 1. Identify the strengths and weaknesses internal to the project or organization.
 2. Identify the opportunities and threats external to the organization.
 3. Assess how the strengths can be turned into opportunities or used to minimize the threats.
 4. Determine how the weaknesses can hinder opportunities or increase threats.

Scenario: You have been asked to meet the physical growth needs of  
Top Dog Project Services.

Based on the success of the work-from-home pilot, you are expanding the program. Before 
kicking off the program you want to understand the aspects of the organization that can help 
make the program a success and those that can hinder it. You also want to determine if there 
are any opportunities that this program will allow you to capture, or if there are new threats 
it would introduce. This information will be documented in the Risk Register so that you can 
develop appropriate responses as part of the program implementation.

You gather a small group of people from HR, IT, Compliance, and Operations. You ask them 
to focus first on the following topics for strengths and weaknesses before brainstorming addi-
tional areas.

•	 Human resources
•	 Physical resources
•	 Systems, processes, and policies
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additional information

Many projects neglect opportunity management. Identifying internal strengths is a good way to 
leverage opportunities for both your project and the organization.
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Once the group has generated all the information they can think of, you move to looking at 
external threats and opportunities. You ask the group to focus on the following topics for oppor-
tunities and threats before brainstorming additional areas.

•	 Job market
•	 Industry trends
•	 Legislation and regulations

Once the group has generated all the information they can think of, you thank the partici-
pants for their assistance. You will use this information to populate your Risk Register and to 
identify overall risks and opportunities associated with the program.



2.15 technical PerForMance analysis

What it is

Technical performance analysis compares planned technical achievement to actual technical 
achievement. This analysis technique is often used in system engineering, information technology, 
and defense projects. The technique requires you to identify capabilities that have quantifiable mea-
surements as targets, so that you can measure progress against those targets.

Examples of capabilities or requirements include, but are not limited to:

•	Weight
•	Size
•	Transaction time
•	Errors or defects
•	Availability
•	Capacity

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Identify the capabilities you need to meet the project objectives.
 2. Determine the technical and operational specifications or metrics needed to achieve the 

capabilities.
 3. Determine when you need to achieve each technical and operational specification or 

metric.
 4. Define periodic measures of performance you use to track progress against the requirements.
 5. Take measures.
 6. Determine if any variances represent a threat or opportunity to the project.
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additional information

This technique is often used with burnup or burndown charts to show performance against expec-
tations. When used in risk monitoring, one should determine if the technical performance variance 
will lead to a scope, schedule, or cost risk.
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11.7 Monitor Risks

Scenario: You are managing a project to develop a new company intranet site.

The technical capabilities and measurements you have defined are:

capability Measure

site hits per minute 2,500

load time per page .001 seconds

availability 99%

You decide to build up the ability to accept more site hits on a weekly basis. Every week you 
should have the capacity to receive more site hits per minute without crashing. You set your 
measurement time as every Friday afternoon at 4 PM. This chart shows progress against the 
requirement.

site hits Per Minute

500

1000

1500

2000

2500

524

921

1365

1827

Mon Tues Wed Thur Fri

Planned

SITE HITS PER MINUTE

Actual

Based on this information you can see that your technical performance is behind. Likely you 
will be around 2,300 by the end of Week 5. You will need to determine if that performance vari-
ance presents a risk to the scope or schedule objectives of the project, and if so, determine an 
appropriate response.
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What it is

Variance analysis measures the amount of variance between a planned outcome (often a baseline) 
and actual performance.

You can use variance analysis to measure variance in:

•	Schedule dates
•	Expenditures
•	Resource utilization
•	Quality metrics
•	Technical performance

Basically, if you can measure it, you can perform a variance analysis.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Establish your planned or target measure (such as a date or dollar amount).
 2. Measure your actual result.
 3. Identify the cause of the variance (if it isn’t already obvious).
 4. Determine if the variance warrants preventive or corrective action.

Scenario: You have been asked to meet the physical growth needs of  
Top Dog Project Services.

You work for the Idaho Falls location of Top Dog Project Services. You are remodeling an old 
downtown building as part of an urban renewal program. Part of the building remodel is to 
put in steel framing in the interior. You are tracking the cost and schedule performance for the 
steel frame.
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additional information

You can calculate the same information with materials variance as well. You can compare the dif-
ference in the cost per unit and in the number of units used. This is sometimes called a cost/usage 
variance.

Variance analysis is also used in earned value management. The three most common earned 
value variance measurements are:

Schedule variance (SV): SV = EV – PV
Cost variance (CV): CV = EV – AC
Variance at completion (VAC): VAC = BAC – EAC
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You budgeted $200,000 for the frame. The work is now complete. You review your invoices 
for labor and materials and you see that the frame actually cost $206,032. In looking at your 
invoices for the labor, you see that the rates were higher than estimated and the hours were 
greater than estimated. The estimated rates and hours and the actual rates and hours are below:

Estimated hourly rate  $28
Actual hourly rate  $30.25
Estimated hours  960
Actual hours  1,088

To understand the impact of the rate variance you subtract the actual rate from the esti-
mated rate, and multiply that by the actual hours worked.

Estimated rate Actual rate Actual hours−( ) ×

$ $ . $ ,28 30 25 1088 2 448−( ) × = −

To understand the impact of the variance in the hours worked, you subtract the actual hours 
worked from the estimated hours worked, and multiply that by the estimated rate.

Estimated hours Actual hours−( ) × $28

960 1088−( ) × = −, $ $ ,28 3 584

Therefore, you determine that the $2,448 of our variance is due to a difference in the hourly 
rate and $3,584 is due to the difference in the number of hours worked. At this point the steel 
framing is complete. You have enough reserve to cover the $6,032 variance, so no further 
action is required.



2.17 What-iF analysis

What it is

What-if scenario analysis evaluates various scenarios, risk events, or conditions to determine the 
impact on a stated objective. It is used primarily to determine the impact of events or conditions on 
the project schedule or budget.

Some uses of the what-if scenario for the schedule are:

•	Evaluating the impact of adding, subtracting, or changing resources
•	Evaluating the impact of scope changes
•	Assessing the feasibility of the existing schedule if a risk event or condition occurs
•	Identifying the amount of schedule reserve needed to account for uncertainty
•	Evaluating the impact of fast-tracking the work
•	Evaluating the impact of reducing scope

Some of the uses of a what-if scenario for the budget are:

•	Evaluating the impact of a change in labor or material rates
•	Evaluating the impact of a change in labor or material amounts
•	Evaluating the impact of scope changes
•	Identifying the impact of currency fluctuations

What-if scenario analysis is also used in risk management to either understand the impact of 
risk events or to help determine the amount of reserve needed for the schedule or budget.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Start with a copy of your baseline schedule or budget.
a. You can use additional columns in a schedule to enter fields such as Start 1, Start 2, and 

so forth to show different start dates instead of using a copy of the schedule.
b. Many spreadsheets give you the ability to identify specific fields to enter in alternative 

numbers. This is part of the software’s “what-if analysis” function that allows you to model 
scenarios.
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 2. Identify and document the scenario you want to model, including the corresponding assump-
tions and basis of estimates if you have them.

 3. Make the changes to the schedule or budget to reflect your documented scenario.
 4. Compare the scenario to the baseline.

a. For the schedule, you can determine the impact on the critical path, resource utilization, 
start and end dates, and durations.

b. For the budget, you can evaluate the impact on labor costs, material costs, funding require-
ments, or other variables.

Modeling techniques

So much uncertainty is associated with projects that it’s nearly impossible to determine actual dura-
tions, future risks, stakeholder issues, actual resource availability, and so on. One way to account 
for the uncertainty is to think through different scenarios that could impact the project and see what 
happens to the schedule based on those scenarios.

For example, what if a critical resource is available only one-half of the time, as opposed to 
full time? Or, what if a key component is delivered late? Or design issues cause rework? These 
are common occurrences on projects. Building several schedule scenarios helps you to identify the 
impact of these scenarios up front when you can still adjust the schedule to account for them, and 
update the Risk Register to take actions to minimize their impact on the schedule.

Scenario: Your organization is updating its current PMO information  
system infrastructure with all new software, cloud computing,  

collaboration sites, and real-time reporting software.

The expectation is that you will market this platform for a monthly subscription fee to use all the 
features. The project will take one year to complete, so the income will not be realized until next 
year.

The decision to launch this capability was based on the following assumptions.

Assumptions:
 1. Forty percent of the existing 12,500 clients will add the new service in the first year.
 2. The company will add another 40 percent due to new sales in the first year.
 3. The subscription rate is $250 per month.
 4. The interest rate is 5 percent.
 5. Maintenance costs are $45,000 per year.

Based on these assumptions, the gross sales for Year 2 would be $2,500,000, with a net 
profit of $2,338,095.

12 500 40 12 500 40 250 2 500 000, % , % $ $ , ,×( ) + ×( )( ) × =

$ , , $ , / . $ , ,2 500 000 45 000 1 05 2 338 095−( ) =

(continued)
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You have been asked to look at the impact to the profit if the existing client adoption and 
new client acquisition are less than expected. You decide to run two sets of budget scenarios:

1. Option 1 assumes 20, 25, 30, and 35 percent adoption rates for existing clients, and maintains 
the 40 percent for new sales.

2. Option 2 assumes 20, 25, 30, and 35 percent adoption rates for both existing clients and new 
sales.

You think the range of outcomes will provide sufficient information for financial risk analysis 
based on the adoption and new sales rates. Your calculations give you the following information:

adoption rate existing clients
existing clients and 
new customers

40% $2,338,095 $2,338,095

35% $2,189,286 $2,040,476

30% $2,083,333 $1,785,714

25% $1,891,667 $1,445,238

20% $1,832,143 $1,207,143

You chart the data to see the information graphically to model expected revenue based on a 
specific adoption rate.

What-if scenario analysis

$-

$500,000

$1,000,000

$1,500,000

$2,000,000

$2,500,000

40% 35% 30% 25% 20%

What-If Scenario Analysis

Adoption Adoption and New

additional information

What-if scenarios are similar to sensitivity analyses (Section 2.12), but with a what-if scenario analy-
sis you can model the impacts of more than one variable at a time. You can also develop scenarios 
based on a single event, rather than a range of outcomes.
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Data Representation

Part 3



3.0 Data RepResentation techniques

To really understand what data is telling you, sometimes you need to see it in a graphic representation. 
As they say, a picture is worth a thousand words. The techniques in this section are used to help create 
a visual display of data to aid in organizing and understanding what is happening on your project.

Many of these techniques have their beginnings in quality management; for example, control 
charts, cause-and-effect diagrams, and histograms. Some types of charts we use to help us orga-
nize information, such as resource breakdown structures or responsibility assignment matrixes. 
Other techniques are used to help solve problems, such as cause-and-effect diagrams.

The techniques described in this section include:

•	Cause and effect diagrams
•	Control charts
•	Flowcharts
•	Histograms
•	Logical data models
•	Mind mapping
•	Probability and impact matrix
•	Resource breakdown structure
•	Responsibility assignment matrix
•	Scatter diagrams
•	Stakeholder mapping

Some of the techniques you will learn about for data representation are general in nature, such 
as flowcharts and mind mapping. You will see other techniques that are used in very specialized 
ways, such as a probability and impact matrix or stakeholder mapping.

When using data representation techniques, you may find it easier to just grab a pencil and 
paper and start mapping the situation. For example, a flowchart can be very informal. Other tech-
niques work better with software. For example, you can use a spreadsheet or other charting 
software to create a histogram or scatter diagram.

When summarizing information for stakeholders in a presentation, I find it useful to include 
charts and graphs, such as the ones in this section, to help drive home a point, or to help make the 
information come to life.



3.1 cause-anD-effect DiagRam

What it is

A cause-and-effect diagram illustrates the inputs or variables that are potential causes of risks or 
defects. By working backward from the defect, you ask: How did that happen? or Why did that 
happen? These questions lead to the inputs to the process or the product that could be potential 
causes of defects. You can break each branch of the diagram into limbs and continue to decom-
pose them until you have sufficient detail to identify the source of the problem.

The figure here shows a classic cause-and-effect diagram that lists six possible causes of a 
problem: environment, measurement, energy, personnel, equipment, and time. Two of the categories 
have subcategories. 

Defect

Environment Measurement

Personnel Equipment

Energy

Time

Lack of
training

Outdated
equipment

Cause-and-effect diagrams can be relatively simple, like the one shown here; or they can be 
more complex, with many branches and interrelationships between the causes.

hoW to use it

You can conduct a cause-and-effect analysis with a group, as shown below, or on your own. 
Working with a small, knowledgeable group usually leads to better outcomes.

 1. Define the problem statement (this is the outcome or defect you are trying to resolve).
 2. Brainstorm the major categories of the causes of the problem. If you are having trouble iden-

tifying categories, you can use the ones shown in the example above.



 80   3.1 cause-and-effect Diagram

 3. For each category, ask “Why does this happen?”
 4. Each answer to why is a subcategory that is represented as a branch.
 5. Continue to ask why and develop further subcategories until the diagram is complete.

Scenario: Your project is to help improve customer satisfaction with  
the phone support from the IT Help Desk.

One of the main causes of dissatisfaction is that callers feel they are placed on hold for too 
long. You call a meeting with the Help Desk staff to brainstorm the factors that lead to calls 
being put on hold. You come up with the following cause-and-effect diagram. 

cause-and-effect diagram

Defect

Environment

Personnel Equipment

Policies

Time

Lack of
     training

Outdated
    equipment Low staff to

employee ratio
      In the AM

Policies
and procedures

out of date

Headsets have
static

Not familiar with
       legacy software

Near break room

Only have ½
cubicles

The notes that support the diagram are captured below:

•	 time: The time of day can affect the number of people staffing the Help Desk and the num-
ber of people at work.

•	 policies: There are few policies and procedures for the Help Desk, and those that are avail-
able are out of date.

•	 equipment: The headsets that the employees use are outdated, and sometimes cause 
static. The legacy systems have no electronic training material, only outdated paper manuals.

•	 measurements: The measurements for the automatic call distribution system (ACD) metrics 
are measuring the call start time from the time a person picks up the phone, not from the 
time the call goes into the ACD queue.

•	 personnel: There are two relatively new employees and there is no formal training that takes 
place. Even though staff members have the technical skills, they’re not familiar with some of 
the legacy software.

•	 environment: The Help Desk staff don’t have full cubicles, and they sit near the break room, 
where people congregate and chat. There is a lot of background noise.
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additional information

A cause-and-effect diagram is also known as a fishbone diagram or an Ishikawa diagram.
The cause-and-effect diagram can be used to illustrate causes and potential causes when con-

ducting a root cause analysis (Section 2.11).
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3.2 contRol chaRts

What it is

A control chart is a graphic display of a process over time. Data points are plotted and compared to 
a central line (the average) and upper and lower control limits. Control charts are more common in 
a production or factory environment, where they can be used to measure process results. However, 
they can be used to measure project results, such as defects, cost and schedule variance, or any 
other predictable event on a project.

For example, it is predictable that you will have cost and schedule variances on your project. 
However, you want to make sure they are within an allowable limit (tolerance limit). You can track the 
variances using a control chart to spot trends and to monitor the cost and schedule performance.

Control charts measure the performance of a process to ensure it is in control. When a pro-
cess is in control the results of the process are consistent with expectations. When it is not in con-
trol there are outliers or unexpected results. Control charts can be used in quality planning, when 
establishing processes and tolerance levels that determine whether the process is in control.

When using control charts for statistical process analysis, the upper and lower control limits 
are +/– 3 standard deviations from the mean. Specification limits represent an acceptable variance 
from the mean. This means that any result that falls between the upper and lower specification limits 
are acceptable; any result that is outside those limits is not acceptable. Specification limits may be 
greater than or less than the area defined by the control limits. The upper and lower specification 
limits are defined in the quality requirements or quality metrics. If a measurement is getting close to 
the control limit or specification limit, you should take action to get it back toward the midline.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. When planning for product or project quality, establish the items that you will measure with a 
control chart.

 2. Set the upper and lower control limits and/or upper and lower specification limits. If you are 
not doing statistical process analysis, you do not need to set the upper and lower control 
limits at +/– 3 standard deviations from the mean. Set the upper and lower specification limits 
to reflect the variance tolerance for whatever you are measuring.
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 3. In a spreadsheet column, enter the time intervals you will use to measure the process, such 
as daily, hourly, weekly, and so forth.

 4. In the next column, enter the measurement data.

Here are two columns that show measurement data for the cost performance index (see Section 2.8 
for information on the cost performance index, CPI) measured weekly over the second quarter.

Weekly cpi

4/1 0.97

4/8 0.98

4/15 0.99

4/22 0.96

4/29 0.95

5/6 0.93

5/13 0.91

5/20 0.88

5/27 0.89

6/3 0.92

6/10 0.94

6/17 0.95

6/24 0.95

 5. In the column next to the measurement data (in this case, next to the CPI column), enter the 
average or target. If you are doing a statistical process analysis you will use the average mea-
surement. For our purposes we will enter the target value. For CPI the target value is 1.0.

 6. In the column next to the average or target value, enter your upper control limit (UCL) and your 
lower control limit (LCL). The chart will now look like this:

Weekly cpi target ucl lcl

4/1 0.97 1.00 1.1 0.9

4/8 0.98 1.00 1.1 0.9

4/15 0.99 1.00 1.1 0.9

4/22 0.96 1.00 1.1 0.9

4/29 0.95 1.00 1.1 0.9

5/6 0.93 1.00 1.1 0.9

5/13 0.91 1.00 1.1 0.9

5/20 0.88 1.00 1.1 0.9

5/27 0.89 1.00 1.1 0.9

6/3 0.92 1.00 1.1 0.9

6/10 0.94 1.00 1.1 0.9

6/17 0.95 1.00 1.1 0.9

6/24 0.95 1.00 1.1 0.9
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 7. If you are going to track performance against upper and lower specification limits (USL and LSL), 
enter those next to the upper and lower control limits.

Weekly cpi target ucl lcl usl lsl

4/1 0.97 1.00 1.1 0.9 1.05 0.95

4/8 0.98 1.00 1.1 0.9 1.05 0.95

4/15 0.99 1.00 1.1 0.9 1.05 0.95

4/22 0.96 1.00 1.1 0.9 1.05 0.95

4/29 0.95 1.00 1.1 0.9 1.05 0.95

5/6 0.93 1.00 1.1 0.9 1.05 0.95

5/13 0.91 1.00 1.1 0.9 1.05 0.95

5/20 0.88 1.00 1.1 0.9 1.05 0.95

5/27 0.89 1.00 1.1 0.9 1.05 0.95

6/3 0.92 1.00 1.1 0.9 1.05 0.95

6/10 0.94 1.00 1.1 0.9 1.05 0.95

6/17 0.95 1.00 1.1 0.9 1.05 0.95

6/24 0.95 1.00 1.1 0.9 1.05 0.95

 8. Highlight all the data. Go to the Insert Tab and select a Line Chart. The result should look  
like this: 
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Scenario: Your project is to help improve customer satisfaction  
with the phone support from the IT Help Desk.

One of the problems with the Help Desk is that it takes a long time for someone to answer the 
call. You decide to track the amount of time it takes to get a live person on the line over the 
course of the day. The Help Desk is staffed from 6:00 AM to 8:00 PM. The ACD system collects 
information on the average number of seconds before calls are picked up.

The current policy states that calls should be answered by a person (not a machine) within  
60 seconds. Therefore, you set your target as 60 seconds. You set an upper specification limit 
of 90 seconds and a lower specification of 5 seconds. This is what your table looks like:

hour seconds target lower 
spec limit

upper 
spec limit

6:00 AM 15 60 5 90
7:00 AM 23 60 5 90
8:00 AM 63 60 5 90
9:00 AM 88 60 5 90
10:00 AM 108 60 5 90
11:00 AM 104 60 5 90
12:00 PM 88 60 5 90
1:00 PM 113 60 5 90
2:00 PM 82 60 5 90
3:00 PM 72 60 5 90
4:00 PM 54 60 5 90
5:00 PM 23 60 5 90
6:00 PM 40 60 5 90
7:00 PM 18 60 5 90
8:00 PM 9 60 5 90

You insert a line chart and see this: 
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From 10:00 AM to noon and from 1:00 to 2:00 PM, the average hold time is greater than the 
upper specification. You can use this information to assist with staffing levels during the middle 
of the day, or develop other resolutions.

(continued)

additional information

You might hear about the Rule of Seven when talking about control charts. The Rule of Seven 
states that seven data points trending in one direction (up or down) or seven data points on one 
side of the mean indicate that the process isn’t random. This means that you should check the 
measurement to determine whether something is influencing the process. This would be a special 
cause variation because it’s highly unlikely that in a random process you would find this type of 
behavior.
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3.3 floWchaRts

What it is

Flowcharts are used to develop a model of a process by identifying all the inputs, actions, outputs, 
and decision points in a process. You can use them to define, standardize, and communicate a 
process.

Flowcharts are often used in process improvement projects. By reviewing flowcharts of a pro-
cess you can identify bottlenecks and redundancies and eliminate steps that provide no real value.

hoW to use it

You can map all the steps by hand on a piece of paper. Another useful technique is to use sticky 
notes, where each note is a step in the process. You can also use flowchart software.

 1. Identify all the steps in a process.
 2. Put the tasks in order by asking: “What has to happen first?” or “After this step, what do I do?”
 3. Create a flowchart of the sequence of tasks linked by arrows.



 88   3.3 flowcharts

Scenario: Your project is to help improve customer satisfaction  
with the phone support from the IT Help Desk.

One of the first steps in identifying the source of problems is to develop a flowchart of the pro-
cess that the caller goes through when calling the Help Desk. The outcome is this flowchart, 
which shows the series of steps a caller goes through when contacting the Help Desk. 

User problem

Help Desk

Call goes
into the ACD

Queue

Goes to 4 HW specialists Goes to 6 HW specialists

Call pick
up in less than

3 minutes? 

Yes

Call answered Leave a message
and we will call

you back

No

Goes to overflow for a
HW or SW Specialist

Press
1 for hardware
2 for Software
3 for Internet

1 2 3
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additional information

Sometimes flowcharts are called process maps. They are often used in process improvement 
projects to document the “As Is” process and the “To Be” process.

There are some standards associated with flowchart shapes. For example: 

an elongated oval marks the start or finish of a process 

Rectangles represent activities 

Diamonds indicate a decision or choice

There are many different shapes and icons that represent different steps and functions in a 
process. For complicated processes, it is easier to work with software designed to do flowcharts 
and process mapping.
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3.4 histogRams

What it is

A histogram is a bar chart that shows the frequency of various events. In project management it is 
usually used to support the quality management processes by showing the distribution of errors or 
defects.

If you arrange a histogram in descending order from the most defects to the least, it is known 
as a Pareto chart or Pareto diagram.

hoW to use it

Since a histogram is used to illustrate the number of times a defect or error occurs, we assume 
the work of gathering the information is complete. This explanation only explains how to create the 
chart.

 1. In a spreadsheet row, enter the categories you are measuring:

Did not meet spec Too slow Overweight Crashed Error screen

 2. In the row below, enter the number of times there was an occurrence in each category:

Did not meet spec too slow overweight crashed error screen

5 17 14 6 12

 3. Select the cells with the data, and select Insert Chart.

 4. Choose a bar chart (or column chart). 
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If you want to dress it up a bit, you can add data labels. To add data labels, right click on one of 
the bars. When a side menu shows up, select Add Data Labels.

To turn it into a Pareto chart, just arrange the numbers from highest to lowest.
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Scenario: Your project is to help improve customer satisfaction  
with the phone support from the IT Help Desk.

As part of the project to improve satisfaction with the IT Help Desk, the team reviewed the 
check sheets (see Section 1.3) for the IT department from the employee satisfaction survey for 
the internal support services. You created a histogram by entering the number of times each 
category of complaint was indicated on the check sheets. You then ranked these in order, to 
create a Pareto chart. 

(continued)
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Help Desk Complaints

Based on the histogram, it is clear you need to address the issue of people being on hold 
too long, and then look at improving the time for calling people back. If you can improve those 
two issues, more than half of the complaints will be addressed.

(continued)

additional information

A Pareto chart is sometimes referenced in conjunction with the “80/20 rule,” which states 80 percent 
of the problems come from 20 percent of the causes.
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3.5 logical Data moDel

What it is

Logical data models are used to show entities, relationships, data, and how data is arranged. 
Logical data models are used to help promote a common understanding of business data elements 
and requirements, as well as provide a foundation for designing a database. The data model is 
used for a particular problem domain and is expressed independently of a specific database prod-
uct. Logical data models are used in IT projects to provide more detail than a conceptual data 
model (which shows entities and relationships only). Data models are often diagrammatic and are 
used to capture information important to an organization. They are technology independent and are 
strictly about the entities, data, and relationships.

Some of the terms you will need to be familiar with to understand this technique include:
entity. An object in a data model. For example, an address, a customer, or a product.
entity (or primary) key. The information that will identify and differentiate one set of data in an 

entity from any other. For example, if you are identifying a customer you can use the social security 
number as an entity key. Each customer will have a unique social security number, so that is the 
entity key that differentiates one customer from another.

entity attributes. The types of data that will go into the entity. For example, for a product entity 
you would have a product number, product description, wholesale cost, retail price, and product 
category.

entity relationships. Entities can have different relationships such as 1-to-1, 1-to-many, or 
many-to-many.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Identify the entities you will include in your model.
 2. Map the relationships between the entities.
 3. Identify the primary key (or entity key) for each entity.
 4. Specify the attributes for each entity.
 5. Normalize the data (reduce or eliminate any redundancies).
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Scenario: You are the project manager for a project to implement  
a childcare facility for your organization’s employees.

As part of the Childcare Center you are developing a mobile app to check children in and out 
of the center. This will allow you to know how many and which children are onsite at any given 
point in time. You will also have information about who can pick up the child, special dietary or 
medical needs, and their specific learning plans.
The entities you need are:

•	 Child information
•	 Family and guardian information
•	 Developmental information
•	 Nutrition information
•	 School readiness

After meeting with the school administrator, you identify the following relationships and  
primary keys.

Parent/Guardian Child

Belongs to

Nutrition

Developmental Aptitude Checks

Long-term
goalCell Number Name

Level

Diet

ID Number

Can eat

Is working
on
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additional information

The logical data model becomes an input to developing the physical data model, which you will 
use to convert the information from the entities into data tables, foreign keys, and data columns. 
Some examples of logical data models are Entity Relationship Diagram (ERD) or Universal Markup 
Language (UML).
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The primary key is shown under the entity. For example, the Parent/Guardian is the entity  
and the primary key is the cell number. Once you understand how data will flow and be used 
you can determine the entity attributes. This leaves you with the following completed logical 
data model: 

Parent/Guardian

First name
Last name
Address
Birthdate
Relationship
Other

First name
Last name
Middle name
Address
Birthdate
Note

Regular
Vegetarian
Vegan
Gluten free
Other

Social
Emotional
Reading
Writing
Numbers
Language

Social
Motor
Emotional
Language
Cognitive
Numeracy
Art
Music
Play

Child

Belongs to

Is working
on

Nutrition

Developmental School readiness

Cell Number Name

Level

Diet

ID Number

Can eat

Long-term
goal



3.6 minD mapping

What it is

A mind map is a technique that starts with an idea (or project) in the center. Then you branch out 
from the project and identify the main themes or deliverables associated with the idea. Each theme 
or deliverable has further details. The “branching out” continues until you have a completed mind 
map that provides an overview of the entire project or elements of a project under analysis.

hoW to use it

These steps can be used to draw out a mind map manually, or to create one on mind mapping 
software.

 1. Start with the central idea.
 2. Develop the major branches or categories associated with the main idea.
 3. Fill in the branches with the details (twigs) about the idea.
 4. Rearrange and fill in as needed until the resulting mind map is complete.

Scenario: You are the project manager for a project to implement  
a childcare facility for your organization’s employees.

Once the charter for the childcare center is signed, you meet with your core team to brain-
storm the components of the center. You start with the childcare center in the middle. Then you 
decide to look at deliverables associated with the curriculum, the arts, indoor activities, and the 
playground. You work with your team to break each of these into more detail and end up with a 
mind map that looks like this: 
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additional information

There is software that is designed specifically for mind mapping. You can just as easily use sticky 
notes so that you can move them around until you settle on a final mind map. If you want to be 
creative, you can draw, use icons, work with different color markers, and paste pictures on your 
mind map. Mind mapping can be a very creative and fun way to fill out the project deliverables or 
requirements.
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mind map

Monkey bars
Swing set

Slide
Teeter totter

Sandbox
Open areas

Games
Arts

Curriculum

Childcare
Center

Letters
Numbers
Stories

Music

Creating
Listening

Painting
Coloring

Visual

Crafts

Group activities

Individual activities

Playground

Indoor activities

PMP Prep, All-in-One For Dummies, 2nd Edition.



3.7 pRobability anD impact matRix

What it is

A probability and impact matrix (PxI matrix) is a grid that maps the likelihood of an event occurring 
and, if it does occur, its impact on project objectives. It is used during risk analysis to help prioritize 
project risks based on the combination of probability and impact.

When assessing probability you are assessing the likelihood of an event occurring. You are not 
assessing the likelihood of the event causing an impact, only the likelihood of it occurring. When 
you assess impact you are assuming the event will occur, and if it does, looking at the impact on 
one or more objectives.

For smaller or less critical projects, a probability and impact matrix can assess an impact on any 
objective (for example, scope, quality, cost, schedule, or stakeholder satisfaction). For a complex or 
large or critical project, you may want to have a separate PxI matrix for each objective.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary for your specific project.

 1. Begin with a Risk Register that identifies risk events associated with a project.
 2. Meet with team members, subject matter experts, or others with an understanding of the risk 

events. You might also consider any historical data from similar projects and their associated 
risk documentation.
a. Use the expertise of those present along with data from previous projects to determine the 

likelihood of each event occurring.
b. Use the expertise of those present along with data from previous projects to determine the 

impact on any project objective if the event does occur.
 3. The risk management plan has established definitions of “probability” and “impact.” Use the 

information in the risk management plan to rate the risk according to the definitions in the risk 
management plan.
a. For example, if a risk is considered 40 percent likely to occur, and the risk management 

plan shows a definition of “medium probability” is 40 to 60 percent, you would indicate that 
the risk has a Medium probability.
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b. If the impact to the schedule would be a nine-day slip on the critical path, and the risk 
management plan indicates that a slip between one and two weeks on the critical path is 
a High impact, then you would rate the impact as High.

 4. If the risk management plan does not already have a grid in place that reflects the probability 
and impact outcomes, create one.

 5. Map the individual risks onto the probability and impact matrix.

Scenario: You are the project manager for a project to implement  
a childcare facility for your organization’s employees.

You call a risk meeting with your project team, the general contractor, and the procurement spe-
cialist for the project. You have identified many events or conditions that could occur which would 
negatively impact the project. We will focus on three that impact the schedule for this example.

Risk 1: Because the security cameras you selected are on back order, there is a possibility that 
they will not arrive as scheduled. The cameras are an integral part of the security system and need 
to be wired and tested before the childcare center can open. They are not currently on the critical 
path; however, if they are more than three weeks late, they will cause a delay to the opening.

Risk 2: The city might not approve plans, causing rework and a delay in the construction 
phase.

Risk 3: Lily, (a team member) may be reassigned to a higher-priority project, causing a 
schedule delay while we find a replacement and orient them to the project.
Below is an excerpt from the risk management plan.

DEFINITIONS OF PROBABILITY

Very High—80 to 99 percent likelihood of occurrence
High—60 to 79 percent likelihood of occurrence
Medium—40 to 59 percent likelihood of occurrence
Low—20 to 39 percent likelihood of occurrence
Very Low—1 to 19 percent likelihood of occurrence

DEFINITIONS OF SCHEDULE IMPACT

Very High—A slip on the critical path of greater than two weeks
High—A slip on the critical path greater than one week and less than two weeks
Medium—A slip on the critical path of up to one week
Low—A slip on a noncritical path that uses all the float
Very Low—A slip on a noncritical path that uses some float, but not all the float

Using these definitions, you rate the risks as follows:

iD Risk prob. impact

1 Because the security cameras you selected are on back order, there is a possibility  
that they will not arrive as scheduled.

5 5

2 The city might not approve plans, causing rework and a delay in the construction phase. 2 5
3 Lily may be reassigned to a higher priority project, causing a schedule delay while we 

find a replacement and orient the new recruit to the project.
2 2

(continued)
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You then map these risks onto the probability and impact matrix as shown here.

p
R

o
b

a
b

il
it

y
5 #1
4

3

2 #3 #2
1

1 2 3 4 5

impact

= High Risk = Medium Risk = Low Risk

This ranking shows you which risk events you should address first. Weigh this informa-
tion with the relative urgency (how close the event is to occurring) to help you fine-tune your 
priorities.

(continued)

additional information

There are many ways you can tailor your PxI matrix to reflect the risk appetite of your organization. 
Here are three ways to help you adapt the PxI matrix to be more reflective of your particular project:

 1. You can change the definitions of probability and impact, making them more restrictive or 
looser depending on whether your project requires a more risk-averse or more risk-taking 
attitude.

 2. You can change the numbering scheme for the probability and/or impact. For example, you 
can change the numbers from 1, 3, 5, 7, 9 to .5, 1, 2, 4, 8 to show a lower value for lower 
risks. The second scheme doubles the value every time it goes up an increment.

 3. You can change the shading of the risk matrix. Putting more squares in the High Risk category 
reflects a lower risk appetite. Putting more squares in the Low Risk category reflects a greater 
risk appetite.
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3.8 ResouRce bReakDoWn stRuctuRe

What it is

A resource breakdown structure decomposes resources from a high level to a more detailed level. 
It can be used for physical resources, team resources, or both. You can use a resource breakdown 
structure for resource planning. At the start of the project, you would have the types of resources; 
as you progressively elaborate the information, you would get to the numbers of resources, the skill 
levels of the participants, and ultimately the names of the resources.

hoW to use it

 1. Identify the high-level types of resources you will need for your project, such as people, mate-
rials, equipment, locations, supplies, and so forth.

 2. Decompose each high-level resource into finer levels of detail as appropriate.

Scenario: You have been asked to meet the physical growth  
needs of Top Dog Project Services.

You are reviewing information for the Idaho Falls location of Top Dog Project Services. They are 
remodeling an old downtown building as part of an urban renewal program. To help you develop the 
budget, they are identifying the skills and skill levels they will need to build out the building that is being 
renovated. This is an excerpt that focuses on the tradespeople who will be working on the project. 

General
Contractor

Carpentry Electrical Plumbing HVAC Cabling

Finish
Carpenter

Journeyman
Electrician

Apprentice
Electrician

Journeyman
Plumber

Apprentice
Plumber

HVAC
Mechanic

HVAC
Apprentice

Cable
Technician

Cable
ApprenticeFramer

Labor



 102   3.8 Resource breakdown structure

additional information

You can use the resource breakdown structure to help with resource optimization (see Section 6.9), 
for cost estimating, developing the schedule, resource planning, communication planning, risk man-
agement, and stakeholder engagement.
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3.9 Responsibility assignment matRix

What it is

A responsibility assignment matrix (RAM) is a matrix with the project work shown in the left-most 
column and the available resources across the top. The matrix shows the resources assigned to the 
work, and the way they will support the work.

Project work can be shown at various levels of detail depending on where it is in the project life 
cycle. At the start of planning the project, work may be shown at a control account or work pack-
age level. If you are using progressive elaboration, such as rolling wave planning (Section 6.10), 
you can show work at the activity level. Resources are also progressively elaborated. At the start of 
planning the project, you may have a high-level description, such as “programmer,” “crane opera-
tor,” or “engineer.” By the time you have detailed plans developed you will likely have the names of 
the resources that are assigned to the work.

You can categorize the various roles that resources will fulfill to support the work. For example, you 
might have someone accountable for the work getting done, someone else might sign off on the deliver-
able, and another person might provide input or consultation for the work. Documenting the type of sup-
port helps to communicate expectations for everyone involved in working on or supporting the project.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary depending on your environment 
and where you are in the project life cycle.

 1. List each deliverable (or work package, control account, or activity, depending on where you 
are in the project life cycle) in a column on the left-hand side of a matrix chart.

 2. List each resource that has any kind of role in the project across the top of the chart. Your 
resources may include people who are not part of your team, such as a permitting agency, 
senior management, outside consultants, and the like.

 3. Determine the categories of work or support that will be used on the matrix (responsible for 
the work, approves the work, etc.).

 4. Document the categories in a legend or key so people reading the chart will know how to 
interpret it.

 5. Fill in the matrix to show which resources perform work or support each deliverable.
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Scenario: You have been asked to meet the physical  
growth needs of Top Dog Project Services.

You work for the Idaho Falls location of Top Dog Project Services. You are remodeling an old 
downtown building as part of an urban renewal program. At this point in the project you are 
doing high-level planning for the buildout. This is an excerpt from the responsibility assignment 
matrix (RAM) that focuses on the trades work.

project 
manager

general 
contractor electrician plumber hVac

cable 
technician

city 
inspector

Develop schedule A C/S C/I C/I C/I C/I

Develop electric 
schematics

I S A

Develop plumbing 
schematics

I S A

Develop hVac 
schematics

I S A

Develop cabling 
schematics

I S A

electrical work I S A S

plumbing work I S A S

hVac work I S A S

cable work I S A S

legend:
Accountable
Inform
Sign Off
Consult

This RAM indicates that the tradespeople will be consulted about the schedule, and will be 
informed when it is developed by the project manager. The general contractor will sign off on all 
schematics and all finished work. The city inspector will sign off on all finished work. The project 
manager will be kept informed as each deliverable is completed. Each tradesperson is account-
able for performing his or her specific area of work.

When this work is further elaborated there will be more detailed activities, and more detailed 
information about the resources.

additional information

A common type of responsibility assignment matrix is a RACI1 chart. RACI stands for

R = Responsible. The person who does the work
A = Accountable. The person who ensures the work is done as required. This person may del-

egate the work to the responsible person, or do the work him- or herself. The accountable 
party is the person the project manager considers as owning the work.

1 A Guide to the Project Management Body of Knowledge, Sixth Edition. PMI. Newtown Square, PA.
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C = Consult. Consult can mean a consultant, or anyone who is consulted for the work. This can 
include a subject matter expert, a team member, the customer, or any other resource who 
provides information and input to the deliverable.

I = Inform. These are people who are informed about the work.

In the RACI version there is always one “A” and only one “A.” This ensures that there is always 
only one person who is answerable for the work getting done.
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3.10 scatteR DiagRams

What it is

A scatter diagram is a graph plotted along an x and y axis. The purpose is to show the relationship 
between two variables. For example, if you were to plot the amount of budget spent on a task and 
the remaining duration of the task, you would expect to see a negative correlation. The duration 
should shrink as more of the budget is spent. You would expect to see a positive correlation if you 
were tracking resources added to the project and budget expended.

hoW to use it

A scatter diagram is used to show the relationship between two variables. Thus, we assume the 
work of gathering the information is complete. This explanation only describes how to create the 
chart. 

 1. Identify the two variables you want to assess for correlation.
 2. Assign one variable to the x axis and one to the y axis.
 3. Plot your data.
 4. Select the data and insert a scatter chart.

Scenario: Your project is to help improve customer satisfaction  
with the phone support from the IT Help Desk.

As part of developing a plan to improve satisfaction with the IT Help Desk you decide to cre-
ate a few scatter charts to identify some of the key correlations between satisfaction ratings 
and other variables. The first scatter diagram you develop shows the relationship between the 
number of Help Desk staff and the percent of time the Help Desk was within the upper speci-
fication limit (see Control Charts in Section 3.2 for more information on specification limits). As 
expected, there was a positive correlation, which means that as one variable increases, the 
other increases. A perfect 1:1 correlation gives you a straight diagonal line.
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The next thing you measure is the relationship between the number of complaints and the 
length of employment. This result showed a negative correlation, where the longer someone 
worked there, the fewer complaints they received. 
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Complaints and Length of Employment

Based on this information you can make some recommendations for changes with regard 
to staffing and training for newer employees.

additional information

Scatter diagrams are the foundation for regression analysis, which is a widely used statistical tech-
nique that estimates the relationship among variables. Regression analysis is described in Section 2.9.

In addition to a positive and negative correlation, you may see a curvilinear correlation that starts 
high, diminishes, and then increases again at the other extreme.
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3.11 stakeholDeR mapping

What it is

A stakeholder engagement assessment matrix is used to show where stakeholders are, and where 
you would like them to be in relation to their support of the project. Once you have done an initial 
analysis of the stakeholder community (see Section 2.13), you can take it a step further by creat-
ing a stakeholder engagement assessment matrix to help guide your plan to optimize stakeholder 
engagement.

This matrix shows different levels of awareness and support.

stakeholder unaware unsupportive neutral supportive Driver*

* The difference between someone who is “supportive” and someone who is a “driver” is the amount of power that person has to 
impact the direction of the project or to create major change with the project.

hoW to use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Start with your stakeholder register and your stakeholder analysis results (Section 2.13).
 2. Work with your team to review all stakeholders, and plot each one on the chart with a “C” for 

current state.
 3. Discuss where you would like each to be, and what is reasonable to expect. We would all like 

all stakeholders to be supportive of our projects, but that is not a reasonable expectation.
 4. Mark a “D” on the chart to indicate the desired state.
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Scenario: You are the project manager for a project to implement  
a childcare facility for your organization’s employees.

You are meeting with your team to analyze your stakeholders. You go through the regis-
ter to assess the current level of engagement with the stakeholders and come away with the 
following:

stakeholder unaware unsupportive neutral supportive Driver

Sponsor C

Company employees C

Facilities department C

Project team C

Parents C

Children C

Childcare staff C

Senior management C

After a bit more discussion you are pleased that most of the stakeholders are in the desired 
state. For the few who are not, you develop communication strategies to help move them 
toward where you would like them to be.

stakeholder unaware unsupportive neutral supportive Driver

Sponsor CD

Company employees C D

Facilities department C D

Project team CD

Parents CD

Children CD

Childcare staff CD

Senior management C D

additional information

You can tailor the column titles to represent whatever you feel is appropriate given the needs of 
your project.

PMBOK® Guide – Sixth Edition References

10.1 Plan Communications Management
10.3 Monitor Communications
13.2 Plan Stakeholder Engagement
13.4 Monitor Stakeholder Engagement





                                                        Part   4 

Estimating                        



Estimating is a way of life on projects. We are continually estimating durations, resource needs, and 
costs. This section covers some of the most common estimating methods used in project manage-
ment, such as analogous, parametric, and three-point estimating.

Forecasts are also estimates, so forecasting techniques such as estimate at completion (EAC) 
and variance at completion (VAC) are included in this section. The forecasting techniques described 
in this book use earned value management techniques.

The techniques described in this section include:

•	Analogous estimating
•	Bottom-up estimating
•	Estimate at completion
•	Estimate to complete
•	Parametric estimating
•	To-complete performance index
•	Three-point estimating
•	Variance at completion

It is a good practice to apply more than one estimating or forecasting technique when possible. 
If the two estimates are significantly different, you should investigate why they are different to make 
sure you have identified all the scope, assumptions, and other information necessary to produce a 
valid estimate.

These estimating and forecast techniques are not the only viable techniques. However, they are 
the ones most frequently used in project management. Other techniques are used in a generalized 
business environment, and thus are not described in this book.

4.0 Estimating tEchniquEs



4.1 analogous Estimating

What it is

In its most basic form analogous estimating compares past projects with the current project, deter-
mines the areas of similarity and the areas of difference, and then develops an estimate based on 
that information.

A more robust application determines the drivers for the estimate and analyzes the relationship 
between past similar projects and the current project. Drivers can include size, complexity, weight, 
or other aspects of the component for which you are developing an estimate.

Analogous estimates are often used early in the project at a high level. There is an expectation 
that there will be a range of estimates and that the range will be progressively narrowed as more 
detailed information is uncovered. However, you can develop an analogous estimate at any level of 
detail.

The benefits of using analogous estimates are that they are relatively quick to develop, and 
they’re not very costly to develop. However, because they’re usually done at a high level, they’re 
not the most accurate method.

hoW to usE it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Identify a previous, similar project or projects. Make sure the projects are really similar, not just 
apparently similar.

 2. Determine the aspects of the project that are most likely to influence the cost or duration 
(drivers).

 3. Compare those aspects to the current project and derive a multiplier or divisor to reflect the 
difference between the projects.

 4. Multiply the information from the previous project by the multiplier for each driver (or the proj-
ect as a whole) to determine the analogous estimate for the current project.

 5. Sum the component parts, review for accuracy, and refine as needed to reflect the current 
project.
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Scenario: You are the project manager for a project to implement  
a childcare facility for your organization’s employees.

Duration Estimate Example

You need to develop training materials for the childcare center staff. The training will take two 
days. You developed a similar training program a few months ago, but that program was three 
days long. To develop the estimate you follow these steps.

Step 1. Reduce your estimate by 33 percent to account for the shorter training duration.
Step 2. Because this new training program is relatively complex compared with the earlier 

one (it includes first aid, food prep, and safety training), increase the duration by 10 percent for 
a complexity factor.

Step 3. The first training class required four hands-on demonstrations, but this one only 
needs three. You spent 40 hours developing the demonstrations in the last project; therefore, 
you reduce that amount by 25 percent to end up with 30 hours.

This table shows how you developed the estimate.

last class Effort this class modifier modified Estimate

3 days 200 hours 2 days –33% 133

Easy Included Complex +10% 13

4 demos 40 hours 3 demos –25% 30

total 240 hours 176 hours

Cost Estimate Example

To get a high-level cost estimate for remodeling the space you can look for information from a 
remodel that your organization recently did and adjust those estimates to fit the current proj-
ect. If the company doesn’t have that history, your contractor will surely be able to pull from his 
expertise and recent experience. The scenario might sound something like this:

We recently took 5,000 square feet of new space that hadn’t been built out at all and put in a 
childcare facility. That project ended up costing $550,000. But, for this project, we have to demo 
the existing space, so that will add about 10 percent. However, this project is only 4,000 square 
feet, so that’s 20 percent less space.

Step 1. Add the 10 percent for demo. That brings the cost to $605,000.
Step 2. Multiply $605,000 by 80 percent to get an analogous estimate of $484,000.

additional information

Analogous estimating is the most frequently used form of estimating, even if we don’t know we 
are using it. We automatically look to past experiences to help us estimate current projects. This 
method can be used to estimate durations, costs, and resources.
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To use this method effectively, projects must be similar in fact, not just in appearance. 
Remodeling an office building in New York City and remodeling an office building with the same 
footprint, in Olympia, Washington, are going to have very different logistics requirements and the 
cost of resources will be very different.
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4.2 Bottom-up Estimating

What it is

Bottom-up estimates are detailed estimates. They include information about all associated costs 
with an activity or a work package. Bottom-up estimates can include such things as technical 
requirements, engineering drawings, effort duration estimates, rate estimates, and other direct and 
indirect costs. These are used to determine the most accurate estimate possible. Bottom-up esti-
mating is the most accurate form of estimating because of the level of detail associated with the 
estimate. However, you can employ this type of estimating only toward the end of planning, when 
you have detailed information about the scope. For large projects, bottom-up estimating is a very 
time-intensive and therefore costly process.

Some cost categories that are included in a bottom-up estimate include:

•	Travel
•	Certification
•	Shipping and handling
•	Licenses
•	Regulatory requirements
•	Legal requirements
•	Permits
•	Security costs
•	Inflation estimates
•	Cost of money
•	Exchange rates
•	Procurement costs
•	Contingency and management reserve
•	Consultant costs

hoW to usE it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Determine the labor effort for each deliverable.
 2. Identify the labor rate for each deliverable.
 3. Multiply effort hours times the labor rate.
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 4. Determine the physical resources you need:
a. Equipment
b. Material
c. Supplies
d. Locations

 5. Identify the rates for each physical resource.
 6. Calculate the cost estimate for each physical resource by multiplying the amount times the rate.
 7. Identify other direct costs.
 8. Identify other indirect costs.
 9. Determine the contingency reserve.
 10. Aggregate all the labor, material, direct, indirect, and reserve cost estimates

Scenario: You have been asked to meet the physical growth needs of  
Top Dog Project Services.

You are working with the Pennsylvania office to lease a building in a new office park to accom-
modate the expansion of the company’s workforce. You are almost done with the Organizing 
Phase of the project and are just putting the cost baseline together. You have worked with the 
architecture firm and the general contractor to develop a detailed cost estimate for the Design 
Phase. The architecture bottom-up costs are presented here.

laBoR labor hours labor Rates per hour total labor

Sr. Architect 175 $225 $39,375

Jr. Architect 600 $165 $99,000

Administrative 250 $55 $13,750

Project Manager 150 $125 $18,750

General Contractor 100 $115 $11,500

Total Labor Costs     $182,375

phYsical REsouRcEs amount Rate total Resources

Equipment 0   $—

Material 0   $—

Supplies $6,550 $6,550

Locations 0   $—

Total Resource Costs     $6,550

othER amount Rate total

Direct Costs      

Travel (mileage) 500 $0.55 $275

Permits 5 various $11,300

Indirect Costs      

Overhead   2% $4,010

Contingency   5% $20,451

Bottom-up EstimatE     $224,961
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additional information

The bottom-up estimating method is most often used for costs and resources. It can be used for 
effort and duration estimates for scheduling; however, to determine the duration of the project the 
network diagram must be developed and the critical path identified.
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4.3 EstimatE at complEtion

What it is

Estimate at completion (EAC) is a forecasting technique that estimates the total funding needed for 
the project, deliverable, control account, or work package. In essence, the EAC is the estimate to 
complete (ETC) plus any expenditures already incurred. To find out more about ETC, read Section 
4.4. This technique builds on the information presented for the ETC.

Here are the abbreviations for the earned value terminology used in this technique:

PV = Planned value
AC = Actual cost
EV = Earned value
BAC = Budget at completion
ETC = Estimate to complete
EAC = Estimate at completion
CPI = Cost performance index (EV/AC)
SPI = Schedule performance index (EV/PV)
CSI = Cost-schedule index (CPI × SPI)

For more information on earned value analysis, see Section 2.5. For more information on perfor-
mance indexes, see Section 2.8.

The simplest formula to show the EAC is:

ETC AC EAC+ =

Another way of showing it is:
BAC EV AC EAC− + =

This formula is used if the current cost variance is not expected to continue. It assumes that any 
existing variance is a one-time event. Most people do not consider this a valid way of calculating 
the EAC.

You can get a more accurate estimate by dividing the work remaining by a performance index. 
The performance index that is most often used is the CPI. Thus, the equation is:

BAC EV
CPI

AC EAC
− + =



 120   4.3 Estimate at completion

This formula is used if the current cost variance is expected to continue at the same rate. Some 
people consider this the best-case scenario EAC. This equation has a shortcut:

BAC
CPI

Another equation that is used to develop an EAC uses both the cost and schedule performance 
indexes. When considering cost and schedule indexes you assume that both the cost and sched-
ule performance will impact the total cost of the project. Some people consider this the most likely 
scenario, others the worst case. The equation for this is:

BAC EV
CPI SPI

AC EAC
−

×
+ =

CPI × SPI can be called the cost-schedule index and is abbreviated as CSI.

hoW to usE it

If your original estimates were accurate:

 1. Calculate the total value of all work completed on your project (your earned value, or EV).
 2. Subtract that amount from the total budget (BAC).
 3. Add the actual costs incurred to date (AC).

The resulting amount is your estimate at completion for the project.

If your work remaining will continue at the same cost variance as the completed work:

 1. Divide your budget at completion (BAC) by your cost performance index (CPI).

If your work remaining will be impacted by your cost and schedule performance:

 1. Calculate the total value of all work completed on your project (EV).
 2. Subtract that amount from the total budget (BAC) to get the value of your work remaining.
 3. Multiply your cost performance index (CPI) times your schedule performance index (SPI) to 

get your cost-schedule index (CSI).
 4. Divide the value of your work remaining by your cost-schedule index (CSI).
 5. Add your actual costs incurred to date (AC).

Scenario: Build Twin Pines Medical Plaza, a new state-of-the-art  
medical resource center.

This example builds off the example in the earned value analysis technique described in Section 
2.5. You have completed the groundbreaking, the foundation, the steel frame, and you are 85 
percent done with the shell. Here are the numbers:
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Work planned Value percent complete Earned Value actual costs

Groundbreaking 4,500,000 100 4,500,000 4,500,000

Foundation 15,000,000 100 15,000,000 15,874,000

Steel Frame 18,000,000 100 18,000,000 18,952,250

Shell 40,500,000 85 34,425,000 36,105,800

total 78,000,000 71,925,000 75,432,050

The information in the Total Row indicates the cumulative values to date. The total budget 
for the construction is $126,000,000.

The EAC, assuming the rest of the values were estimated correctly, is:

BAC EV AC EAC− + =

$ , , $ , , $126 000 000 71925 000− + =75,432,050 129,507,050

The EAC, assuming the rest of the work will continue at the same level of cost performance 
as the work done to date, is:

BAC
CPI

EAC=

$ , ,
.

126 000 000
95

= $132,631,579

The EAC, assuming the work remaining will be impacted by your cost and schedule perfor-
mance, is: BAC EV

CPI SPI
AC = EAC

−
×

+

126 000 000 71925 000
95 92

, , $ , ,
. .

$
−
×

+ =75,432,050 EAC

$ , ,
.

$
54 075 000

87
+ =75,432,050 $137,587,222

You can see there is a significant variance in the EACs depending on which assumptions 
you think are valid. Therefore, it is important to do some research into what is happening before 
you select the EAC you will use.

additional information

An EAC is often referred to as the “latest revised estimate,” or LRE.
There are many ways to calculate an EAC. The most important idea to keep in mind is that you 

want to use a model that reflects the reality of your project situation. One way you can fine-tune the 
model is to change the weighting of the CSI. For example, if you think that both cost and schedule 
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will impact your final costs, but you think the CPI will have a more dominant impact than the SPI, 
you can weight them, for example, [(CPI x .8) + (SPI x .2)]. You can use any weighting you think is 
reflective of what is happening on your project.

Another way to fine-tune your EAC is to look at the most recent performance. If you are on a 
three-year project and the overall project CPI is .92, but the CPI over the past six months is .95, 
then you might want to use .95, as it is a better indicator of future work performance.
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4.4 EstimatE to complEtE

What it is

Estimate to complete is a forecasting technique that estimates the funding needed to complete all 
the remaining work. It can be performed for the entire project or for a deliverable, control account, 
or work package.

Forecasts are usually developed when you are in the midst of a project. At that point, you 
usually have more accurate information than you did when you developed your initial estimates. 
Therefore, the most accurate way to develop an estimate to complete (ETC) is to develop an esti-
mate for the remaining work given what you know at the present time. The new estimate should 
take into account labor rates, production rates, the project environment, existing staffing, risks, and 
anything else you know about the project.

Developing a new ETC can be quite time consuming on a large project. Therefore, you may 
want to use some of the mathematical methods of developing an estimate to complete. The math-
ematical methods are applied when using earned value analysis and use the same abbreviations. 
As a refresher, here are the abbreviations for terms used in an ETC calculation:

AC Actual cost=

EV Earned value=

BAC Budget at completion=

CPI Cost performance index=

For more information on earned value analysis, see Section 2.5. For more information on the 
cost performance index, see Section 2.8.

The first calculation assumes that your original estimates were accurate and that the future 
work will continue to be based on accurate estimates. In this case, your estimate to complete 
would be the budget less the value you have earned (accomplished) so far. This is represented as 
ETC = BAC – EV.

The second calculation assumes that any cost variance you have experienced thus far will con-
tinue at the same rate. This is represented as ETC = (BAC – EV)/AC. In essence, this forecast 
calculates the remaining work and divides by the current CPI to develop a forecast of the final cost, 
assuming the future expenditures will occur with the same efficiency as the past expenditures.
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hoW to usE it

The steps below are to create a mathematical model of your ETC. If you want to conduct a new 
bottom-up estimate to complete, see the information for bottom-up estimating in Section 4.2.

If your original estimates were accurate:

 1. Calculate the total value of all work completed on your project. Note that the total value of 
work completed is not how much you paid, but rather the total of the budgeted value of 
the work completed. In other words, the sum of the budgets for the work you have already 
accomplished.

 2. Subtract that amount from the total budget.

The resulting amount is your estimate to complete the remaining work.

If your remaining work will continue at the same cost variance as the completed work:

 1. Complete Steps 1 and 2 above.
 2. Divide the value of the work you completed (the earned value) by the cost to complete the 

work (actual cost): EV/AC. This number is your cost performance index (CPI).
 3. Divide the result from Steps 1 and 2 above (value of the remaining work) by the CPI:

BAC EV /CPI−( )

Scenario: Build Twin Pines Medical Plaza, a new  
state-of-the-art medical resource center.

This example builds off the example in the earned value analysis technique described in Section 
2.5. You have completed the groundbreaking, the foundation, the steel frame, and you are 85 
percent done with the shell. Here are the numbers:

Work planned Value percent complete Earned Value actual costs

Groundbreaking 4,500,000 100 4,500,000 4,500,000

Foundation 15,000,000 100 15,000,000 15,874,000

Steel Frame 18,000,000 100 18,000,000 18,952,250

Shell 40,500,000 85 34,425,000 36,105,800

total 78,000,000 71,925,000 75,432,050

The information in the Total row indicates the cumulative values to date. The total budget for 
the construction is $126,000.000.

The ETC, assuming the rest of the values were estimated correctly, is:

BAC EV ETC− =

$ , , $ , , $ , ,126 000 000 71925 000 54 075 000− =
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Notice that you have spent $75,504,150. Therefore, you have $50,495,850 left in your bud-
get, and $54,075,000 worth of work left to accomplish.

The ETC, assuming the rest of the work will continue at the same level of cost performance 
as the work done to date, is:

BAC EV
CPI

ETC
− =

$ , , $ , ,
$ , ,
$

$ , ,126 000 000 71925 000
71925 000

54 075 000

75,432,050

− =
..95

56,921,053= $

You have spent $75,432,050. Therefore, you have $50,967,950 left in your budget, and 
$54,075,000 worth of work left to accomplish.

additional information

Earned value management is usually only used on very large projects. However, this method of 
forecasting is relatively simple. As long as you have good estimates for your work and you can 
compare them to what the work actually cost, you can develop an estimate to complete.
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4.5 paRamEtRic Estimating

What it is

Parametric estimating uses a mathematical model or statistical relationship to determine cost, dura-
tion, or resource needs. Not all work can be estimated this way, but for estimates that have quantifi-
able estimating relationships, it is fast and easy.

Parametric estimating is easy if you have a simple model such as cost per square foot. It can 
get more complex as you add more variables. If you set up this kind of estimation model on a 
spreadsheet, it’s relatively simple to change the parameters of your assumptions (such as the num-
ber of machines) or basis of estimates (cost per machine).

hoW to usE it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Identify a quantifiable estimating relationship for your project.
 2. Find an estimating database, an expert in the field, or resource that would have cost or dura-

tion ratios for the aspect of your project you are estimating.
 3. Apply the ratio or equation to your project and adjust for any unique variables.

Scenario: You are the project manager for a project to implement  
a childcare facility for your organization’s employees.

Duration Estimate Example

You need to paint the childcare center. It is 6,000 square feet. You ask the painting contractor 
how long it will take. He says a painter can cover about 100 square feet per hour. Therefore, 
you can assume 60 hours of effort. He plans to have three painters on the job. You divide the 60 
hours of effort by 3 resources to determine it will take 20 hours, or the equivalent of 2.5 days.

Cost Estimate Example

To get a high-level estimate to build out the childcare center, the general contractor estimates 
that this type of job costs about $120 per square foot. You have 6,000 square feet. Thus, you 
estimate the cost to be $720,000.
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additional information

You can use parametric estimating for the entire project, such as the cost per square foot to build a 
home, or for a specific deliverable. Many of the estimating databases you can find online are devel-
oped using parametric models. The more data that goes into the model, the more accurate the 
model is likely to be.
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4.6 to-complEtE pERfoRmancE indEx

What it is

The to-complete performance index (TCPI) indicates how efficiently you must perform for the rest 
of the project to meet your original BAC, or a specific EAC. It divides the remaining work by the 
remaining funds. It is the ratio of the “work remaining” to the “funds remaining.” The formulas are 
shown below.

BAC EV
BAC AC

−
−

BAC EV
EAC AC

−
−

Notice that the first equation uses the BAC in the denominator. Use this equation if you want to 
determine the efficiency rate at which you need to perform in order to meet your budget.

The second equation uses EAC in the denominator. Use this equation if you want to determine 
the efficiency rate at which you need to perform in order to meet the EAC number used in the 
denominator.

The TCPI tells you the cost efficiency you must achieve for the rest of the project to meet the 
target (either BAC or EAC). In other words, for every dollar you spend you have to get X amount of 
value, where X = TCPI.

hoW to usE it

To calculate the TCPI you will need:

•	BAC (budget at completion)
•	EAC (estimate at completion, if you are using EAC as a target)
•	EV (earned value)
•	AC (actual cost)

These terms are defined in Section 2.5.
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If you want to achieve your original budget estimate:

 1. Subtract your earned value (EV) from your BAC to get the value of the work remaining.
 2. Subtract your actual cost (AC) from your BAC to determine the funds remaining.
 3. Divide the work remaining by the funds remaining.

This gives you the performance efficiency you must achieve to deliver at the original budget 
estimate.

If you want to achieve an estimate at completion:

 1. Subtract your earned value (EV) from your BAC to get the value of the work remaining.
 2. Subtract your actual cost (AC) from your EAC to determine the funds remaining.
 3. Divide the work remaining by the funds remaining.

This gives you the performance efficiency you must achieve to achieve the estimate at 
completion.

Scenario: Build Twin Pines Medical Plaza, a new state-of-the-art  
medical resource center.

This example builds off the example in the earned value analysis technique described in Section 
2.5 and the estimate at completion calculations described in Section 4.3.

At this point in the landscaping project you have the following information:

BAC = $ , ,126 000 000

EV 71925 000= $ , ,

AC 75,432,050= $

EAC 132,631,5791= $

Given this information you first calculate the TCPI necessary to meet the original budget of 
$126,000,000: $ , , $ , ,

$ , , $
126 000 000 71925 000
126 000 000

−
−

=
75,432,050

1.07

This means to achieve the BAC, for the remainder of the project, you need to get $1.07 
worth of value for every dollar you spend. Given that you are partway through the project, and 
you are thus far getting .95 for every dollar you spend (the CPI is .95), it isn’t likely that you will 
improve by 12 cents on the dollar from now on.

A more realistic target is the EAC. The TCPI using the EAC is:

$ , , $ , ,
$ $

126 000 000 71925 000−
−

=
132,631,579 75,432,050

.95

1This is the EAC derived using the BAC/CPI equation. It assumes the cost variance will continue, but that the schedule 
performance will not impact the cost.

(continued)
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This tells you that if you want to achieve the current EAC, you need to keep performing 
at the same rate. In other words, if the future performance is consistent with the past perfor-
mance, the result will be that your EAC will remain realistic. If you perform better, you will deliver 
for less than the EAC; if you perform worse, you will deliver for more than the EAC.

additional information

This is a great equation to see whether your expectations are realistic. Many times those account-
able for performing the work, whether they are in-house resources or contractors, tend to have an 
optimistic bias. They somehow think that performance will improve and they will hit their original 
target. Because future work is different from past work, it’s possible. However, history shows it is 
highly unlikely. For this reason, I sometimes call this the “Let’s get real” index.
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4.7 thREE-point Estimating

What it is

This is a great technique to use when you need to account for uncertainty in your estimates. When 
a lot of uncertainty, risk, or unknowns surround an activity or a work package, three-point estimat-
ing will give you a range of outcomes and an expected duration or cost estimate. It is called three-
point estimating because you start with three estimates. The first estimate represents the best-case 
scenario, also known as an optimistic estimate. The next is what you consider the most likely sce-
nario, and the last is the worst-case or pessimistic estimate. Notice we use the word “scenario.” 
This is because you are developing estimates based on an assumed situation. Consider these defi-
nitions of “optimistic,” “most likely,” and “pessimistic:”

optimistic. The optimistic scenario means that you have all your required resources, nothing 
goes wrong, everything works the first time, and there are no risks or issues that occur. This 
is represented as an O, for “optimistic.”

most likely. The most likely scenario accounts for the realities of project life, such as someone 
being called away for an extended period, work interruptions, things not going exactly as 
planned, and a few issues occur. This is represented as an M, for “most likely.”

pessimistic. The pessimistic estimate assumes unskilled resources or not enough resources, 
much rework, delays in work getting done, and multiple risks and issues occur. This is repre-
sented as a P, for “pessimistic.”

The simplest way to develop a three-point estimate is to sum the three estimates and divide by 
three. This gives you an average. However, this isn’t the most accurate way because it assumes an 
equal probability that the optimistic, most likely, and pessimistic scenarios would occur, and that’s 
not realistic. In reality, the most likely estimate has a greater chance of occurring than either the 
best-case or worst-case scenarios. Therefore, a more accurate technique is to weight the most 
likely scenario and take a weighted average. The most frequent method of calculating a weighted 
average is:

Optimistic 4 Most Likely Pessimistic

6

+ ( ) +

Notice that the numerator has six factors you are adding; therefore, the denominator to calcu-
late the average is 6.
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While the distribution equation above is the most frequently used, it is certainly not your only 
option. If you have historical data, or expertise available that shows that the likelihood of the opti-
mistic, pessimistic, and most likely estimates is different, then use those distributions. For example, 
you may have historical data that shows the last 20 times you have performed a similar activity 
the optimistic estimate was valid 4 times, the most likely was closer to accurate 8 times, and the 
pessimistic estimate was closer to accurate 8 times. In that case, you would use an equation that 
reflected your experience, such as this:

Optimistic 2 Most Likely 2 Pessimistic

5

+ ( ) + ( )

This shows that the most likely and pessimistic outcomes are twice as likely to occur as the 
optimistic outcome. As with all things associated with math, use the numbers to build a model that 
reflects what you think is true.

hoW to usE it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Interview the people who will be doing the work for which you are developing an estimate.
a. Talk with them about what the cost or duration estimate would be if everything went well. 

Discuss what “everything going well” would look like.
b. Then ask them what they expect will happen, given the current environment and their 

experience with this type of work.
c. Last, ask them what the cost or duration estimate would be if there were a lot of challenges 

and get an idea of what those challenges could be.
 2. Determine your weighting factors.

a. The [optimistic + 4(most likely) + pessimistic]/6 is the most common.
b. If you prefer an equation that uses a different weighting method, apply that along with your 

rationale and assumptions for your weighting decisions.
 3. Apply the calculations to determine the expected outcome (expected cost or expected 

duration).

Scenario: Develop an eight-hour in-house training video to prepare  
employees for an industry certification.

You are going to bring in an employee from another office to use as the talent in the video. You 
are working up the estimates for the plane fare for the employee to come to the videotaping 
site. You do some research on plane tickets. Based on the time of year and how far in advance 
you purchase the tickets, you come up with some estimates.

•	 If she travels during normal business days (no holidays) and you purchase the ticket three 
weeks in advance, you can get a cost as low as $300 per round trip. This is the best-case 
scenario.
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•	 More likely, though, you won’t book until two weeks prior to the trip, which will cost $450.
•	 However, in the past, you’ve had only 48 hours’ advance notice, and if this occurs during a 

holiday, you’re looking at a cost of $1,200 per round trip.
•	 Using the weighted average, you determine your expected cost to be

$ $ $
$

300 4 450 1200

6
550

+ ( ) +
=

additional information

You may see this referred to as a beta distribution or PERT estimating. (PERT stands for program 
evaluation and review technique.) This was a technique developed in the late 1950s to derive a 
range of estimates and an expected estimate, given the uncertainty in a project.

You may see the estimates annotated for time or cost, as shown below:

•	to for “time optimistic”
•	tm for “time most likely”
•	tp for “time pessimistic”
•	co for “cost optimistic”
•	cm for “cost most likely”
•	cp for “cost pessimistic”
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4.8 VaRiancE at complEtion

What it is

A variance at completion (VAC) measurement tells you the difference between your budget at com-
pletion (BAC) and the latest estimate at completion (EAC). The equation is

VAC BAC EAC= −

This tells you the amount of funding you will need over and above the original budget estimate.

hoW to usE it

 1. Calculate an estimate at completion using one of the equations shown in Section 4.3.
 2. Subtract the EAC from your budget at completion.

Scenario: Build Twin Pines Medical Plaza, a new state-of-the-art  
medical resource center.

This example builds off the example in the earned value analysis technique described in Section 
2.5 and the estimate at completion calculations described in Section 4.3.

Using the various EACs calculated in Section 4.3, you can see the VACs:

EAC : $129,507,050

VAC : $126,000,000 $129,507,050 $3,507,050− −=

EAC : $129,507,050

VAC : $126,000,000 $132,631,579 $6,631,579− = −

EAC : $129,507,050

VAC : $126,000,000 $137,587,222 $11,587,222− = −

This shows that there will be a variance at completion from –$3,507,050 to –$11,587,222. 
With this information you can make choices about whether to fund the variance, reduce scope, 
or see if there are corrective actions you can put in place to minimize the future variances.
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additional information

When presenting VAC numbers it is a good idea to present the root cause of the variance and a few 
recommendations on the best action to take.
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Interpersonal 
and team 
skills

                                                                 Part 5 



Interpersonal and team skills are some of the most important skills you can have when leading a 
project. Many of the leadership skills we need to exhibit, as project managers, are interpersonal 
and team skills. There are many other leadership skills than are discussed in this book. In fact, there 
are entire sections of bookstores with information on interpersonal, team, and leadership skills. The 
skills discussed in this book include three of the most important skills for project managers:

•	Conflict management
•	Decision making
•	Problem solving

There are many skills that we do not cover as they are general interpersonal skills that are not 
used any differently in project management than they are in the business world, such as cultural 
awareness, negotiation, networking, and political awareness. These skills are not conducive to pre-
senting in the step-by-step style that we have adopted in this book.

5.0 Interpersonal and team skIlls



5.1 ConflICt management

1 Stackpole Snyder, C., Manage to Lead: Flexing Your Leadership Style. Project Management Institute. 2012.

What It Is

Conflict occurs when two or more people have differing interests, needs, goals, beliefs, or val-
ues. Conflict is a natural state of affairs in projects. Conflict management is the deliberate attempt 
to resolve a conflict productively by minimizing the negative impacts and maximizing the positive 
aspects of the conflict.

Negative impacts from conflict include:

•	killing team spirit. If conflict is not managed constructively, team members may become so 
distant and dysfunctional that they won't want to interact with others on the team.

•	reduced communication. When conflict exists, we often shut down and stop talking or 
engaging.

•	team member withdrawal. Many people are conflict-avoidant. In other words, they will take 
actions to remove themselves from the conflict, including withdrawing, either from the team or 
from the situation.

•	reduced trust. Often in conflict situations team members will lose trust in their teammates. 
Reduction in trust also reduces the amount of risk a team member is willing to take, either in 
the project or among project members.

•	Building animosity and factions. Reduction in trust can lead to negative team behavior such 
as building factions or cliques. This behavior can negatively impact team cohesiveness and 
performance.1

There are some positive outcomes associated with conflict, which include:

•	Challenging the status quo. People get to experience different ways of viewing a situation. In 
many cases a new way of doing something arises out of a conflict.

•	Involving the team in problem solving. You can treat a conflict like a problem that needs to 
be resolved by applying the problem-solving steps discussed in Section 5.3.

•	minimizing group think. Often, when a team works together over extended periods of time, 
they start to think alike and they adopt repetitive behaviors and patterns. This adaptive behav-
ior isn't necessarily bad, but it can be beneficial to challenge the status quo and identify differ-
ent patterns of thinking.
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•	deepened team relatedness. When the team works through conflicts and problems together 
it increases the team relatedness and improves the group dynamic among team members.

A widely known conflict resolution model is based on work done by Ralph Kilmann and Kenneth 
Thomas. 2 The model measures behavior in conflict situations based on two dimensions: assertive-
ness and cooperation. In other words, the extent to which a person attempts to satisfy his or her own 
concerns (assertiveness) and the extent to which a person attempts to satisfy the needs of others 
(cooperation) are the primary traits measured. Based on these two dimensions, there are five modes 
for resolving conflict: competing, accommodating, avoiding, collaborating, and compromising.

2 Thomas, K.W., and Kilmann, R.H., Thomas-Kilmann Conflict Mode Instrument (TKI), Mountain View, CA, 1974.
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Competing is a behavior that is assertive and uncooperative—an individual pursues his own 
concerns at the other person's expense. This is a power-oriented mode in which you use whatever 
power seems appropriate to win your own position—your ability to argue, your rank, or economic 
sanctions. Competing means “standing up for your rights,” defending a position which you believe 
is correct, or simply trying to win.

accommodating is a behavior that is unassertive and cooperative—the opposite of compet-
ing. When accommodating, the individual neglects his own concerns to satisfy the concerns of the 
other person; there is an element of self-sacrifice in this mode. Accommodating might take the  
form of selfless generosity or charity, following another person's preference when you would rather 
not, or yielding to another's point of view.

avoiding is a behavior that is unassertive and uncooperative—the person neither pursues her 
own concerns nor those of the other individual. Thus, she does not deal with the conflict. Avoiding 
might take the form of diplomatically side-stepping an issue, postponing an issue until a better time, 
or simply withdrawing from a threatening situation.

Collaborating is behavior that is both assertive and cooperative—the opposite of avoiding. 
Collaborating involves an attempt to work with others to find some solution that fully satisfies their 
concerns. It means digging into an issue to pinpoint the underlying needs and wants of the indi-
viduals involved. Collaborating between persons might take the form of exploring a disagreement 
to learn from each other's insights or trying to find a creative solution to an interpersonal problem. 
Collaborating often involves multiple parties. It typically results in a win-win solution.

Compromising is a behavior that is moderate in both assertiveness and cooperativeness. The 
objective is to find some expedient, mutually acceptable solution that partially satisfies both parties. 
It falls intermediately between competing and accommodating. Compromising gives up more than 
competing but less than accommodating. Likewise, it addresses an issue more directly than avoid-
ing, but does not explore it in as much depth as collaborating. In some situations, compromising 
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might mean splitting the difference between the two positions, exchanging concessions, or seeking 
a quick middle-ground solution.

Each of us uses different conflict management modes based on the situation. We tend to have 
a dominant mode, one we feel most comfortable with, but we can access the other modes as 
needed. The following table outlines the five modes of conflict resolution and some situations where 
each mode can be most effective.

mode situation

Competing When you need to make an unpopular decision

When you need to act immediately

When the stakes are high

If the relationship is not important

Be aware that this is usually not an effective long-term method. You should only use this 
method after other methods have been tried.

Accommodating To reach an overarching goal

To demonstrate open-mindedness and flexibility

To maintain harmony

When any solution will be adequate

When you will lose anyway

To create goodwill

Avoiding When you can’t win

When the stakes are low

If you need a cooling-off period

To preserve neutrality or reputation

If the problem will go away on its own

Collaborating When there is time and trust

When the objective is to learn

When you have confidence in the other party's ability

Useful in multicultural situations

When you need a win-win solution

Compromise When both parties need to win

When an equal relationship exists between the parties in conflict

To avoid a fight

hoW to Use It

Use the steps below as a guideline. Tailor them based on the situation and environment.

 1. Clearly articulate the conflict. You should be able to state each party's position and per-
haps the source of the conflict as well. You can't work on resolving the conflict until both 
parties are clear on the point of disagreement.

 2. Identify rules of engagement. It is a good idea to set out the rules of engagement, such as 
not referencing past conflicts, being disrespectful, not interrupting, or taking statements out 
of context.
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 3. Identify what a successful outcome looks like. Think about what you want out of the con-
flict resolution. You may not need to both be thrilled with the solution. Perhaps you can agree 
to settle on a resolution that doesn't meet all your desires, but also doesn't go against any of 
your key values.

 4. Understand the implications of not resolving the conflict. There may be situations when 
time will take care of the situation.

 5. Brainstorm solutions and resolutions. Similar to problem solving, you should brainstorm 
and discuss various options to resolve the conflict. There is frequently more than one way to 
come to a resolution.

 6. Identify any risks, issues, or negative consequences with possible solutions. Sometimes 
you may find a solution that both parties can live with, but it introduces downstream risks or 
problems. Make sure you understand the possible repercussions of each potential resolution.

 7. select the best option to resolve conflict. Given what you identified as a successful  
outcome, and the risks and issues associated with the various solutions, select the best  
resolution strategy.

Scenario: You have been asked to meet the physical growth  
needs of Top Dog Project Services.

This example shows how each of the conflict management styles could be applied in various 
conflicts associated with meeting the demands of the expanding Top Dog locations.

Competing. The Pennsylvania office relocation team has identified four possible locations 
to build out. The team sent out a survey to get employee feedback on the four locations. They 
soon realized that no matter which location they chose, there would be some unhappy employ-
ees. The project manager presented the results of the survey along with a high-level overview 
of the pros and cons of each location and a recommended location to the Branch Management 
Group. After reviewing the information, the Branch Management Group chose a different loca-
tion than the recommended one.

This competing method demonstrates making an unpopular decision and making that deci-
sion when the stakes are high. The Branch Management Group has the position power (author-
ity) to use a competing style of conflict management.

accommodating. The Seattle office has approached their growth needs by leasing space in a 
new building and implementing the work-from-home program in their market. The office expansion 
workgroup wants to start implementing the work-from-home program immediately to alleviate the 
overcrowding in their current offices. They approach their Branch Management Group with their 
proposal. The Branch Management Group agrees with the new site for the offices, but informs 
them that they cannot implement the work-from-home program until the pilot is complete and 
Headquarters has released a set of company policies supporting the work-from-home program.

The office expansion workgroup is pleased with the approval for the new location, but dis-
appointed that they will not be able to implement the work-from-home program immediately. 
They use an accommodating response by accepting the decision since they don't have the 
position power to argue, and they want to keep good relations with the Branch Management 
Group throughout the project.
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avoiding. The Southern California office is piloting a work-from-home program. One person on 
the team thinks it is important to ask the employees involved in the program to provide input into 
the policies and procedures before creating the first draft. Another person on the team thinks they 
should create a first draft and then send it out to the employees for comment. You are aware of the 
conflict, but choose not to get involved because you know that either way will work and ultimately 
the group will end up with a set of policies and procedures that will meet the needs of Top Dog.

Collaborating. The Idaho Falls project manager is concerned about the delayed access to 
the building they will be remodeling. The City of Idaho Falls is tearing up the street to upgrade 
the electric, water, and cable for the part of town that will be part of the urban renewal program. 
Because of all the construction work, they know the downtown traffic will already be a problem 
and they don't want to make it worse by having construction work on their building take place 
at the same time.

The project manager for Top Dog is concerned about needing to wait until November to 
start work because that means they will be working through the winter. Construction work dur-
ing an Idaho winter is not a good option.

The City Manager's project manager for the urban renewal, the Top Dog project manager, 
and the General Contractor for Top Dog's renovation and buildout meet to see if they can  
problem-solve the situation and work out a solution that meets everyone's needs. The Top Dog 
project manager asks if the City would be open to allowing construction to take place when the 
City is not working on the streets. The City asks Top Dog to expand on that idea. The Top Dog 
project manager says that maybe the General Contractor could get a crew that would work on 
weekends so that they were not causing more construction traffic during the week.

The City says this is a viable alternative, as long as the General Contractor knows that the 
roads would be inaccessible. The General Contractor could only get materials and equipment 
in via the back alley because the road would be torn up. The General Contractor states that he 
has reviewed the site and the access from the alley. It is wide enough to accommodate equip-
ment and trucks, as long as it is blocked off from other traffic.

The City has no problem with blocking the alley during the weekends. The City project 
manager mentions that they can have their construction crews work four 10-hour days, giv-
ing the General Contractor three days per week to have access to the building. The General 
Contractor says he has some workers who can do three 10-hour workdays. That will allow a 
30-hour workweek. It will still take longer than originally hoped for, but they should be able to 
get enough of the work done to get insulation and windows in before the weather gets too cold. 
After the City's work on the road is complete, they can resume a normal work schedule.

This example demonstrates cooperative problem solving, and creative collaboration from all 
involved parties.

Compromise. The Pennsylvania relocation site has been identified. Unfortunately, the new 
space won't be fully built out until two months after the existing lease expires. The Facilities 
Manager contacts the existing landlord and informs her that Top Dog will be relocating. He 
asks her if the company can extend their lease by three months. The landlord is not happy 
about losing a tenant, but understands Top Dog's growth needs. She says that she can extend 
the lease, but that the going rate is higher than the rent they are paying now. Rents are about 

(continued)
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10 percent higher than the current negotiated rate. She also says that going month-to-month 
incurs a 15 percent premium on the monthly rate.

The Facilities Manager says that this is a big adjustment. He points out that Top Dog has 
been an excellent tenant for the past five years. He agrees to the 10 percent higher rate for 
the three months but asks the landlord to waive the month-to-month fee, and consider this 
a lease extension rather than a new lease. The landlord agrees, if the Facilities Manager will 
allow potential lessors access to Top Dog's offices to see if they are interested in leasing them. 
The Facilities Manager agrees as long as they have 24 hours’ notice and there is a Top Dog 
employee with them while the offices are being shown. The landlord agrees, and they draw up 
the contract.

This demonstrates give-and-take from both parties. Neither got exactly what they wanted, 
but they both got some of what they wanted.

additional Information

To foster the good aspects of conflict and reduce or minimize the negative impacts, try these five 
steps:

Communicate openly. Often when we are in a conflict situation we stop communicating, either 
because we don't feel safe communicating or because we develop apathy toward the situation and 
stop caring about the outcome. Whatever steps you can take to open up dialogue between the 
parties experiencing conflict will help the situation.

focus on the issues, not the person. Remember, the conflict is about perceiving situations 
differently; it is not personal. Keep your behavior respectful while you work to resolve the issue at 
hand.

distinguish between interests and position. An interest is the outcome someone wants. A 
position is the stance they are taking in the conflict. Focus on the outcome each person wants, not 
the sides or positions they are taking to get the outcome.

focus on the present, not the past. Stay focused on the current issue rather than thinking 
about similar situations that have occurred in the past. You may be frustrated because you have 
engaged in similar situations previously with either the same person or someone else. Bringing up 
those past situations won't help you resolve the current one; it will only make the situation worse.

search for alternatives together. By looking for resolutions and alternative solutions together 
you can help repair any damage the conflict has caused and create a more constructive relation-
ship. In addition, by working together you can generate more creative options for resolution.
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What It Is

Decision making is selecting a course of action among several alternatives. We make decisions all 
the time in projects. Many decisions are simple; others are challenging. The challenging ones have 
better outcomes if you have knowledge of decision-making processes and the factors involved with 
making good decisions. To make good decisions keep these tips in mind:

focus on the big picture. Many decisions you make will have an impact on some other aspect 
of the project, on another project, or on the operations of the organization.

recognize your own bias and the bias of others. Make sure that neither you, nor the others 
involved in making the decision, are operating out of either self-interest, or their own biases.

keep an open mind. Be willing to end up with a decision that you had never considered.
Interpret and analyze data logically by separating facts from opinion. Decisions need to be 

based on facts, not opinion. Apply critical thinking and good reasoning to ensure you are analyzing 
information logically and accurately.

hoW to Use It

Using a framework can help you make decisions effectively. Use the steps below as a guideline. 
Tailor the framework as necessary to fit within your environment.

 1. define the decision accurately, clearly, and precisely. In some situations, this can be the 
most challenging aspect of making a decision. Getting your stakeholders to agree on what 
you are trying to decide and how to articulate it can be difficult.

 2. define criteria to evaluate data and the course of action.* Criteria for making a decision 
can include risk vs. benefit, chance of failure vs. success, ease of implementation, alignment 
with the project purpose, opportunity for secondary benefits, and so forth.

 3. Challenge assumptions. Before you make a decision you should consider the assumptions 
you and others have made around the variables associated with the decision.

 4. ensure the data you are using to help make the decision is reliable and credible.
 5. Brainstorm options. Consider various decisions and their likely outcomes.

5.2 deCIsIon makIng
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 6. apply criteria. Once you have numerous options for decisions, you should evaluate how well 
they meet the criteria you established in Step 2.

 7. select the best option. Select an option that fulfills the decision criteria and has an accept-
able level of risk and a good chance of success.

*You can use the information in Alternatives Analysis (Section 2.1) to provide a framework for 
quantifying your decision-making criteria.

Scenario: You have been asked to meet the physical growth needs of  
Top Dog Project Services.

The Seattle office location is outgrowing its current office space due to the expanding market 
share and a recent acquisition. Your project is to meet the immediate need of finding better 
work accommodations for 25 employees and plan for the addition of 50 employees over the 
next two years. The first phase of your project is assessment and selection. Once you have 
assessed the options and selected the best one, the remainder of the project will focus on plan-
ning and implementation of the selected option.

To make this decision, you put together an office expansion workgroup. This is a small 
group of people who have a range of knowledge. You want to make sure that the people you 
will be working with to review the options and make the decisions are open-minded, collab-
orative, and communicate openly and respectfully. You select a group of people from various 
departments to help you gather information, define the decision-making criteria, brainstorm, 
and ultimately make the best decision for your company.

human resources. Marge from HR is aware of current trends in the industry from an HR 
perspective. She has just finished evaluating your organization's work-from-home pilot. She has 
her finger on the pulse of employee satisfaction at the company, the workforce integration from 
the acquisition, and the hiring projections for future growth.

facilities. Bill from Facilities understands the workspace requirements from a space plan-
ning perspective. He understands the cost per square foot for employee office space. He would 
be a lead on any project involving space acquisition, leasing, and buildout.

operations. VJ brings skills in policies, procedures, employee furnishings, and equipment 
as well as workflow management.

marketing and sales. Janice is aware of the industry trends, the competition, and sales 
and growth projections. She is tuned into the high employee turnover, as it has negatively 
impacted her ability to deliver on sales.

Yourself. As a project manager you bring strengths in facilitation, implementation, planning, 
and big-picture thinking.

Because you have a limited amount of time to recommend a decision to senior manage-
ment, you set the following expectations with the group:

Meeting 1. Define the decision and establish the criteria to evaluate options.
Meeting 2. Review and challenge assumptions and explore data for reliability.
Meeting 3. Brainstorm options, apply criteria, and develop a recommendation.
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Meeting 1

At the first meeting of the office expansion workgroup, you review the growth trends of the 
company over the past three years, including the two acquisitions. You ask Janice to pres-
ent information on employee turnover statistics because to meet the growth of 50 additional 
employees you have to keep in mind the need to backfill vacancies. Janice provides growth 
projections by product line and over time so you can understand the expected rate of growth 
and the type of employees you will need to hire.

Bill presents information on the trends for lease and real estate rates in the current location. 
VJ provides insight on the expected technology advances for employee productivity for the next 
three years.

After assessing the information, everyone participates in coming up with a succinct and 
complete decision statement. You end up with the following:

Find the best option to accommodate at least 25 employees within 90 days and allow for 
the addition of 25 new employees per year for the next two years.

Next you ask each team member to identify the criteria they think are most important for the 
project and company success. Once everyone has contributed their ideas, you combine them 
where possible and brainstorm to come up with any additional criteria. You end up with the  
following list:

1. The solution must address the immediate need to find acceptable space for 25 current 
employees.

2. The solution should have a positive impact on employee satisfaction.
3. The solution should not increase the current cost per employee from a space perspective by 

more than 10 percent.
4. The solution should seek to increase integration of employees from the recent acquisition.
5. The solution should not cause a major overhaul of work processes.
6. The solution should not increase bureaucracy.
7. The solution should minimize disruption to the workforce as much as possible.

The group feels good about the work they have done and think that the decision criteria will 
lead them to a good decision. They agree to think about their own assumptions over the next 
week. You also ask them to update and validate any quantifiable data associated with lease 
rates, purchase rates, buildout costs, employee satisfaction data, and market growth projections.

Meeting 2

At the start of the meeting, Bill shares some updated cost data for the lease and purchase prices. 
The earlier figures were 18 months old. The company is in a fast-growth area and it turns out 
purchase price rates have risen by 15 percent in the past 18 months. Lease prices have risen by 
8 percent. Marge reports that she has verified the employee satisfaction data. Janice adjusts the 
growth figures for your core product upward by 5 percent. This sales growth could increase the 
employee growth rates for Years 1 and 2 to 30 new employees per year.

You ask each person for their thoughts and assumptions about the project and the drivers 
of the project success.

(continued)
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VJ states that he thinks the high turnover rate is due to paying below-market rate for salaries.
Marge thinks the salary is at market rate. She thinks people are not happy with the working 

conditions. She stated that the work-from-home pilot she evaluated showed that employees 
were more productive and happier if they could telecommute two or more days per week.

Janice states that many competitors are able to retain employees by letting them work from 
home, or offering a 4/40 workweek, even if they are not paying top dollar.

Bill acknowledges that the working environment is not the best. The company has cobbled 
together offices, furniture, and equipment as they have grown. The existing workspace is clunky 
and there is a disparity in the work environment depending on which department you work in.

You can see there are differing assumptions that will impact the team's ability to fulfill the cri-
teria of having a positive impact on employee satisfaction. You ask Marge to go through the last 
50 exit interviews prior to the next meeting and report on the results.

Meeting 3

Marge presents a summary of the top reasons employees cite for leaving the company.

4

9

139

4

11

Upward mobility

More money

Better work environment

Closer to home

Don’t like my boss or peers

Don’t fit with the company culture

She states that the high numbers for not fitting with the company culture are predominately 
from employees from acquired companies who left shortly after the acquisition was complete.

With this new information you move into a brainstorming session to develop options. After 
about 15 minutes the group coalesces around three options:

1. Roll out a work-from-home program.
2. Establish a flexible work program.
3. Rent space in a new office park nearby that will accommodate 100 new employees over the 

next three years.
4. Purchase the existing building, remodel it, and take over another floor that is currently leased 

to another company.

You apply the criteria to each solution. If the option has a positive impact on the criteria, it is 
scored a +1. If it is neutral, it is scored 0. A negative impact is scored –1.

(continued)
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Criteria option Work from home flexible Work rent space
purchase 
and remodel

The solution must address the  
immediate need to find acceptable 
space for 25 current employees.

+1 0 0 –1

The solution should have a positive 
impact on employee satisfaction.

+1 +1 +1 +1

The solution should not increase the 
current cost per employee from a 
space perspective by more than 10%.

+1 +1 +1 –1

The solution should seek to  
increase integration of employees 
from the recent acquisition.

–1 –1 +1 +1

The solution should not cause a 
major overhaul of work processes.

0 0 +1 +1

The solution should not increase 
bureaucracy.

0 0 +1 +1

The solution should minimize  
disruption to the workforce as  
much as possible.

0 0 0 0

Score 2 1 5 2

+1 means a positive contribution.
0 means some or no impact.
–1 means negative contribution.
Based on this outcome you decide that leasing new space is a better option than purchas-

ing the existing building and remodeling. You also decide to recommend an expansion of the 
pilot work-from-home program to meet the immediate need to find space for 25 employees and 
to increase employee satisfaction and reduce employee turnover.

additional Information

As you go through the decision-making process you will need to manage the environment and the 
team. You should pay particularly close attention to managing the following items:

Challenge assumptions, not people. It is good to challenge assumptions, but make sure it is 
an assumption you are challenging, and not the person who holds the assumption!

manage uncertainty. People are uncomfortable around uncertainty. Do your best to introduce 
certainty where you can.

manage group dynamics. Making difficult decisions can sometimes bring out the worst in 
people. Make sure you are managing the dynamics to keep the process constructive.

There are times when it is best to have one person make a decision, and there are other times 
when a group process is a better option. Keep these guidelines in mind as you determine the best 
process for the decision(s) at hand.



 150   5.2 decision making

Individuals generally have the best outcomes in the following situations:

•	When time is of the essence
•	When group acceptance is not important
•	When there is a “best person” who can be identified to make the decision
•	When group dynamics are not constructive

Group decision making works well when:

•	There is a group of people with diverse knowledge and skills
•	There is open communication and acceptance of good ideas
•	There are complex problems that require convergent thinking
•	The decision needs group buy-in
•	The people involved can improve the solution
•	The group is effective working together
•	There is time to work through the situation
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What It Is

Nominal group technique (NGT) is a method of working with a group to prioritize a list of options. It 
is often used along with brainstorming to rank the order of ideas, solutions, or options.

In the nominal group technique the various options or solutions are listed. If necessary they are 
discussed to ensure that everyone is clear on the option or solution. Then each member votes for 
their preferred option. The votes are tallied and ranked in order of the number of votes.

You can tailor the technique to allow people to vote for their top three options (or any num-
ber you prefer). You can also have them rank them using numbers. For example, the first choice 
is scored as a 5, the second as 3, and the third as 1. Then the numbers are tallied to indicate the 
ranking of the options.

Nominal group technique is useful because it balances the participation of each person; no sin-
gle person has a greater say than anyone else. It is a simple method to facilitate group consensus. 
Because it is objective and transparent it is a fair method of coming to consensus.

hoW to Use It

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Set up a meeting room with enough chairs for the group, a flip chart, enough 8½ x 11 sheets 
of paper to record each idea on one sheet of paper, and masking tape. If you want to use 
sticky notes for voting, have those as well.

 2. If you already have a list of options or solutions to prioritize, write each option on a sheet of  
8½ x 11 piece of paper and tape it to the wall.
a. If necessary, engage in decision making (Section 5.2), problem solving (Section 5.3), or 

brainstorming (Section 1.2) first, to generate a list of options.
 3. If needed, summarize each option so everyone is clear.
 4. Ask participants to rank their top three options in their preferred order. The highest number 

goes to the preferred option, the lowest number to the least preferred option.
 5. Write each option on the flip chart and tally the results to determine the preferred option.
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Scenario: You are the project manager for a project to implement  
a childcare facility for your organization's employees.

You want the parents to have input into the Childcare Center food service. You posted an elec-
tronic brainstorming session over the past week which generated numerous ideas and require-
ments. Now you are asking the parents to rank the ideas so that you can use them for source 
selection criteria when evaluating vendors.

The electronic brainstorming session generated 12 requirements overall. You have asked 
the parents to meet with you to help prioritize the requirements. At the meeting you tape a 
sheet of paper to the wall for each requirement. You put three ideas per wall on all four walls to 
give each person a bit of privacy as he or she votes. You have a flip chart that lists each idea 
in the middle of the room, with the chairs in a semi-circle around the chart. When the parents 
arrive, you explain each requirement and ask for questions or clarification. Then you describe 
the voting process.

Each parent is given three sticky notes. One note has the number 3 on it. Each individual 
is to put that by the requirement that is most important to him or her. The next has a num-
ber 2, which is to be placed by the second-most important requirement. The last note has the  
number 1, which is to be placed by the third-most important requirement.

Once everyone is clear on the process, you tell them to go vote and then return to their 
seats. Once they vote you ask someone to read you out loud the total for each requirement. 
You end up with eight requirements that are closely tied, and four that aren't that important. 
You want to get a clearer division of the top requirements so you ask them to vote on the eight 
remaining requirements, but this time they can only vote for two requirements. Their top choice 
they mark with a 3, and their second choice with a 1. You hope this split will create a more obvi-
ous preference.

Again, you tally the requirements and you rank the top four as:

a. Healthy food
b. Locally sourced
c. Good references and customer feedback
d. Reasonably priced

You thank the parents for participating and promise to keep them informed on the vendor 
selection.

additional Information

You can do multiple rounds of NGT to narrow down a large field of options to a narrower field, and 
then from the narrow field to the preferred option(s).
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What It Is

Problem solving is the deliberate act of identifying the problem, identifying and prioritizing alterna-
tives to resolve the problem, and selecting and implementing the solution. The best approach to 
problem solving depends on the nature of the problem.

A simple problem is one that can be easily defined and the solution can be easily understood 
and implemented. Simple problems are usually best resolved by one person who is qualified to 
understand the implications of potential solutions.

A complex problem may be difficult to define, and the solution or decision may also be hard to 
clarify. There may be multiple stakeholder groups with opposing ideas about what a good solution 
looks like. The environment may be ambiguous or volatile. All these aspects add complexity to a 
problem or decision. For complex problems, you get better results when working with a group of 
people with diverse perspectives.

Another aspect to consider when solving problems is the style of thinking that is most benefi-
cial to solving the problem. Some problems require divergent thinking. This means brainstorming, 
generating multiple options, and being open to nontraditional ways of approaching the situation. 
In other situations, a convergent style of thinking is best. In other words, it means narrowing down 
options and choosing between a limited number of options.

hoW to Use It

Using a framework can help you solve problems effectively. These seven steps can be used as a 
roadmap to guide you through the process:3

 1. define the problem. The most important step, and frequently the most difficult, is clearly 
defining and concisely articulating the problem that you are trying to solve. It is important to 
work with your team, or with others who are trying to solve the problem, to ensure you all 
have a common understanding and a clear grasp of the problem you are addressing. It can 
be useful to work with all appropriate stakeholders to come to an agreement on a problem 
statement. A clearly defined problem statement has two components: (1) what's happening, 
and (2) the implications of what's happening. A problem should not imply a solution.

5.4 proBlem solvIng

3 Stackpole Snyder, C. Manage to Lead: Flexing Your Leadership Style. Project Management Institute. 2012.
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 2. Identify the outcomes you want to achieve. Once you have defined the problem you need 
to identify what outcomes would resolve the problem. Without clearly understanding accept-
able outcomes you won't be able to make the best choices among possible solutions.

 3. select the criteria you should use to resolve the situation. If there are certain criteria you 
need to meet or consider when solving the problem, you should identify those criteria. If there 
are multiple criteria it may be appropriate to rank them in importance.

 4. Brainstorm solutions. Once you have done all the prework of defining the problem, identify-
ing the outcomes, and selecting the criteria you can start to brainstorm solutions. Remember, 
brainstorming should be a free flow of ideas without applying any of the criteria. Brainstorming 
is a creative process that is used to generate as many options as possible.

 5. Compare solutions to criteria. Once the brainstorming has stalled, you can start to compare 
the various options to the criteria you selected. Many of the options will get weeded out in this 
step. What you are left with is a set of possible solutions.

 6. Identify any risks, issues, or negative consequences associated with each of the pos-
sible solutions. Some of the possible solutions might introduce new risks or issues or they 
might exacerbate existing risks or issues. After this step is complete you should have at least 
one viable solution.

 7. select the best option. If you have more than one solution, select the one with the highest 
likelihood of success and the least cost and effort to employ. It is fine to rank the other options 
for fallback options if needed.

Scenario: You are managing a project to develop a new  
company intranet site.

The website development project has been steadily falling behind schedule for the past month. 
At this point, the project manager has called together a group of team members to help solve 
the problem.

Anthony, the project manager, gives the following information:

Ever since we started the design phase of this project we have been steadily falling behind. We 
are currently two weeks behind on the critical path and we are coming up on a project review. 
The technical work on this project is not all that challenging, so that is probably not what is caus-
ing the problem.

Anne, the system engineering team lead, says,

Well, we are fully resourced, but most of the designers have been out of school less than five 
years and they are pretty new to the company. There have been several times when they have 
taken longer to complete their work than a more experienced designer would take and they have 
made some mistakes that set the timeline back due to rework.

Bill, the resource manager, states that the original estimates were based on the assumption 
that all team members would have at least five to ten years’ experience and an average skill set 
and productivity rate.
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Anthony says,

I think we can frame the source of the problem as the fact that the people doing the work are dif-
ferent from the people who estimated the work and that the skill sets and expertise are less than 
estimated. This allows us to state the problem as, “Due to inexperienced team members work is 
taking longer to complete.” Is that correct?

The team agrees with the problem definition and moves into defining the outcomes they 
want to achieve. Based on a brief discussion they identify the following outcomes:

1. Regain two weeks of the schedule slip.
2. Identify a way to eliminate any future schedule deterioration.

Bill says,

I want to make sure that part of our solution criteria involves upgrading the skills of these team 
members and does not include any disciplinary action. I think these are good team members, 
they just need help furthering their skills.

Anne adds that she needs to make sure all the policies and quality checks remain in place. 
Brian, the finance officer for the project, states that he is comfortable releasing some money 
from reserves, but that he can't release more than $12,000 to get the schedule back on track.

The team discusses the criteria and ranks it as:

1. All quality policies must be followed.
2. The solution cannot use more than $12,000 in reserve.
3. Team members get help improving their skill set.

Once this is done the four start brainstorming solutions. They continue doing this for about 
20 minutes and come up with several possible options. As they compare each option to the 
solution criteria, a few of them are discarded because they go outside the quality criteria, or are 
cost prohibitive. What they are left with are the following possible solutions:

•	 Bring in two outside designers for three weeks.
•	 Reassign the existing resources to a less critical project and bring in more advanced 

designers.
•	 Bring in a team lead with extensive experience to do work and mentor the designers.

These solutions are evaluated for risks and other negative consequences. Based on the 
current status of the project the group determines that reassigning the existing resources and 
bringing in a more advanced team would put the schedule further behind and would leave 
the feeling that the existing resources had failed. It would also not help the existing resources 
improve their skills.

(continued)
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After evaluating the two remaining solutions the group decided to bring in a team lead with 
extensive experience to accomplish some of the more challenging work and to help the existing 
design team find ways to work smarter and faster. They decided to hold off on bringing in out-
side designers for the time being but agreed to reevaluate that option if there was not substan-
tial schedule improvement in the next two weeks.

additional Information

Sometimes people can slip into blaming and complaining when you really need them to stay 
focused on problem solving. Set up the conversation by framing it as “us versus the problem” 
rather than pointing fingers.

Be aware of confirmation bias when you are solving problems. Confirmation bias is looking for 
solutions that fit your own preconceptions. It is important to remain open-minded rather than only 
listening to information that fits your opinion. A similar bias is called projection. Projection is assum-
ing others share a similar thought belief or value as you do. Projection can be difficult to detect 
because we often can't see our own beliefs and how they may not be true.
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6.0 Other techniques

The “other” category of techniques is a catch-all for techniques that don’t fit in any of the other cat-
egories, but that are important techniques to know about when managing a project. Some of them 
are foundational techniques that project management is built on, such as precedence diagramming, 
critical path method, and rolling-wave planning. You will also see some more specialized techniques 
such as prompt lists, context diagrams, and prototypes.

The techniques described in this section include:

•	Context diagram
•	Critical path method
•	Funding limit reconciliation
•	Inspection
•	Leads and lags
•	Precedence diagramming method
•	Prompt lists
•	Prototypes
•	Resource optimization
•	Rolling-wave planning
•	Schedule compression

Many of the scheduling techniques described in this section are incorporated into schedul-
ing software. Thus, much of what you will read about happens in the background if you are using 
software to build your schedule. However, it is always a good idea to know what is happening in 
the background of your scheduling software so you can troubleshoot your schedule if you need to 
compress it, or if you think the software isn’t behaving correctly.



6.1 cOntext Diagram

What it is

Context diagrams are often used in system engineering projects and software design projects. They 
show the system or process, its boundaries, and the people or systems that interact with the pro-
cess. They provide a high-level overview of the system that can be used to understand the scope 
and boundaries of a system or process at a glance. Most context diagrams use the following shapes:

A circle represents the process you are modeling.
A rectangle represents systems, processes, or people that interact with the circle.
Arrows show directional flow of inputs or outputs.

hOW tO use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Create a circle in the middle of a chart with the system or process you want to diagram.
 2. Identify all the people, systems, and processes that interact with your system. These  

are called “actors.” Actors are roles and not individuals, for example, student, customer, and 
the like.

 3. Draw an arrow that indicates the direction of the information flow from each actor to the 
process or to other actors.

 4. Label the arrows to indicate what flows between the actors and processes.

Scenario: You are managing a project to develop a new company intranet site.

As part of updating your company intranet you are putting in an online ordering application for 
the cafeteria. This will enable employees to log onto the app, view the menu, place an order, 
and pay for the order. They can bring their receipt down to the cafeteria and pick up their order 
in a pick-up area.

You are discussing requirements with the cafeteria management and kitchen staff. They 
are in favor of the idea because they think it will reduce the wait time and crowding during 

(continued)



 160   6.1 context Diagram

peak hours. The employees like it because they can pre-order their food for a specific time 
and just pick it up at that time.

The cafeteria manager wants to know if you can use the same application to track the food 
going out to help manage the inventory. After discussing all the needs, the kitchen staff and 
management agree that a combination of the sales reports from the system and manual inven-
tory list from the kitchen are needed. Using both these inputs, the kitchen management can 
place an order with the suppliers who will deliver the food to the kitchen staff.

The group puts together the following context diagram to provide a high-level process chart 
for the programmers to use when coding the application.

Cafeteria
Order

System

Customer

Pick-up area

Kitchen

Management Supplier

Receipt

Order form

Payment

Receipt

Food

Food

Reports

Inventory 
order

Inventory

Menu

Food order

(continued)

additional information

Context diagrams do not show the sequence of steps in a process and they don’t require any tech-
nical knowledge to understand them.
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6.2 critical Path methOD

What it is

The critical path method is the most common form of teaching scheduling and is also the method 
that most software employs. The critical path method determines the date ranges in which activities 
can occur by calculating the earliest and latest dates activities can start and then the earliest and 
latest dates activities can finish, based on the network diagram and the activity duration. Most criti-
cal path analyses are done prior to loading resource availability into the schedule. After resources 
are loaded, the duration of the project can change, as duration is based on the resources perform-
ing the work. The critical path method has several terms you need to be familiar with.

early start date (es). The earliest time an activity can start
early finish date (eF). The earliest time an activity can finish
late finish date (lF). The latest time an activity can finish without causing a schedule slip or 

violating a schedule constraint
late start date (ls). The latest time an activity can start without causing a schedule slip or violat-

ing a schedule constraint
total float. The amount of time an activity can be delayed from its early start date without causing 

a schedule slip or violating a schedule constraint
Free float. The amount of time an activity can be delayed without impacting the early start date 

of the next activity
Forward pass. Working forward through the schedule from the early start date to determine the 

early start and early finish dates
Backward pass. Working backward through the schedule from the late finish date to determine 

the late start and late finish dates
critical path. The longest path through a network, which determines the shortest possible time 

to complete the project

hOW tO use it

Below are the high-level steps to build the schedule, using the critical path method:

 1. Draw the network diagram based on the nature of the relationships between the activities.
 2. Box the network diagram.
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 3. Enter durations into the diagram.
 4. Conduct a forward pass.
 5. Conduct a backward pass.
 6. Calculate float.
 7. Identify the critical path.

Here is a breakdown on each of the steps.

 1. Draw the network diagram.
For this demonstration we will use the same network diagram used in the Section 6.6 

Precedence Diagramming Method.

Start A

+2d

G

H I End

B D

E

F

C

FS–2d

SS

FF

 2. Box the network diagram.
“Boxing the diagram” means setting up the network diagram with a box for each activity 

and a place to enter the duration, early and late start dates, early and late finish dates, and 
the float. This prepares the diagram to conduct the forward and backward passes. You can 
use any structure you want. This table shows one common way of showing the information 
for each activity.

Early Start Duration Early Finish

Activity

Late Start Total Float Late Finish

Using the network above, the boxed network would look like this:

Start

End

SS

FF

A

B

C

D

E

F

G

H I

+2D

FS–2D
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 3. Enter durations into the diagram.

Start

End

SS

FF

A
5

B
3 6

7

2

3 4

6

4
C

D

E

F

G

H I

+2D

FS–2D

 4. Conduct a forward pass.
The forward pass will tell you the earliest dates activities can start and finish, based on the 

network logic. Here are the steps to conduct a forward pass:
1. Set the early start for the first activity or activities to 1.
2. Add the duration of the activity to the early start, then subtract 1. That is the early finish 

date. In this example, Activity A starts at Day 1, you add the duration of 5 to that, sub-
tract 1, and the early finish is Day 5. You subtract 1 from the early start plus the duration 
because you started on Day 1, not Day 0.

3. Add 1 to the early finish to determine the early start of the immediate successor activities. 
 Note that scheduling software assumes that an activity starts at 8 AM and is complete 

at 5 PM on its due date. Therefore, the next activity starts the next morning at 8 AM.
a. For this example, the early start of Activity B is 6. However, the early start of Activity C 

is 4 because there is a two-day lead. The early start of C would have been 6, but you 
subtract two days from 6 because of the two-day lead, and that gives you an early 
start of 4.

b. To continue along with C, you add the duration of 4 to the early start of 4, subtract 1, 
and get an early finish of 7.

c. Going to Activity B, you add the early start of 6 and the duration of 3, subtract 1, and 
get an early finish of 8.

d. There is a two-day lag between B and D, so Activity D starts two days after B finishes. 
This means that D will start on Day 11.

e. Continue in this fashion until you reach the end of the network. The figure below shows 
a network diagram with a forward pass completed.
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Start

End

SS

FF

A
5 51

B
36 8 6 1611

78 14

217 18

3 18 19 224

68 13

44 7
C

D

E

F

G

H I

+2D

FS–2D

Note these areas of interest in this diagram:

•	Activity F has the same early start as Activity E. That is because there is a start-to-start rela-
tionship. Activity F can start after Activity E starts.

•	Activity G and Activity H have a finish-to-finish relationship. This means that Activity H can 
finish after Activity G finishes.

•	Activity D and Activity E both have to finish before Activity G can start. Activity D has an early 
finish of 16, and Activity E has an early finish of 14. When there is a path convergence in a for-
ward pass, the highest number always carries forward.

After you finish calculating your forward pass, you will see the earliest finish date. This is the 
soonest the project can finish, given the information available. For our example, the early finish 
date is 22 days.

 4. Conduct a backward pass. A backward pass tells you the latest time activities can start and 
finish without violating a schedule constraint (such as a mandatory milestone) or without 
causing the project to be late. For a backward pass, follow these steps:
a. Take the early finish date of the last activity in the network and enter that number as the 

late finish date as well. Therefore, your early finish and late finish for the last activity will be 
the same. For this example, it’s 22 days.

b. Subtract the duration and add 1 to establish the late start for the last activity in the project. 
Because you start the project at Day 1, instead of Day 0, you need to add the 1 day back 
in to get accurate dates. For this example, 22 minus 4, plus one gives you a late start date 
of 19.

c. Using the late start date, subtract 1 to derive the late finish date for any immediately pre-
ceding activities. This demonstration has two final activities: Activity I and Activity F. Use 
the highest number as the late finish date. Activity I finishes on Day 22, and Activity F 
finishes on Day 13. Therefore, the late finish for the project is Day 22.
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d. For activity H the late start date minus 1 carries backward to become the late finish for 
Activity H, which is 18 in this example.
The figure below shows how the demonstration network looks after a backward pass.
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Note these areas:

•	Activity H does not have an early start, but it does have a late start. That’s because in 
this scenario, I’m not so much worried about when Activity H can start; rather, I’m more 
concerned about when it finishes. In a real-life scenario, you would have more informa-
tion about the nature of the activity in the activity attributes. That would give you insight 
into whether Activity H would need to start on Day 16, or whether it could start any time.

•	The late start of Activity D is 11, but the late finish of its predecessor (Activity B) is not 
10, but 8, because there is a two-day lag. You treat that lag as if it were a mini-activity 
called “don’t do any work here.” Therefore, you calculate the late start of B as 10 and 
you subtract 2 from that to get a late finish of 8 for Activity B.

•	The relationship between Activity E and Activity F is start-to-start. It would seem that 
the late start of Activity F would drive the late start of Activity E. However, in this case, 
the late start of Activity G drives the late finish of Activity E, which in turn determines the 
late start. This demonstrates an important rule in the backward pass: When you have 
two possible options for a late start or finish, the lowest one is the one you select.

 5. Calculate float.
After you calculate the early and late start and finish dates, you can determine the float. 

Float is the difference between the late finish and early finish dates.
For finish-to-start relationships, the difference between early start and late start dates will 

be the same as the difference between the early finish and late finish dates.
However, when you have a start-to-start or a finish-to-finish relationship, you have to deter-

mine the difference between the early and late start and the early and late finish, and take the 
lowest number as the amount of float.
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The figure below shows the network diagram with the float entered.

Start

End

SS

FF

A
5 51

0 51

B
36 8

06 8

6 1611

0 1611

78 14

210 16

217 18

017 18

017 18

3 18 19 224

19 220
68 13

917 22

44 7

26 9

C

D

E

F

G

H I

+2D

FS–2D

Note these areas:

•	Only Activities C, E, and F have total float. Activity F has the most, with nine days of 
float: It can finish up to nine days later than its early finish date and not cause the proj-
ect to be late. As I mention earlier, to calculate the nine days of float, you subtract the 
early finish from the late finish, or the early start from the late start. Activities C and E 
both have two days of float. However, that float is shared between them. Any float that 
Activity C uses isn’t available for Activity E. If Activity C starts on Day 5 instead of Day 
4, then Activity E will start on Day 9 and have only one day of float.

•	There is something special about Activities E and F: They have free float. They are the 
last activities on a path. Therefore, if they start late or finish late, within their float, no 
other activities are affected. Even though Activity C has total float, if it starts late, then 
both E and F start late. But if Activity F starts late, it doesn’t cause any disruption in any 
other activity, as long as it finishes by Day 22.

•	If Activity E starts late, then F starts late; but if E finishes late, by less than two days, 
then no other activities are impacted. Therefore, you can see that those activities 
with free float are the most flexible in the network. You can delay them and reallocate 
resources to activities that have little or no float to ensure on-time performance, assum-
ing that resources have the right skill sets.

 6. Identify the critical path
Finally, identify the critical path, which is the path with the least amount of float. For this 

example, the critical path is A-B-D-G-H-I. Usually, the critical path is presented as the path 
with zero float. However, say that you’re given a mandated end date, and you calculate your 
critical path, and you have negative float. That tells you that you cannot meet the end date, 
given the current information, meaning you have to find ways to compress the schedule or 
negotiate a new end date.
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Scenario: You are putting in a new backyard.

This example builds off the network diagram from Section 6.5 Leads and Lags and Section 6.6 
Precedence Diagramming Method.

The first step is to box the diagram as shown below.

Set
posts

Set
planks

Dig
trees

Plant
trees

Dig
pond

Pour
pond

Set up
pump

Plant
bushes

Plant
flowers

Ground
cover

FS+2d

FS+2d

After talking with the landscape architect and the contractor who will be working on the 
yard, you determine the following durations for the activities:

Set deck posts 1 day

Set deck planks 3 days

Dig pond 2 days

Pour pond foundation 1 day

Set up pond pump 1 day

Dig tree holes 2 days

Plant trees 2 days

Plant bushes 1 day

Plant flowers 1 day

Spread ground cover 1 day

Conversely, if you have positive float, you have a little time to spare. In both circumstances, 
the path with the least amount of float is your critical path.

(continued)
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You add these durations into the network diagram.

FS+2d

FS+2d

Set posts Set planks

1 3

Dig pond

2

Pour pond

1

Dig trees

2

Plant trees

2

Set up pump

1

Plant bushes

1

Plant flowers

1

Ground cover

1

Next you conduct a forward pass to determine the early start and finish dates. This is how 
the network looks with a forward pass:

FS+2d

FS+2d

Set posts Set planks

1 1 1 4 3 6

Dig pond

7 2 8

Pour pond

9 1 9

Dig trees

7 2 8

Plant trees

9 2 10

Set up pump

12 1 12

Plant bushes

13 1 13

Plant flowers

13 1 13

Ground cover

14 1 14

Notice that the two-day lag impacts the early start of the next activity.
Then conduct a backward pass to determine the late start and finish dates.

FS+2d

FS+2d

Set posts Set planks

1 1 1

1 1

4 3 6

4 6

Dig pond

7 2 8

7 8

Pour pond

9 1 9

9 9

Dig trees

7 2 8

9 10

Plant trees

9 2 10

11 12

Set up pump

12 1 12

12 12

Plant bushes

13 1 13

13 13

Plant flowers

13 1 13

13 13

Ground cover

14 1 14

14 14

(continued)
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The next step is to calculate the float.
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Set up pump

12 1 12
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13 1 13

13 13
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13 1 13

13 13
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14 1 14

14 14

There are only two activities with float, digging the tree holes and planting the trees. They 
each have two days of float. This float is shared between them. If it takes one day longer to dig 
holes for the trees, then planting the trees only has one day of float remaining. We say this as 
“float belongs to the path, not the activities.”

This means that the critical path consists of these activities:

•	 Set deck posts
•	 Set deck planks
•	 Dig pond
•	 Pour pond foundation
•	 Set up pond pump
•	 Plant bushes
•	 Plant flowers
•	 Spread ground cover

additional information

The “+1 day/–1 day method” is a bit clunky to emulate when you’re doing a manual calculation. 
To make it easier, use Day 0 as an early start for the first activity; that way, you don’t have to worry 
about adding or subtracting days based on the start or end of the business day. But be careful, 
the early start date and late start date will be different than if you use the +1/–1 method. The early 
and late finish dates will be the same and the float will be the same. PMI’s Project Management 
Professional Certification (PMP) uses the +1 day/–1 day method.
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6.3 FunDing limit recOnciliatiOn

What it is

Funding limit reconciliation is used to align the flow of work with the availability of funds. Some 
organizations fund projects based on an annual budget. All planned work must be accomplished in 
a budget year, and you can’t do work that isn’t in that year’s budget. Therefore, before you finalize 
your schedule and your budget you need to make sure you have scheduled the work so it occurs 
when the funds are available.

hOW tO use it

Use the steps below as a guideline. Tailor the steps as necessary to work within the funding con-
straints of your organization.

 1. Develop your initial schedule of work.
 2. Develop your initial budget for the work.
 3. Determine any funding limitations, such as funds that aren’t available until a certain time, or 

funds that must be expended before a cut-off date.
 4. Identify any inconsistencies on when work is scheduled and when funds are available.
 5. Reschedule the work to coincide with the funding availability.

Scenario: You have been asked to meet the physical growth  
needs of Top Dog Project Services.

You work for the Idaho Falls location of Top Dog Project Services. Your office has outgrown its 
existing location. The state is promoting an urban renewal program for Idaho Falls. The City is 
upgrading the infrastructure to support high-tech companies including high-speed cabling and 
mini-cell towers. To incentivize companies to move their businesses here, they have offered tax 
breaks and reduced permitting fees. They are also providing a $25,000 grant for companies that 
incorporate green building principles in their architecture and design. To take advantage of this 
program all planning and design documents must be submitted by September 5. In addition, 
work on the building cannot start before November 1 because the City will have the streets torn 
up to put in the new infrastructure.
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Your sponsor is the Chief Operating Officer. He thinks this is a great way to make a posi-
tive impact on the community and save money. He has asked you to look at your schedule and 
come back with options to meet the funding constraints.

This is an excerpt from your schedule:

The first problem you notice is that you aren’t scheduled to have the plans finalized until 
September 14th. The next problem is that you are scheduled to start the building demo on 
September 20. Thus, you will have to accelerate the design phase and delay the buildout phase 
to align with the grant funding and the availability of the new infrastructure.

In discussing this with your sponsor you decide to fast-track some of the drawings to 
overlap with the detailed planning for the schedule and budget. You will also incentivize 
early delivery. If the architecture firm can deliver final plans and drawings you will give them a 
$5,000 bonus.

additional information

Funding limit reconciliation is often a factor to consider when working on federal projects, as there are 
strict guidelines about funding work within the appropriate budget year. Some federal projects also have 
constraints about the types of funds you can use, such as capital project funds or operational funds.
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6.4 insPectiOn

What it is

Inspection, when used in the context of project management, is used both to verify that the deliv-
erables or results are correct, and as a method to validate the deliverables or results as acceptable 
to the customer. In some situations verification and validation occur at the same time; in other situ-
ations, the verification that the product or result is technically compliant is part of a quality control 
process before releasing the product for customer acceptance.

There are four primary types of inspection:

test. For quantifiable requirements and things you can measure. This is good for size, weight, 
and speed.

examine. For requirements you can verify by a visual inspection. Used when you can examine the 
deliverable to verify that it meets requirements.

analysis. This method is used if you can’t see what is happening, but you can infer from the result 
that things work correctly.

Demonstration. For deliverables that need to perform one or more steps, you can demonstrate 
the steps.

It is a good idea to conduct both verification and validation activities throughout the project. 
Verification efforts are focused on assessing that the product or solution has been designed and 
developed according to the specifications. Validation efforts focus on assessing whether the right 
product or solution has been developed. You can perform inspections as deliverables are com-
pleted, at phase gates, or at milestones. This alleviates the risk that you will get the finished product 
and the customer will say, “This is not what I was wanting at all!”

hOW tO use it

Because inspection is product specific it is impossible to accurately describe how to inspect an 
individual product. This description provides a high-level overview of the process rather than a 
detailed description.

 1. Gather the product acceptance criteria, requirements documentation, statement of work, 
specifications, or any other standard or documentation that contains a detailed description of 
the deliverable or result.
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 2. Determine the best way to test or prove that the deliverable meets the criteria. Common 
methods include testing, examining, analysis, and demonstration, depending on the nature of 
the deliverable.

 3. Conduct the inspection, review, or audit.
 4. Record the results. If the deliverable or result is not compliant, you may need to perform a root 

cause analysis (Section 2.11), correct a defect, or submit a change request.

Scenario: You are the project manager for a project to implement  
a childcare facility for your organization’s employees.

For the childcare center, you are following the practice of validating the results with the key 
stakeholders (the parents) throughout the process. At the start of the project you meet with 
the parents to gather their requirements. You use the following points along the way to gain 
validation:

•	 You develop a prototype (see Section 6.8 for information on prototypes) of the layout to 
show parents what the childcare center space will look like.

•	 When the blueprints are complete, you show the parents how the blueprints meet the 
requirements and match the prototype.

•	 When the rough construction work is done, you do a walkthrough with the parents to verify 
that construction is consistent with the blueprints.

•	 When the childcare center is complete you do a final walkthrough to gain acceptance that 
the final buildout is acceptable.

There are also specific deliverables in the childcare center that you verify for correctness 
along the way:

•	 You can test how the security system works by making sure the cameras cover the area you 
need and that the alarm company is notified when the perimeter is breached.

•	 You can examine the furniture and equipment to make sure that it’s child-size and safe.
•	 You can analyze the enrollment software to see that it performs as promised.
•	 You can demonstrate that the security system cameras and motion detectors show up in the 

correct locations on the computer screens and that they correctly represent the physical lay-
out of the childcare center.

additional information

Inspections are sometimes called audits, walkthroughs, or reviews. Many industries and professions 
have their own terminology to convey the same concept.
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6.5 leaDs anD lags

What it is

Leads and lags are used to refine your network diagram and thereby your project schedule. They 
modify the relationship between activities. A lead accelerates the timing between two activities and 
a lag delays the timing between two activities. You can use leads and lags with any type of relation-
ship (finish-to-start, finish-to-finish, and so forth).

Here are some examples:
Finish-to-start (Fs) with a lead: Two weeks before I am done gathering the requirements, I will 

start designing the center.

FS – 2wGather
Requirements

Design

Note that the lead is demonstrated with a minus (–) sign.
Finish-to-finish (FF) with a lag: I will finish editing the User Instructions five days after I finish 

writing them.

FF + 5d

Edit User
Instructions

Write User
Instructions

Note that the lag is shown as a plus (+) sign. This indicates that the “finish editing User Instructions” 
is dependent on finishing writing them. If the end date for writing slips, the end date for editing slips.

start-to-start (ss) with a lag: The predecessor activity must start before the successor activity 
can start. As an example, I can start writing test questions before I can start writing test answers.

SS +1w Write Test
Answers

Write Test
Questions
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This indicates that you will start the test answers a week after you write the questions. You don’t 
have to finish the test questions before you start on the test answers. If you delay the start of the 
test questions, you will delay the start of the test answers.

The time indicators are often abbreviated as:
M  Month
W  Week
D  Day

hOW tO use it

These steps describe how to modify a precedence diagram using leads and lags manually. You can 
do the same type of actions using scheduling software. Scheduling software uses the abbreviations 
described in this section and in Section 6.6 Precedence Diagramming Method.

 1. Analyze your network diagram, looking for places where you can overlap activities by modify-
ing the type of relationship and adding a lead or a lag.
a. Are there places you can accelerate a finish-to-start relationship with a lead?
b. Are there places you can change a finish-to-start relationship to a start-to-start with  

a lag?
 2. Once you have modified the dependencies and included leads and lags, review the network 

again to see if you have introduced risks by modifying the flow of the activities. Too much 
overlap in activities increases risk.

This is an example of the same network diagram shown in the precedence diagramming 
method, only there is an example of a lead and a lag. The lead is between activities A and C and 
the lag is between B and D.

Start A

+2d

G

H I End

B D

E

F

C

FS–2d

SS

FF

Scenario: You are putting in a new backyard.

You looked at your initial network diagram for the backyard and determined that you had not  
allowed any time for the deck posts to set or for the pond foundation to cure. You add two days  
of lag to both of those activities.

(continued)
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Set deck
posts

Dig tree
holes

Plant
trees

Dig pond
Pour

foundation

Plant
bushes

Spread
ground
cover

FS+2d

FS+2d

Plant
flowers

Set up
pump

Set deck
planks

(continued)

additional information

When you modify the relationships to do activities in parallel that are normally done in sequence, 
you are employing a schedule compression technique called fast-tracking. The schedule compres-
sion technique is described in greater detail in Section 6.11.
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6.6 PreceDence Diagramming methOD

What it is

The precedence diagramming method (PDM) is the preferred method of establishing logic rela-
tionships between activities to create a network diagram. The network diagram is one of the key 
components in developing a schedule. In PDM each activity is represented as a box, connected 
to other boxes with an arrow to indicate the sequence in which activities occur. Boxes are often 
referred to as nodes in scheduling terminology.

There are four types of relationships used in PDM:

Finish-to-start (Fs): This is the most common type of relationship. The predecessor activity 
must finish before the successor can begin. For example, I have to finish gathering requirements 
before I start the design.

Gather
Requirements

Design

Finish-to-finish (FF): The predecessor activity must finish before the successor activity can finish. 
A sample scenario is: I have to finish writing the User Instructions before I can finish editing them.

Write User
Instructions

Edit User
Instructions

start-to-start (ss): The predecessor activity must start before the successor activity can start. 
As an example: I need to start writing test questions before I can start writing test answers.

Write Test Questions

Write Test Answers
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start-to-finish (sF): This is the least common relationship. You will not see this very often, but I 
include it here to be complete. The successor activity must start before the predecessor can finish. 
Consider this scenario: A new accounting system must be operational before the legacy system 
can be decommissioned.

Legacy System
Decommissioned

New System
Operational

The relationships are often abbreviated as:
FS  Finish-to-Start
FF  Finish-to-Finish
SS  Start-to-Start
SF  Start-to-Finish

hOW tO use it

These steps describe how to develop a precedence diagram manually. You can do the same type 
of actions using scheduling software. Scheduling software uses the abbreviations shown above.

 1. Start with a list of all your activities.
 2. Create a start node.
 3. Identify the first activity or activities.
 4. Place the first activity after the start node.
 5. Determine the next activity and place it after the first activity.
 6. Continue until all the activities are placed in the precedence diagram (aka network diagram).
 7. Review to determine if this is optimal, or if some of the relationships should be different (for 

example, if some of the finish-to-start relationships should be start-to-start).

This is an example of a network diagram developed using the precedence diagramming 
method. Note there is a start-to-start relationship between activities E and F, and a finish-to-finish 
relationship between G and H.

Start A

+2d

G

H I End

B D

E

F

C

FS–2d

SS

FF
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Scenario: You are putting in a new backyard.

To turn your new backyard from a set of plans into reality, you identify the following activities:

 1. Set deck posts
 2. Set deck planks
 3. Dig pond
 4. Pour pond foundation
 5. Set up pond pump
 6. Dig tree holes
 7. Plant trees
 8. Plant bushes
 9. Plant flowers
 10. Spread ground cover

After looking at the work to be done and the resource constraints (you only have two work-
ers) you decide to do the deck first, then the pond and the trees at the same time. After those 
are done you will work on the bushes and the flowers at the same time, and then finish with the 
ground cover. You develop a network diagram that looks like this:

Set deck
posts

Dig tree
holes

Plant
trees

Dig pond
Pour

foundation

Plant
bushes

Spread
ground
cover

Plant
flowers

Set up
pump

Set deck
planks

additional information

A viable schedule usually has about 80 to 90 percent of the activities in a finish-to-start relationship.
In the beginning, when you are creating a high-level overview of the project schedule you may 

want to start out with sticky notes so you can experiment with the flow of work and deliverables. 
Once you are confident you have the high-level flow correct, you can enter the information in soft-
ware and create your network diagram electronically.

Many times, the relationships in the preceding list are required based on the nature of the work, 
but some relationships are more discretionary and some relationships are based on external con-
straints. The nature of the dependency impacts the flexibility you have in your schedule. Here are 
the different types of dependencies.

mandatory. These are required based on the nature of the work involved or are required by 
contract, regulations, or legal restrictions. You can’t test something that is not yet developed. For 
example, the rough electrical work (wiring throughout the space) that has to be done before the 
finish electrical (hooking up lights, switches, and outlets).
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Discretionary. These relationships are determined by a best practice or resource availability. A 
best practice example is: “I recommend gathering all the requirements before designing the solu-
tion, but you can do some design without having the requirements complete and finalized.” The 
relationship is discretionary and based on the choice.

external. An external dependency is based on something or someone outside the project. 
Requiring a permit, waiting on a vendor delivery, or needing a deliverable from another project are 
all examples of external dependencies.

internal. An internal dependency is based on a dependency within the project. These can be 
based on resource availability or a preference in how to sequence the work. If the same resource is 
scheduled to complete two tasks at the same time, the decision on which to do first is an internal 
dependency.

You can see that mandatory and external dependencies are constraints on how you sched-
ule a project. Discretionary and internal dependencies have the greatest flexibility in your schedule. 
However, you can still find ways to adjust mandatory dependencies by applying leads and lags as 
described in Section 6.5.
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6.7 PrOmPt lists

What it is

Prompt lists identify high-level categories of risks. They are used to help ensure that all areas are 
considered when identifying project event risks and overall project risks. A prompt list is not exhaus-
tive; rather it is used to help focus attention on different categories of risk so that risk identification is 
robust and thorough.

Different industries and professions should have different prompt lists. For example, an aero-
space firm would not have the same types of risks as an environmental cleanup organization. The 
following generic list can be further decomposed into subcategories that are appropriate for your 
project to make it more robust.

•	Technical innovation
•	Legal, compliance and regulatory
•	Quality
•	Requirements
•	Contracting strategy
•	Contractors
•	Political
•	Environmental
•	Stakeholders
•	Team resources
•	Physical resources
•	Stability
•	Technical difficulty
•	Project complexity
•	Schedule
•	Budget
•	Estimating
•	Assumptions and constraints
•	External events
•	Ambiguity
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•	Uncertainty
•	Volatility
•	Social

Some of these categories are more applicable to overall risk, such as volatility, ambiguity, and 
uncertainty. Other categories are more applicable to event risks, such as team resources, stake-
holders, schedule, and budget.

hOW tO use it

Prompt lists are often used in a risk management meeting to assist in brainstorming when identify-
ing risks.

 1. If your organization has a prompt list, start with that. If not, you can use the list above and 
tailor it to the needs of your project and organization.

 2. Ask meeting attendees to review the list prior to the meeting so they are familiar with the 
categories.

 3. Ask attendees if there are any additional categories they think should be added to the list.
 4. Review each item on the prompt list and ask, “What are the risk events or conditions that 

could occur in the area of _________?” (Fill in the blank with each prompt.)
a. Some of the categories are more applicable to overall project risk rather than individual 

risks. For those, substitute, “What are the areas of overall project risk associated  
with _______?”

 5. At the end of the meeting, update the prompt list with any revisions that have occurred as a 
result of the meeting.

Scenario: You have been asked to meet the physical growth  
needs of Top Dog Project Services.

You work for the Seattle location of Top Dog Project Services. Your location has two projects 
to accommodate growth: expanding the work-from-home program and leasing new space to 
build out. You develop two different prompt lists for your meeting because, though some of the 
risk categories are the same, there are many that are unique to each aspect of the project.

The first half of the meeting delves into the risks associated with the work-from-home pro-
gram. You sent out a prompt list that included the following categories:

•	 Legal, compliance and regulatory
•	 Requirements
•	 Experience
•	 Assumptions and constraints
•	 Uncertainty

You point out that “uncertainty” is an overall risk. You start the meeting by asking if any-
one has something to add. The business analyst on the team points out that the organization 
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currently has no processes around working from home and she thinks that is an entire category 
of risks. You agree and add “Process” to the list.

The team spends about an hour brainstorming risks and ends up with a viable start to a 
Risk Register.

After a break you call the meeting back to order and focus on the risk categories associated 
with the new space buildout. Your prompt list includes the following categories:

•	 Legal, compliance and regulatory
•	 Requirements
•	 Contractors
•	 Assumptions and constraints
•	 Estimating
•	 Schedule
•	 Budget

The team agrees with the list. They spend 90 minutes brainstorming risks and develop a 
robust set of risks for the Risk Register.

After the meeting you update the prompt list to make sure the “process” category is 
included for future reference.

additional information

If your organization does not have a formal prompt list, the lowest level of the work breakdown 
structure or the lowest level of the risk breakdown structure is a good place to start.
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6.8 PrOtOtyPes

What it is

A prototype is a model of an end product or process. It is usually created early in the project to give 
stakeholders an opportunity to visualize the end product. A prototype is generally created based 
on the known requirements, which allows stakeholders to “get a feel” for the end product. This 
aids in getting feedback on requirements or deliverables before expending a lot of time, effort, and 
expense. Examples of prototypes include:

simulations. Simulations are sometimes called virtual prototypes. They are often developed prior 
to a physical prototype model using CAD (computer-aided design) or CAE (computer-aided engineer-
ing) software. You can model component parts, or entire products, using simulations. Simulations are 
a relatively inexpensive way to help stakeholders uncover their expectations and requirements.

three-dimensional small-scale models. These are often used for construction projects so 
stakeholders and customers can see the design in context and get an idea of the relative scale and 
size of each component.

storyboards. Storyboards are drawings that show examples of, or the progression of, a prod-
uct or result. They are used in software development, computer gaming, film, and in some commer-
cial real estate projects.

hOW tO use it

Because prototyping is product specific it is impossible to accurately describe how to prototype 
an individual product. This description provides a high-level overview of the process rather than a 
detailed description.

 1. Once you have an initial set of requirements, determine the best method to create a proto-
type: simulation, model, or storyboard.

 2. Create your prototype.
 3. Show it to stakeholders and record their feedback.

a. Get clarification on more detailed expectations and requirements.
b. Identify any changes to requirements.
c. Refine what stakeholders like and dislike about the prototype.

 4. Repeat this process until you have a solid understanding of stakeholder needs and 
requirements.
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Scenario: You are the project manager for a project to implement a  
childcare facility for your organization’s employees.

The childcare center has 3,000 square feet to build out. Your stakeholders have identified that 
they want the following requirements to be part of the center:

 1. An enclosed drop-off and pick-up point
 2. An art area
 3. A music area
 4. A reading area
 5. An inside play area
 6. An eating area
 7. A food prep area
 8. A quiet time and nap area
 9. Playground equipment
 10. Open space outside for running or group games

Before you start developing blueprints you want to get more feedback from the parents on 
their preferences. You decide to have an open house with several prototypes for the parents to 
look at and discuss. You use the following prototypes to help elicit more detailed requirements:

Storyboards. You have several drawings of the outdoor space with different configurations 
of playground equipment and the open play area.

Simulations. You develop several CAD designs of the inside space.
Based on the feedback from the open house you develop a model of the design that had 

the most favorable feedback. You incorporate a few changes to align with some additional sug-
gestions. You bring the model to a meeting with the parents to gain some final feedback prior to 
developing the blueprints.

additional information

Prototypes can be used as an inspection technique (see Section 6.4) to assist in validation through-
out the project life cycle.
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6.9 resOurce OPtimizatiOn

What it is

Resource optimization is done after the initial critical path is identified. (Section 6.2 describes the 
critical path method.) At that point, you load your resources into the scheduling tool. Often, you 
will find that one or more resources are over-allocated. For example, you may have scheduled 
a resource to work full time on more than one activity at the same time. Another example is if 
you have a resource for a limited amount of time (ten hours per week), but you have scheduled 
the resource for more time than that. Sometimes you can resolve these resource allocation issues 
by using float to optimize the schedule without extending the due date. However, the reduction 
of float also increases the number of critical or near-critical activities. Other times, you will find 
that the schedule due date is pushed out, and you have a new critical path based on resource 
availability.

Resource optimization adjusts the start and finish dates to make the best use of your resources. 
There are two ways to optimize your resources; you can level them, or you can smooth them.

Resource leveling adjusts activity start and finish dates so that resources are no longer over-
allocated. Leveling frequently pushes out the due date. For example, if Sarah is scheduled to work 
on Activity A and Activity B during the week of March 1 through March 5, and both activities require 
five days of full-time commitment, resource leveling would extend the start date of Activity B to 
begin on March 8 and end on March 12.

Another option is to find an available resource who has similar skills as Sarah. If that person is 
available March 1 through March 5, you can level the work across two resources.

Another purpose of resource leveling is to reduce peaks and valleys in resource utilization. 
Instead of working 40 hours one week and 10 the next, resource leveling seeks to have a resource 
work 25 hours each week.

Resource smoothing is similar to resource leveling, but it adjusts activities within their float 
amounts, therefore it does not change the critical path. Smoothing resources is achieved by delay-
ing some work or activities. This reduces the flexibility of the schedule when it comes to dealing 
with delays but it is a cost-effective way of managing and utilizing resources. In some cases, some 
resources may remain over-allocated.
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hOW tO use it

Use the steps below as a guideline. Tailor the steps as necessary to work within your environment.

 1. Evaluate your schedule for any instances of resource over-allocation. Most software allows 
you to view your resources and has an indicator if a resource is over-allocated.

 2. Determine if the over-allocated resources are on the critical path, or if they are working on 
activities that have float.
a. If the activities are on the critical path you will need to either extend the schedule or bring 

in additional resources with the same capabilities.
b. If the activities have float, and the resource has the availability, push the work out until the 

resource is not over-allocated, or until you reach the point where that work will become the 
new critical path.

 3. Look for uneven work patterns to see if there is a way to level out the work commitment.

Scenario: Develop an eight-hour in-house training video to prepare  
employees for an industry certification.

You are developing the content for the video in-house. You have several resources working on 
the content. One resource, Lynne, is accountable for two modules. The current schedule has 
her working on both modules at once.

    M T W TH F

Module 1 Lynne 8 8 8 8 8

Module 2 Lynne     8 8 8

You level the schedule so that she is only working on one module at a time, which extends 
the schedule by three days.

    M T W TH F M T W

Module 1 Lynne 8 8 8 8 8  

Module 2 Lynne           8 8 8

You have another resource, Ethan, whose schedule is a bit erratic.

    Week 1 Week 2
    M T W TH F M T W TH F
Module 3 Ethan 8 8 2 2 8    
Module 4 Ethan           8 8 2    

You level out his hours so that he has a more consistent workday.

    Week 1 Week 2

    M T W TH F M T W TH F

Module 3 Ethan 6 6 6 6 6    

Module 4 Ethan           6 6 4    
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additional information

Working overtime for short periods of time (no more than two weeks) can be an acceptable option 
as long as there are no regulations or policies that prohibit the extra hours. If you do ask people to 
work overtime, be aware that there may be a cost involved. Once you start asking people to work 
more than 50 hours a week or more than six days in a row their productivity rate starts to drop. 
Thus you will need to make sure you keep the overtime to a minimum to gain the most benefit.

If you are seeking to level work across multiple resources, make sure they have the skill set to 
do the work. Just because someone is available, doesn’t mean he or she has the capabilities nec-
essary to accomplish the work.

If you are bringing additional resources, make sure you account for the time it will take to get 
them trained on the content and the processes needed to do the work. Sometimes the extra time 
spent bringing a new person up to speed and coordinating work negates the time you make up by 
bringing him or her onto the project.
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6.10 rOlling-Wave Planning

What it is

Rolling-wave planning is a type of progressive elaboration where you plan the work in the near 
future (up to about 90 days out) in detail, and leave the work beyond that at a higher level. This 
doesn’t mean you don’t know or understand the scope, and it doesn’t mean you don’t have 
scheduled deliverables or cost estimates. What it means is that you elaborate the deliverables into 
activities and assign resources closer to the time you will need them.

Developing a detailed schedule and budget can be very time consuming. Along the course of 
a project many things change. At the start of a project, there are a lot of aspects of it that are not 
known. Spending time trying to get a detailed level of knowledge about work that is 6, 9, or 12 
months in the future is often not the most productive use of your time. Therefore, keep a schedule 
that is updated to reflect detail for the near future and as time passes, fill it in with additional detail 
as it becomes known.

hOW tO use it

Use the steps below as a guideline. Tailor the steps as necessary to work for your project.

 1. Planning begins with your work breakdown structure. You should have an idea about all the 
high-level deliverables at Level 2 or 3, depending on the size of your project.

 2. Decompose the deliverables that are in the near future to a lower level of detail.
 3. Transfer this information into a schedule, if it is not already there.
 4. Decompose the work into activities, assign resources, and establish start and finish dates for 

the activities.
 5. Repeat this process throughout the project and update the information with more detail as it 

becomes available.

Scenario: You are the project manager for a project to implement a  
childcare facility for your organization’s employees.

At the start of the childcare center project you have a WBS that looks like this:

chilDcare center

1. Requirements
1.1 Curriculum
1.2 Enrichment

(continued)
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1.3 Play
1.4 Operations

2. Plans
2.1 Interior
2.2 Outdoors

 2.3 Operations
3. Construction

3.1 Interior
3.2 Outdoors

4. Operational Readiness
4.1 Staffing
4.2 Food services
4.3 Curriculum
4.4 Administration

5. Project Management
5.1 Startup
5.2 Organization
5.3 Management
5.4 Closeout

About 90 days before you are scheduled to begin work on the outdoor construction (3.2 on 
the WBS) you start to fill in more detail. That part of the WBS evolves to look like this:

3.2 Outdoors
3.2.1 Design
3.2.2 Landscape

3.2.2.1 Trees
3.2.2.2 Plants

3.2.3 Equipment
3.2.3.1 Slide
3.2.3.2 Climbing apparatus
3.2.3.3 Swings
3.2.3.4 Sandbox
3.2.3.5 Water area

3.2.4 Surfaces
3.2.4.1 Pads
3.2.4.2 Cement

About 60 days prior to the start of the work, the equipment (3.2.3 on the WBS) should look 
like this:

3.2.3 Equipment
3.2.3.1 Slide

3.2.3.1.1 Determine needs
3.2.3.1.2 Conduct market research

(continued)
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3.2.3.1.3 Order slide
3.2.3.1.4 Slide delivery
3.2.3.1.5 Install slide

This shows how the scope has not expanded; it is just filled in with more detail as the start 
of the work gets closer.

additional information

You can set your waves at whatever increment works best for your project. For a six-month project 
you may use increments of two months. For a project that is three years, you may plan four to six 
months in the future. When you are getting ready to start a new phase of the project life cycle, it is a 
good idea to update and elaborate your existing schedule and budget.
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6.11 scheDule cOmPressiOn

What it is

Compressing a schedule involves looking for ways to shorten the overall project duration with-
out reducing the project scope. The two main types of schedule compression are crashing and 
fast-tracking.

crashing

Crashing looks for cost/schedule trade-offs. In other words, you look for ways to shorten the sched-
ule by applying more resources, having resources work longer hours, or by spending more money. 
The intent is to get the most schedule compression for the least amount of money. Some common 
ways of accomplishing this include

•	Bringing in more resources. Sometimes more people working, or using additional equip-
ment, can speed up progress. Be careful. Sometimes adding resources actually extends the 
duration because coordination, communication, and conflict actually take more time than they 
save!

•	Working overtime. Many times, you can work longer hours or work weekends. However, this 
is useful only for a couple of weeks. After that, people burn out and are less productive, so 
this is a short-term fix. You also need to take into consideration any union or labor regulations.

•	Paying to expedite deliverables. This can include overnight shipping and paying bonuses to 
contractors for early delivery.

Crashing usually increases cost, so weigh the benefit of earlier delivery against cost. Bottom 
line: You’re looking for the most time for the least amount of cost.

Fast-tracking

Fast-tracking shortens the schedule by overlapping activities that are normally done in parallel. You 
can overlap all or part of a task. One way of doing this is changing the network logic by using leads 
and lags (see Section 6.5). For example, you can change a finish-to-start relationship to a finish-to-
start with a lead. This causes the successor activity to start before the predecessor is complete. 
You can also change it to a start-to-start or finish-to-finish with a lag.
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Another version of fast-tracking is breaking up long tasks into smaller chunks and overlapping 
the smaller chunks. For example, if you are documenting a manual for a new product, rather than 
have the documentation as one long activity and the editing as another long activity, you can 
break them into thirds and overlap them. While one resource is writing the second part of the 
documentation, another resource can edit the first part.

Make sure you understand the real relationship between activities when you fast-track, or else 
you will end up with a schedule that doesn’t make sense and can’t be executed.

Demonstration

Here is a demonstration of a three-week schedule with five activities. The following schedule shows 
eight hours of work per day.

 
Week 1 Week 2 Week 3

 
m t W th F m t W th F m t W th F

activity a 8 8 8 8 8      

activity B     8 8 8    

activity c       8 8  

activity D         8 8 8 8  

activity e                             8

The following version of the schedule shows fast-tracking.

 
Week 1 Week 2 Week 3

 
m t W th F m t W th F m t W th F

activity a 8 8 8 8 8      

activity B   8 8 8    

activity c       8 8    

activity D       8 8 8 8  

activity e                     8        

•	The relationship between A and B changes from a finish-to-start relationship to a finish- 
to-start with a lead.

•	The relationship between C and D changes from a finish-to-start relationship to a finish- 
to-start with a lead.

•	The relationship between D and E changes from a finish-to-start relationship to a finish- 
to-finish relationship.
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The following version of the schedule shows crashing.

  Week 1 Week 2 Week 3

  m t W th F m t W th F m t W th F

activity a 10 10 10 10      

activity B   8 8 8    

activity c     16    

activity D     16 16  

activity e                     8        

•	Activity A used overtime of two hours per day to accomplish the work in four days instead of 
five days.

•	Activity C used two people instead of one.
•	Activity D used two people instead of one.

Depending on the nature of the work and the environment, you can crash and fast-track to end 
up with a viable schedule.

hOW tO use it

When you are looking to shorten the schedule, start by looking at the critical path. If you are using 
scheduling software you can sort the activities by the amount of float, from least to greatest. That 
will help focus your attention on the activities that you can compress to either recover from a 
schedule slip or to create some buffer (reserve) in your schedule. If you see any activities that have 
negative float, that is an indicator that you are behind on the critical path.

crashing

 1. Identify the activities with zero or negative float.
a. If you have some activities where you can add available resources at the same rate, you 

may end up cost neutral. For example, if you have an activity that takes 40 hours with one 
person, but only 20 hours with two people, you will still only pay for 40 hours of work, but 
get the work done faster.

b. Look for activities where you are waiting on a delivery. If you can expedite the delivery for 
an acceptable cost, you can reduce your schedule duration.

c. Evaluate overtime costs. If you can work overtime for a limited amount of time, the pre-
mium you pay for overtime may be worth the time you make up.

 2. Start by crashing the activity on the critical path where you can make up the most time for the 
least cost.

 3. If you need to crash further, find the next activity where you can make up the most time for the 
least cost.

 4. Continue until you have met your schedule target or until you can no longer crash any activities 
for an acceptable cost.
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Fast-tracking

 1. Look for activities that use separate resources and can occur at the same time. You can 
overlap these and not cause a resource constraint.

 2. Determine if you can do the activities completely in parallel, or if you should set them up as:
a. Finish-to-start with a lead
b. Finish-to-finish with a lag
c. Start-to-start with a lag
d. Any other version of dependency and leads/lags

 3. Continue until you have met your schedule target or until you cannot fast-track any activities 
for an acceptable risk.

 4. Review your schedule and determine if the risk incurred by overlapping is acceptable. 
Determine if you need to take any additional actions to reduce risk.

Scenario: You have been asked to meet the physical growth  
needs of Top Dog Project Services.

You work for the Idaho Falls location of Top Dog Project Services. You are remodeling an old 
downtown building as part of an urban renewal program. The City is upgrading the infrastruc-
ture and a lot of the streets will be torn up while new utility infrastructure is put in place. You 
were scheduled to start demolishing the interior on September 20. However, with the new infra-
structure you cannot gain access until November 1. You want to make up some of the delay to 
get the building ready for move-in as soon as possible. Here are your options:

1. You can crash some activities by bringing in an extra carpenter, electrician, plumber, HVAC 
person, or painter and reduce the duration. Bringing in more resources might even reduce the 
time without increasing cost because the extra resources will shorten the duration.

2. You can also ask those resources to work more hours (depending on any labor union restric-
tions). Overtime is usually billed at time and a half, so that option may cost more.

3. Your original schedule was set up with finish-to-start dependencies between blueprint activi-
ties, carpentry, electrical, plumbing, and HVAC. You can decide to conduct the electrical, 
plumbing, and HVAC activities in parallel instead of sequentially.

4. You can change a finish-to-start relationship in plumbing to a finish-to-start with a lead. After 
the bathrooms have all the pipes, the fixtures can be installed. The finish work doesn’t have to 
wait until the kitchen or the outside plumbing is roughed in.

5. You can install the windows and doors after the rough carpentry is done by modifying the rela-
tionship to a finish-to-finish relationship with a lag.

additional information

You should only crash work on the critical path. It is of no use to spend money to shorten a 
noncritical path because you won’t accelerate the delivery. You can’t crash everything. For 
example, you can’t pay to have two inspectors to do one occupancy permit inspection. And you 
can’t pay them to expedite the process.
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Fast-tracking can increase your risk and impact quality on the project and might necessitate 
rework.

PMBOK® Guide – Sixth Edition References

6.5 Develop Schedule
6.6 Control Schedule



                                                                Appendix: Case Study Scenarios      

 Every technique described in this book has an example of how it can be applied. It is not possible 
to provide one case study that allows each technique to be demonstrated. Thus, I created eight 
different case studies to provide a variety of projects to show how each technique is applied. Since 
readers come from all different backgrounds, I have tried to stay away from overly detailed and 
technical examples and explanations. So even though there are construction and IT examples, they 
are not so specific that you have to be in that industry to understand what is happening. 

 The case studies are listed here in the order in which they appear in the book. 

  Information Technology Help Desk 

 Every quarter your organization conducts an employee satisfaction survey for the internal support 
services. The support services are comprised of human resources, information technology, legal, 
maintenance, and security. 

 For the past several quarters, satisfaction with the IT department has been declining. The Chief 
Operating Offi cer wants you to identify what is causing the decline and what can be done about it. 

      Scenario: Your project is to help improve customer satisfaction 
with the phone support from the IT Help Desk.        

  Intranet Website Development 

 Your organization has grown from 100 people to over 500 people in the past five years. To accom-
modate the growth you have had to put new systems, work flows, and policies in place. New hires 
used to shadow existing workers to get trained but now no one seems to know all the latest infor-
mation, and it seems to be changing weekly to accommodate the expansion. 

 The organization has put together monthly department meetings to maintain a friendly working 
environment. These meetings have become the de facto way of fi nding out about new policies and 
work fl ows. What used to be a fun meeting seems to be all about bureaucracy and rules. 

 The manager of IT suggested putting together an intranet to store all policies, procedures, pro-
cesses, and work fl ows. She said it can also be used for newsletters, awards, department updates, 
announcements, and other information. This idea had a positive reception and you have been 
assigned as the project manager. 
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Scenario: You are managing a project to develop a new company intranet site. 

Childcare Center

Your organization’s employees are primarily young families with children. Forty percent of the work-
force is younger than 35 and most have toddlers and pre-school age children. Three of the organi-
zation’s core values are:

 1. Work-life balance
 2. Valuing employees
 3. Creating a supportive work environment

The Executive Management Group has decided to reinvest some of the profits back into 
the company by building and managing an onsite childcare center for employees’ children. 
Management believes that in addition to aligning with the corporate values, this will increase 
employee satisfaction and employee retention, and reduce work-loss time due to childcare issues.

The project includes identifying requirements, managing the construction (which will be out-
sourced), ensuring adequate indoor and outdoor play options, and engaging with stakeholders 
throughout the project.

Scenario: You are the project manager for a project to implement a childcare facility 
for your organization’s employees. 

Company Growth Needs

Top Dog Project Services is a company with several offices throughout the country. The company 
growth rate is holding steady at 5 to 10 percent per year. With this rate of growth, several of the 
offices are outgrowing their current office space. Your project is to work with Headquarters and 
each office to identify options to meet the office space needs for the growing workforce for the next 
five years.

You have met with the Division Directors and identified the following offices as having the most 
urgent needs:

•	Idaho Falls. Idaho Falls is looking at moving their office to an area of downtown that is under-
going an urban renewal program. There are some perks being offered to companies that par-
ticipate early, though there are risks involved as well. The City has a requirement to keep the 
brick building facades to maintain a classic feel to the downtown area.

•	Southern California. The Southern California office is pushing to develop a work-from-home 
pilot program that can be expanded to other locations in the future.

•	Seattle. The Seattle location plans on moving to a different office building. They would like to 
adopt the work-from-home program as a competitive necessity in their market.

•	Pennsylvania. The Pennsylvania office has a lease that is expiring in eight months. They plan 
on leasing and building out an office in a new business park.
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Scenario: You have been asked to meet the physical growth needs  
of Top Dog Project Services. 

In-House Training Video

Your organization wants to support employees in getting certified in their field. The Human 
Resources department has surveyed employees about their intention to pursue certification. Based 
on the responses, your organization expects 150 employees to take the certification over the next 
four years.

Your organization has 50 employees who have already taken and passed the exam. Several of 
them have volunteered to help develop the material needed to prepare people to pass the exam. 
This idea has met with favorable feedback. However, management is concerned that these employ-
ees will spend too much time training and that it will impact their work.

Your Marketing Director mentions that she has worked with a video company that specializes 
in in-house training products. They can use their own talent, or your company employees to make 
the video. Senior Management has decided to use internal employees who have already passed 
the exam as subject matter experts (SMEs) to develop the material and be in the video. You have 
been assigned to research the costs of using the video company versus filming it using in-house 
resources. Once that decision is made, you will manage the project.

Scenario: Develop an in-house training video to prepare employees  
for an industry certification. 

PMO Upgrade

You work for a project management consulting organization. Your organization has decided to 
update and upgrade your current PMO information system infrastructure with all new software, 
cloud computing, collaboration sites, and real-time reporting software.

The expectation is that you will market this platform for a monthly subscription fee to use all the 
features. You currently have 12,500 subscribers for various project management services. The proj-
ect will take one year to complete, so the income will not be realized until next year.

Scenario: Your organization is updating its current PMO information  
system infrastructure with all new software, cloud computing, collaboration  

sites, and real-time reporting software. 

Twin Pines Medical Plaza

The City of Twin Pines has grown over the past decade from 12,000 to 60,000 people. The near-
est hospital and medical facilities are 40 miles away. In a rare act of collaboration, the city, county, 
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and state have put together a bond and tax-funding stream to build a new state-of-the-art medical 
resource center called Twin Pines Medical Plaza (TPMP). Twin Pines Medical Plaza will have:

•	Hospital
•	Medical Center with various family care physicians and specialists
•	Urgent Care Center
•	Assisted Living Community
•	Community Center with programs for the community such as:

 ○ Weight management
 ○ Smoking cessation
 ○ Addiction recovery
 ○ Nutrition
 ○ Fitness programs

The following is a work breakdown schedule based on these high-level phases.

Twin Pines Medical Plaza

 1. Alternatives Development
1.1 Alternatives analysis
2.2 Conceptual engineering

 2. Reviews
2.1 Environmental impact
2.2 Traffic analysis
2.3 Noise assessment

 3. Design
3.1 Preliminary design
3.2 Permitting
3.3 60% design
3.4 90% design

 4. Construction
4.1 Ground breaking
4.2 Foundation
4.3 Steel frame
4.4 Shell
4.5 Interior frame
4.6 Trades

4.6.1 Electric
4.6.2 Plumbing
4.6.3 HVAC
4.6.4 Gas
4.6.5 Alarm
4.6.6 Telephone
4.6.7 Cable

4.7 Finishes
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 5. Equipment
5.1 ER/Trauma
5.2 Surgical
5.3 Cardiac
5.4 Neuro
5.5 CCU
5.6 ICU

 6. Staffing
6.1 Administrative
6.2 Trauma
6.3 Surgery
6.4 Specialist
6.5 Technicians
6.6 Nursing
6.7 Support
6.8 IT
6.9 Business office

Scenario: Build Twin Pines Medical Plaza, a new state-of- 
the-art medical resource center. 

Scenario: You are putting in a new backyard. 

New Backyard

After years of talking about it, you have decided to put in a new backyard. You are going to trans-
form what is now a fenced lawn into a wonderful, peaceful environment where you can barbeque, 
garden, and sit outside and relax. You have the plans drawn up for a new deck, a pond, some fruit 
trees, bushes, flowers, and ground cover.
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