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MANAGING PROJECTS

LEARNING OBJECTIVES

After completing this chapter, you should be able to:

12.1 Describe the primary concerns and objectives of project management
12.2 Develop a work breakdown structure and a Gantt chart
12.3  Understand and discuss the Critical Path Method and the Program Evaluation and 

Review Technique
12.4 Perform project crashing
12.5 Identify and manage project risks
12.6  Discuss the advantages and disadvantages of cloud-based project management 

applications

SCOTTISHPOWER RENEWABLES TO BUILD  
WORLD’S LARGEST TIDAL ENERGY PROJECT

The largest tidal energy project ever built will be located  
near the island of Islay, which is located off the west coast  
of Scotland. Planned by ScottishPower Renewables, the  
10-megawatt project will harness the power of the sea in the  
fast-moving currents of the Sound of Islay. “With around a  
quarter of Europe’s potential tidal energy resource and a tenth  
of the wave capacity, Scotland’s seas have unrivalled potential to 
generate green energy, create new, low carbon jobs and bring  
billions of pounds of investment to Scotland,” says John Swinney, 
Scotland’s finance secretary.

The energy project will utilize 10 tidal turbines (similar to what is 
shown in the image), each producing 1 megawatt of electricity. The 

turbines will be built by Norway-based Hammerfest Strm, which has 
been operating a prototype in Norway for over six years. The electricity 
generated will be used primarily by Diageo, one of the largest distillers 
on the island of Islay. “Alongside energy saving measures, wave and 
tidal energy will have a critical role to play in helping Scotland reduce 
climate emissions and phase out polluting coal and nuclear power,” 
says Richard Dixon, director of the environmental conservation group 
WWF Scotland.

The Scottish government is opposed to any new nuclear power plants 
in Scotland, and has a goal of providing 80% of electricity demand 
using renewables by 2020. By comparison, in 2009, only 27% of 
electric power in Scotland came from renewables.3

INTRODUCTION
Project management is concerned primarily with the successful planning, scheduling, and 
controlling of project resources. Projects occur all the time in all organizations, from the 
relatively quick and simple (such as finding a suitable supplier) to the extremely complex 
and time consuming (such as designing a new model of automobile). Unfortunately, if these 
projects are mismanaged, the outcome can be project failures, resulting in excess costs and 
time, and/or poor performance. The ability to lead a diverse and geographically dispersed 
project team in achieving project goals is becoming increasingly important. This chapter 
reviews all of the necessary tools and topics to help project managers make the right deci-
sions, at the right time, for the right costs.

While project management techniques have been around for quite some time, envi-
ronmental conditions today require project managers to more carefully assess risk and 
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366 PART II  MANUFACTURING AND SERVICE FLOWS

project A temporary group 
activity designed to produce a 
unique product, service, or result. 
Projects have a defined beginning 
and end, with specific tasks, 
objectives, and assigned resources.

managing projects The 
planning, scheduling, and 
controlling of resources (such as 
capital, people, materials, and 
equipment) to meet the specific 
goals (such as completion date, 
budgeted cost, and required 
performance) of the project.

Project Name Description

Channel Tunnel A 31 mile undersea tunnel connecting England and France, it began in 1988 
and was completed in 1994 for a cost of $21 billion, which was 80% more 
than the original projected cost.5

Hong Kong International 
Airport (HKIA)

Begun in 1991, HKIA was built on an island off the coast of Hong Kong. 
It is the most expensive airport ever built, at a cost of $20 billion. It was 
completed in 1998 and handles over 63 million passengers per year.6

International Space 
Station (ISS)

The most expensive project ever built, the ISS involves a collaboration of 
hundreds of companies and 15 nations. The initial module was put into orbit 
in 2000, and the most recent addition was made in 2011. So far, the United 
States has spent about $75 billion on the 925,000 pound, 357 foot ISS. Total 
costs for the project exceed $100 billion.7

Three Gorges Dam This 7,660 foot long hydroelectric dam was built across the Yangtze River 
from 1994 until 2006 at a cost of $26 billion. It was fully operational in 2012, 
with a capacity of 22,500 megawatts.8

Antilla Tower This $1.8 billion, 27-story home, owned by billionaire Mukesh Ambani, 
was completed in 2010 in Mumbai, India. The building has three helipads, 
six floors of parking, guest suites, a theater, a temple, and a ballroom. The 
building also requires hundreds of staff to operate.9

Table 12.1  Examples of Large and Expensive Projects

security, and consequently develop failure probabilities and contingency plans for many 
projects. Additionally, technological advances such as cloud-based computing and open 
source software have allowed for better project planning options and reduced costs for 
many companies.

This chapter will show managers how to construct Gantt charts, use the critical path method 
(CPM) to identify critical activities, and determine when project crashing makes the most sense. 
These and other project management techniques will allow managers to predict and potentially 
negotiate more realistic completion dates and project costs. When projects are completed on 
time and under budget, while meeting their performance requirements, everyone wins.

PROJECT MANAGEMENT DEFINED

12.1  Describe the primary concerns and objectives of project management

First, let’s answer the question: What is a project? According to the Project Management 
Institute, it is “a temporary group activity designed to produce a unique product, service 
or result.”4 Projects have a defined beginning and end, with specific tasks, objectives, and 
assigned resources. They are not routine activities, and involve a group of skilled profession-
als (such as designers, engineers, and construction workers) accomplishing a set of opera-
tions and activities. The group of workers is brought together specifically for this one project, 
such as building a tunnel, bridge, or skyscraper; programming a software application; or 
bringing relief supplies to the victims of a natural disaster. Examples of some of the largest, 
most expensive projects ever undertaken are shown in Table 12.1.

Managing projects, then, is the planning, scheduling, and controlling of resources 
(such as capital, people, materials, and equipment) to meet the specific goals (such as com-
pletion date, budgeted cost, and required performance) of the project. Project goals are usu-
ally tied to the client’s requirements such as when the project needs to be completed, how 
the completed project will perform, and what constitutes completion. The primary trade-offs 
in projects always involve cost, time, and performance. Spending more money or reducing 
performance requirements can save time, for example. Balancing these competing objectives 
is often the most challenging task for the project manager.

Watch a video about the 
Channel Tunnel

Watch a video about the 
Hong Kong International 
Airport

Watch a video about the 
International Space Station

Watch a video about the 
Three Gorges

Watch a video about the 
Antilla Tower
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Chapter 12  Managing Projects 367

Throughout this chapter, projects will be treated generically, even though projects are 
indeed different, as shown in Table 12.1. A project to bring relief supplies to the 1.3 million 
displaced survivors of the southern Haiti earthquake of 2010, for instance, was obviously 
very different from the project to develop Apple’s MacBook Pro computer. However, both 
of these projects required skillful managers and workers, as well as the right resources for 
successful project completion.

PROJECT PLANNING AND THE GANTT CHART

12.2  Develop a work breakdown structure and a Gantt chart

The planning phase is probably the single most significant contributor to successful project 
completion. No doubt, many of you have heard of the 7-Ps of planning: Prior-Proper-Planning-
Prevents-Perilously-Poor-Performance (or another similar version). This certainly holds true 
for the planning of projects. For example, according to research done by Connecticut-based 
Meta Group, poor project planning is to blame for the failure of one-third of new software 
projects.10 Furthermore, according to the industry publication IEEE Software, two of the top 
three deadliest sins of project management are (1) not planning at all, and (2) failure to plan for 
risk.11 Finally, according to Rob Black, president of Project Masters, Inc., “Almost every reason 
for failure is due to poor planning.”12

During the initial planning phase of a project, all of the project’s independent tasks 
should be defined as much as possible, so that time and cost estimates and resource assign-
ments can be made, and then control systems can be designed. The set of task descriptions 
is termed a work breakdown structure (WBS). It looks similar to a manufacturing bill of 
materials, and is shown in Figure 12.1 for a fictional park maintenance project. Specifically, 
the WBS is a hierarchical listing that starts with the finished project, and then segments the 
work into more basic work packages or tasks. Successive levels identify increasingly detailed 
or basic activities that make up the higher-level work.

work breakdown structure All 
of the project’s independent tasks, 
defined as much as possible.

Here’s how to create a WBS 
using sticky notes

Figure 12.1   Park Maintenance Project Work Breakdown Structure

1. Park Maintenance
Project

1.1 Cleanup
and Repair

1.2 Mow
Grass

1.3 Trim
Work

1.4 Sprinkler
Work

1.5 Prep Work

1.1.4 clean
and repair

playground
equipment

1.1.1 trash
pickup

1.1.2 bag grass
and trimmings

1.1.3 transport
to dump

1.2.1 cut and
edge grass

1.3.1 hedges

1.3.2 trees

1.4.1 check and
repair sprinklers

1.5.1 inventory,
refuel, and

recharge all
equipment
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368 PART II  MANUFACTURING AND SERVICE FLOWS

When the WBS is complete, the organization can 
more easily determine the time estimates for each activ-
ity, assign tasks to workers, and calculate the projected 
costs. This can be accomplished using a table describ-
ing each task and the accompanying activities, shown in 
Table 12.2. The total cost for the park maintenance proj-
ect comes to just over $900, and this could be used as a 
starting place for bidding or negotiating purposes.

THE GANTT CHART
At first glance, it appears the park maintenance proj-
ect could be completed in perhaps eight hours if several 
workers are used. To get a better picture, though, the proj-

ect manager might construct a Gantt chart, which shows the time lengths and sequences of 
the task activities. The Gantt chart was invented by Henry L. Gantt (1861–1919), a mechan-
ical engineer who early in his career worked with Frederick Taylor in developing the ideas 
behind scientific management at Midvale Steel and Bethlehem Steel. Gantt designed his 
charts so that production managers could quickly determine if work was ahead of or behind 
schedule. He described the use of his chart in a 1919 book, Organizing for Work.13 Figure 12.2 
shows a Gantt chart for the fictional park maintenance project shown in the WBS.

Along the horizontal axis is a timeline (in this case, the time units are hours). Associated 
with each activity is a bar showing the activity start and finish times, thus allowing work-
ers to quickly see activity times and sequences. Using the precedence and activity duration 
information in Table 12.2, the Gantt chart for the park maintenance project is constructed 
in Figure 12.2. Based on the completed Gantt chart for the project, it appears that 14 hours 
instead of 8 would be needed to complete all of the park maintenance activities, due to the 
required sequencing of the activities.

Task Activity Description Duration (hrs.) Cost ($15/hr.) Precedence

1.1 Clean/Rep 
air

1.1.1 trash pickup Empty trash cans, pick up litter in 
entire park

2 30 1.5

1.1.2 bag grass and 
trimmings

Bag the cut grass; bundle the bush 
and tree limbs

2 30 1.2.1, 1.3

1.1.3 transport Haul trash/grass/trimmings to the 
dump

1 15 1.1.1, 1.1.2

1.1.4 clean/repair 
playground equipment

Clean all equipment; replace worn 
and missing parts

8 120 + 250 1.5

1.2 Mow  grass 1.2.1 cut grass; edge 
grass

Mow grass with riding mower; edge 
grass along concrete areas

5 75 1.1.1

1.3 Trim work 1.3.1 trim hedges Trim all bushes and hedges 4 60 1.5

1.3.2 trim trees Trim all trees where needed 6 90 1.5

1.4 Sprinklers 1.4.1 check/repair Check all sprinklers/bubblers and 
repair where needed

5 75 + 50 1.5

1.5 Prep work 1.5.1 inventory, fuel/
charge equipment

Inventory equipment/parts; do 
maintenance if needed; refuel and 
recharge equipment where needed

4 60 + 50 None

Total $905

Table 12.2   Time, Cost, and Precedence Information for the Park Maintenance 
Project

Here are some best practices 
for project planning

gantt chart A timeline used for 
planning purposes that shows the 
time lengths and sequences of a 
project’s task activities.
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Figure 12.2  The Gantt Chart for Park Maintenance Project

Task Activity

1.5 Prep work Inventory, fuel and
charge equip.

1.3 Trim work Trim hedges

Trim trees

1.4 Sprinklers Check/repair

1.1 Cleanup/repair Trash pickup

Bag grass/trimmings

Transport 

Clean/repair
playground equip.

1.2 Mow grass Cut/edge grass
0 2 4 6 8 10 12 14

Time, hours

critical Path Method A 
method developed in the 1950s 
to determine a project’s longest 
sequence of activities that, when 
linked together, determine the 
completion time for the entire 
project.

program Evaluation and 
ReviewTechnique See Critical 
Path Method.

critical path The longest 
sequence of activities that, when 
linked together, determine the 
completion time for the entire 
project. A delay in any of the critical 
path activities will delay the entire 
project. Therefore, critical path 
activities must be managed closely, 
to allow projects to finish on time.

Another issue is the assignment of workers to the project. While at least part of this 
decision relies on management judgment or preference, the Gantt chart can be used for this 
decision—one worker could do the activities in Task 1.5, for example, in Figure 12.2, while 
also picking up the trash, cutting/edging the grass, bagging the grass, and hauling trash to the 
dump. Additionally, it appears that four more workers will be needed to perform Tasks 1.3 
and 1.4, and to clean and repair the playground equipment. It may also be possible to have one 
worker trim hedges and then check and repair sprinklers, without going over the 14-hour time 
estimate. Thus, for simple projects, Gantt charts are low cost, simple to construct, and easy 
to understand. But what about building a house? A high-rise? Or a dam? For highly complex 
projects like these and the ones shown in Table 12.1, planning involves many hundreds or 
thousands of hours and complex task considerations. In these cases, while a WBS is still used, 
project managers need a tool that more adequately considers task interdependencies and pre-
cedence relationships. PERT and CPM, the two most widely used and computerized project 
management techniques, are preferred for these types of projects, and are discussed next.

THE CPM AND PERT PROJECT  
MANAGEMENT TECHNIQUES

12.3
 Understand and discuss the Critical Path Method and the  

 Program Evaluation and Review Technique

The best-known project management techniques are the Critical Path Method (CPM) and 
the Program Evaluation and Review Technique (PERT). Both techniques were developed 
independently at about the same time in the late 1950s. This is considered the start of mod-
ern project management. Mathematicians Morgan Walker of DuPont and James Kelly of 
Remington Rand are generally credited with developing the CPM method. DuPont had pur-
chased one of the first UNIVAC computers, built by a division of Remington Rand, and 
wanted to see if it could be used for planning, scheduling, and estimating activities. Walker 
and Kelly developed the algorithms that became one of the first-ever computer applications. 
The company Booz Allen Hamilton developed PERT for the U.S. Navy. The PERT method 
was later applied to the U.S. Polaris missile project, and is credited with taking two years off 
the originally projected completion time.14

While some of the details of CPM and PERT are different, both seek to accomplish the 
same thing: to determine the longest sequence of activities that, when linked together, deter-
mine the completion time for the entire project. This is termed the critical path. A delay in 
any of the critical path activities will likely delay the entire project. Therefore, critical path 
activities must be managed closely, to allow projects to finish on time. Some projects may have 
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370 PART II  MANUFACTURING AND SERVICE FLOWS

multiple critical paths, and during the life of a project, noncritical path activities might become 
critical if they experience lengthy delays. In the following discussion, the comments and steps 
apply to both PERT and CPM, so no further distinction will be made between the two.

To begin, the following steps are required:

1. Identify all of the project’s activities, and the time required to complete each activity.
2. Determine the sequential relationships among all of the activities. (Note that Steps 

1 and 2 were discussed earlier for the WBS.)
3. Construct an activity network using the information contained in Steps 1 and 2.
4. Determine the critical path (the longest-time path through the network).
5. Determine the early start/early finish schedule and the late start/late finish sched-

ule. For each activity in the project, the early start, early finish, late start, and late 
finish times must be calculated. The difference between the early start and late 
start times or the early finish and late finish times is defined as the slack time.

Example 12.1 illustrates the steps in constructing an activity network for the earlier-described 
park maintenance project.

Here is how to create a basic 
Gantt chart using Excel

slack time The difference 
between the early start and late 
start times or the early finish and 
late finish times.

Activity Time (hrs.) Immediate Predecessor(s)

1.1.1 2 1.5.1

1.1.2 2 1.2.1, 1.3.1, 1.3.2

1.1.3 1 1.1.1, 1.1.2 

1.1.4 8 1.5.1

1.2.1 5 1.1.1

1.3.1 4 1.5.1

1.3.2 6 1.5.1

1.4.1 5 1.5.1

1.5.1 4 none

1.5.1

1.1.1

1.1.4

1.3.1

1.3.2

1.4.1

1.2.1
1.1.2

1.1.3

Constructing the activity network:

The ovals represent the activities and the arrows represent the activity sequence and predecessors. 
Activities 1.1.1, 1.1.4, 1.3.1, 1.3.2, and 1.4.1 cannot begin until 1.5.1 is completed. Similarly, 1.1.2 
cannot begin until 1.2.1, 1.3.1, and 1.3.2 are completed. Note that 1.1.3, 1.1.4, and 1.4.1 are all path-
ending activities.

Example 12.1
The Activity 

Network for the Park 
Maintenance Project
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Chapter 12  Managing Projects 371

DETERMINING THE CRITICAL PATH
The critical path of a project is the longest set of activities in a project. This is important, 
since these activities will most likely determine the total time to complete the entire project. 
Viewing the activity network for the park maintenance project in Example 12.1, the six pos-
sible activity paths are:

(1) 1.5.1—1.1.1—1.1.3
(2) 1.5.1—1.1.1—1.2.1—1.1.2—1.1.3
(3) 1.5.1—1.1.4
(4) 1.5.1—1.3.1—1.1.2—1.1.3
(5) 1.5.1—1.3.2—1.1.2—1.1.3, and
(6) 1.5.1—1.4.1.

Summing the activity times, the six activity path completion times are: (1) 7; (2) 14; (3) 12; 
(4) 11; (5) 13; and (6) 9. Thus, the critical path is Path 2, with a completion time of 14 hours, 
which is shown in red in the activity network in Example 12.1. Activities on the critical path 
are referred to as critical activities, since these activities determine a project’s completion 
time. These five activities must be managed closely to ensure that delays in these activities 
are minimized so the project can be completed on time.

DETERMINING THE EARLY/LATE  
START AND EARLY/LATE FINISH SCHEDULES
For all of the activities not on the critical path, there are potential slack times between an 
activity’s completion and the next scheduled activity. Slack times tell the project manager 
how long an activity can be delayed without affecting the overall project’s completion 
time. An early start schedule shows how early an activity can be started, and a late start 
schedule shows how late an activity can be started without delaying project completion. 
Referring to Example 12.2, the early/late start and early/late finish schedules and the activ-
ity slack hours are shown. Note that the slack time is calculated as (late start – early start) 
or (late finish – early finish) time.

All critical path activities have slack times of zero. A number of other activities, though, 
such as Activity 1.3.2 shown in Example 12.2, can have low slack times, and should also be 
monitored closely to ensure that delays do not create new critical paths and push back the 
completion of the entire project.

Referring to Example 12.2, to calculate the activity slack times for the park mainte-
nance project, the early and late, start and finish times are filled in starting with the first 
activity—1.5.1, with a starting time of 0. It is also easiest if the critical path activity boxes 
are completed first. The early start time for 1.5.1 is 0, and the early finish time is 4 hours. 
Since 1.5.1 is a critical path activity, the late start and late finish times are also 0 and 4 hours. 
Similarly, Activity 1.1.1, a critical path activity with an activity time of 2 hours, must begin 
at 4 hours (early and late start times) and finish at 6 hours (early and late finish times). 
Activities 1.2.1, 1.1.2, and 1.1.3 are all completed similarly, resulting in no slack times for 
these activities and a project completion time of 14 hours. Next, the early start time for 1.1.4, 
1.3.1, 1.3.2, and 1.4.1 is 4 hours, since that is when Activity 1.5.1 finishes. Activity 1.1.4 is an 
ending activity, so it can have a late finish time of 14 hours with a late start time of 6 hours. 
Activity 1.4.1 is also an ending activity, and therefore has a late finish time of 14 hours with 
a late start time of 9 hours. Once the early and late, start and finish times are known, the 
slack times can be calculated.

Up to this point, we have assumed that all activity times are known and constant. In the 
real world, however, most activities have varying completion times depending on a number 
of factors. Supplier deliveries can be late, machines break down, workers get sick, and the 
weather gets bad. These unexpected difficulties can cause many delays in a large project, so 
time variabilities should be considered during the planning phase. Accounting for these time 
variabilities is considered in the next section.

critical activities Activities on the 
critical path.
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372 PART II  MANUFACTURING AND SERVICE FLOWS

optimistic completion time  
The time to complete the activity if 
everything goes according to plan 
(the probability should be very low 
that the activity can be completed 
in less time).

pessimistic completion 
time The maximum completion 
time for an activity, given that 
everything goes wrong (the 
probability should be very low that 
the activity can be completed in a 
longer time).

most likely completion 
time The best estimate of 
completion time for an activity, 
given normal conditions.

Activity Time (hrs.) LS − ES (hrs.) Slack (hrs.)

1.1.1 2 4 – 4 0

1.1.2 2 11 – 11 0

1.1.3 1 13 – 13 0

1.1.4 8 6 – 4 2

1.2.1 5 6 – 6 0

1.3.1 4 7– 4 3

1.3.2 6 5– 4 1

1.4.1 5 9– 4 5

1.5.1 4 0 – 0 0

Critical path activities

The boxes represent each activity in the project activity network, and the legend above describes the 
numbers in each box. The critical path is shown in red.

Note: Slack times are calculated as (late start – early start), or (late finish – early finish) times. The 
critical path activities have zero slack.

Example 12.2
Early and Late Start 

Schedules for the Park 
Maintenance Project

1.1.1
4     6
4     6

1.5.1
0    4
0    4

1.1.4
4   12
6   14

1.3.1
4    8
7   11

1.3.2
4   10
5   11

1.4.1
4    9
9   14

1.2.1
6   11
6   11

1.1.2
11  13
11  13

1.1.3
13  14
13  14

USING THREE TIME ESTIMATES FOR PROJECT ACTIVITIES
Borrowing from PERT, we can employ a beta distribution (which is commonly used to 
describe uncertainties or random variations) based on three time estimates to complete each 
activity. The three activity time estimates are defined as follows:

Optimistic completion time (a). The time to complete the activity if everything goes 
according to plan (the probability should be very low that the activity can be completed in 
less time).

Pessimistic completion time (b). The maximum completion time for an activity, given 
that everything goes wrong (the probability should be very low that the activity can be 
completed in a longer time).

Most likely completion time (m). The best estimate of completion time for an activity, 
given normal conditions.
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Chapter 12  Managing Projects 373

To determine the expected activity completion time, t, the beta distribution weights are 
used with the three time estimates as follows:

t = (a + 4m + b)/6

To calculate one particular activity completion time variance, σ A
2 , the following equation 

is used:15

σ A
2 26= [( ) / ]b a−

Example 12.3 illustrates the calculation of expected times and variances for the park 
maintenance project.

Calculating the Probability of Completion by a Given Time
The original CPM determined that 14 hours would be needed to complete the park main-
tenance project. Using the expected activity times generated in Example 12.3, the expected 
completion time for the project then becomes 14.41 hours. Given the variances shown in 
Example 12.3 associated with each activity, though, it may very well take longer than 14.41 
hours to complete. The time variations of activities on the critical path are particularly 
noteworthy, since these could delay the entire project.

Again borrowing from PERT, the variance of the project’s completion time is found by 
summing the variances of the critical path activities, or:

σ P
2 = Σ(critical path activity variances)

For the park maintenance project shown in Example 12.3, this is:

σ P
2 0 063 0 028 0 004 0 444 0 007 0 546= + + + + =. . . . . .

Activity
Optimistic  

a
Most likely  

m
Pessimistic  

b
Expected  

t
Variance  

σA
2

1.1.1 1.5 2 3 2.08 0.063

1.1.2 1.5 2 2.5 2.0 0.028

1.1.3 0.8 1 1.2 1.0 0.004

1.1.4 5 8 10 7.83 0.694

1.2.1 4 5  8 5.33 0.444

1.3.1 3 4  6 4.16 0.25

1.3.2 3.5 6 10 6.25 1.174

1.4.1 4 5  7 5.17 0.25

1.5.1 3.5 4 4.5 4.0 0.007

Critical 
path  
variances

The original activity times for the park maintenance project from Examples 12.1 and 12.2 are 
shown above as the most likely times, m. The expected times and the variances are calculated as 
shown in the chapter. For Activity 1.1.1, t = (a + 4m + b)/6 = (1.5 + 8 + 3)/6 = 2.08, and the variance 
= [(b – a)/6]2 = (1.5/6)2 = 0.063. Note that as the spread between the optimistic and pessimistic 
completion times increases, the variance also increases. The expected completion time for the 
park project is then the sum of the critical path activity expected times, or 2.08 + 2 + 1 + 5.33 + 4 
= 14.41 hours.

Note: The critical path activity variances are shown in red.

Example 12.3
Expected Times and 
Variances for the Park 
Maintenance Project

expected activity completion 
time The beta distribution  
weights are used with the three 
time estimates as follows:  
t = (a + 4m + b)/6.

activity completion time 
variance The following 
equation is used for the variance: 

σ A
2 26= [( ) / ]b a− .
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With a standard deviation of:

σ σp p= = =2 hours0 546 0 739. . .

If we now assume that project completion times are normally distributed around the 
expected project completion time, then the normal curve Z-table can be used to find the 
probability of completing a project by a given time (this implies a 50% probability of com-
pleting the park maintenance project in less than 14.41 hours and 50% probability of complet-
ing the project in more than 14.41 hours). Use the standard normal equation to find Z:

Z P= (desired completion date expected completion date)/− σ .

Example 12.4 illustrates this concept.

Calculating the Required Completion With a Stated Probability
On the other hand, it might be preferable to determine how long a project is likely to take if 
we desire a high level of confidence in our completion time estimate. This may prove useful, 
for instance, if we are negotiating a due date with a client. In this case, start first with the 
Z-table—find the Z associated with a high probability (say, 99%), then use the standard nor-
mal equation to find the corresponding due date. Solving this equation for the due date yields:

desired completion date  Z   expected completion date( )= σ +P ..

Example 12.5 illustrates this concept.

14.41
hrs.

15
hrs.

78.8%

If it is desired to complete the project within 15 hours, the Z formula yields:

Z = (desired completion time – expected completion time)/σp
.

= (15 – 14.41) / 0.739 = 0.8. Referring to the Z-table in Appendix A, a Z value of 0.8 above 
the mean indicates a probability of 0.788. Thus, there is a 78.8% probability that the park 
maintenance project can be finished in 15 hours.

Example 12.4
Determining the 

Probability of 
Completing the Park 
Maintenance Project 

Within 15 Hours

probability of completing a 
project by a given time Use the 
standard normal equation to find Z, 
where Z = (desired completion date 
– expected completion date) / σp. 
Then use the Z table to determine 
the probability.

MONITORING THE VARIABILITIES  
OF NONCRITICAL ACTIVITIES
If activities not on the critical path have relatively high variabilities, then these could 
potentially delay the entire project’s completion date. Consider, for example, Path 5 from 
Example 12.1, consisting of Activity 1.3.2, which has a high variance (1.174) and only  
1 hour of slack time, as shown in Example 12.2. It also has a pessimistic completion time of 
10 hours. It then would appear somewhat likely that Activity 1.3.2 will experience delays, 
causing the park project to miss its projected completion time, even though it is not a criti-
cal activity. Thus, project managers must keep in close contact with these noncritical activi-
ties to monitor their progress and ensure they do not get behind schedule.
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PROJECT TRADE-OFFS AND CRASHING

12.4  Perform project crashing

The project manager can often reduce a project’s completion time by assigning more 
resources to it—more workers or overtime can be used, or more equipment can be assigned 
to the project. All of these resources come at a cost, and this is referred to as the time–cost 
trade-off in project management. Reducing a project’s completion time by using more 
resources is called project crashing. Each activity in a project has a normal completion time 
and cost, and some activities can have a shortest possible time for completion (the crash 
time) with an associated higher cost (the crash cost). Some activities, though, such as drive 
times, may not be able to be shortened.

Project managers interested in shortening a project want to know which activities can be 
crashed, and what the crash costs will be, so that project crashing can be done at the lowest 
possible additional cost. Managers also realize that crashing an activity on the critical path 
might then cause another activity path to become the critical path and hence control the 
length of the project. Thus, project crashing must consider the impacts on all project activ-
ities and paths in the network. The following three-step procedure can be used for crashing 
activity times while keeping down crash costs:

1. Calculate the crash cost per period for all project activities using the following for-
mula (assumes that all costs are linear):

Crash cost per period 
crash cost normal cost

normal time cr
=

−

−

( )
aash time( )

Table 12.3 shows the normal times and crash times and their costs for the park maintenance 
project.

2. Determine the desired completion time and the critical path (using the normal 
time estimates). If the critical path time is longer than the desired completion 
time, and there is more than one critical path, select one arbitrarily. Pick the 
activity on the critical path with the lowest crash cost per period (if there are 
multiple activities with the lowest crash cost per period, select one arbitrarily that 
has not already been crashed to the maximum extent possible). Crash this activity 
until the desired time savings have been achieved or until no further crash time 
exists for that activity.

3. Reduce the length of the crashed path, and update the project cost. Return to Step 2 
until the desired project completion time has been achieved. Note that to determine 

14.41
hrs.

16.13
hrs.

99%

If it is desired to state a completion time with a 99% level of confidence, the Z formula yields:

Desired completion time = Zσ P  + expected completion time, or 2.33(.739) + 14.41 = 16.13 
hours. Referring to the Z-table in Appendix A, a 99% level of confidence corresponds to a  
Z value of 2.33. Thus, we would be 99% sure we could complete the project in 16.13 hours.

Example 12.5
Determining the 
Completion Hours for 
the Park Maintenance 
Project With a 99% 
Confidence Level

project crashing Reducing a 
project’s completion time by using 
more resources.

crash time The shortest possible 
time for activity completion.

crash cost The cost to achieve the 
crash time.

Here are some crashing 
considerations
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Activity
Normal 

Time (hrs.)
Normal 
Cost ($)

Crash  Time 
(hrs.)

Crash Cost 
($) 

 Crash cost 
per Hour ($)

1.1.1 2  30 1  60   30

1.1.2 2  30 1  60   30

1.1.3 1  15 1  15   — 

1.1.4 8 370 2 730   60

1.2.1 5  75 3 135   30

1.3.1 4  60 1 240   60

1.3.2 6  90 2 270   45

1.4.1 5 125 2.5 200   30

1.5.1 4 110  2 170   30

$905

The crash cost per hour is calculated as:

Crash cost per period 
crash cost normal cost

normal time cr
=

−( )
− aash time( )

Note: The crash cost per hour for the critical path activities are shown in red.

Table 12.3   Normal and Crash Times and Costs for the Park 
Maintenance Project

the minimum project completion time, it would be necessary to compare the crash 
times for all the activity paths on the project activity network.

Example 12.6 illustrates activity crashing with the park maintenance project.

MANAGING PROJECT RISK

12.5  Identify and manage project risks

Project risk is a major concern in all projects, and can be defined as “unexpected events 
that can cause missed project completion times or cost overruns.” Project managers must 
try to identify potential risks, assess their likelihood of occurrence, and then develop 
plans to mitigate project risks, along with contingency plans to deal with the risks when 
they do occur.

Unforeseen events, combined with a lack of risk management plans, can prove 
extremely expensive The Channel Tunnel project’s large cost overruns mentioned in 
Table 12.1 is one such project. Also recall, in Chapter 6, our discussion of the MGM 
Mirage’s CityCenter project—a $9 billion multiple resort/casino complex that had made 
no contingency plans for an economic downturn that occurred right in the middle of the 
project’s construction. The nearby Service Spotlight describes project risk management at 
the 2012 Olympic Park in London.

Generally speaking, there are five categories of project management risks:

1. External risks. Outside of company control. Examples include changes in eco-
nomic conditions, government regulatory changes, legal developments, weather 
disruptions, and new products or competitors in the marketplace.

2. Cost risks. Mostly within company control. Examples are cost overruns by sup-
pliers and subcontractors, design changes occurring during the project, and poor 
estimates of activity costs.

Listen to Warren Buffett talk 
about risk management

project risk Unexpected events 
that can cause missed project 
completion times or cost overruns.

external risks Risks outside of 
company control, which can cause 
project delays.

cost risks Risks that are mostly 
within company control, such as 
cost overruns by suppliers and 
subcontractors, design changes 
occurring during the project, and 
poor estimates of activity costs.
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schedule risks Unrealistic activity 
time estimations, inaccurate 
technical and operational 
requirements, and insufficient 
resources, which cause project 
delays.

technology risks Failures or 
breakdowns of technology and 
software, and software integration 
problems, which can delay projects.

operational risks Incorrect 
activity scheduling, poor 
forecasting, poor supplier selection, 
lack of communication among 
key personnel, or inadequate 
production design or ramp-up, 
which can cause project delays.

City management has decided it needs the park maintenance project completed in 11 hours instead 
of the 14-hour normal completion time. Additionally, it needs to know the new total cost of the 
project. In the table below, the critical path activities and crash costs per hour are shown in red. It is 
seen that all critical path activities with available crash hours have the same crash cost per hour. So 
Activity 1.5.1 is selected, since it has 2 crash hours available, and it belongs in all activity paths. Thus, 
all pathways will be reduced simultaneously.

Activity
Normal Time 

(hrs.)
Crashed Time 

(hrs.) Crash Cost ($) 
Crash cost per 

day ($)

1.1.1 2 1 1   30

1.1.2 2→1 1 1   30

1.1.3 1 1 0   — 

1.1.4 8                2 6   60

1.2.1 5 3 2   30

1.3.1 4 1 3   60

1.3.2 6 2 4   45

1.4.1 5                 2.5 2.5   30

1.5.1 4→2 2 2   30

The two crash hours will reduce the Activity 1.5.1 normal time to two hours, and add an additional 
cost of $60 to the project. The resulting critical path time then becomes 12 hours. Activity 1.1.2 is 
selected next, since it belongs to multiple paths and has a crash time available of one hour. This 
activity is crashed, making the Activity 1.1.2 normal time one hour, which adds $30 to the project’s 
total cost. The new normal times are shown in red, above. Referring to Example 12.1, the activity paths 
and normal times are shown below:

Path Length (hrs.)

1.5.1—1.1.1—1.1.3  5

1.5.1—1.1.1—1.2.1—1.1.2—1.1.3 11

1.5.1—1.1.4 10

1.5.1—1.3.1—1.1.2—1.1.3  8

1.5.1—1.3.2—1.1.2—1.1.3 10

1.5.1—1.4.1  7

Thus, it is seen that there is still one critical path, it has a crashed time of 11 hours, and the total project 
cost is now $905 + $90 = $995. The project could still easily be crashed one more hour, by crashing 
Activity 1.1.1 for one hour, at a cost of $30.

Example 12.6
Crashing Activities in 
the Park Maintenance 
Project

3. Schedule risks. Mostly within company control. Examples include unrealistic 
activity time estimations, inaccurate technical and operational requirements, and 
insufficient resources.

4. Technology risks. Can be either inside or outside of company control. Examples 
include use of unfamiliar technology or software, failures or breakdowns of tech-
nology and software, and software integration problems.

5. Operational risks. Within company control. Examples include incorrect activ-
ity scheduling, poor forecasting, poor supplier selection, lack of communication 
among key personnel, and inadequate production design or ramp-up.
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IDENTIFYING RISKS
Early in the project’s planning stages, the project team must spend time brainstorming and 
researching potential risks and their likelihood of occurrence. Risks can then be assessed 
and resources assigned to manage these risks. In evaluating each potential risk, management 
should assess the likelihood of occurrence, the severity of the impact on the project, and the 
risk’s controllability. A risk assessment score could then be calculated using the variables men-
tioned here, to assist in ranking the risks. Example 12.7 illustrates the risk assessment score.

Based on the risk assessment, the firm can begin monitoring the highest-scoring risks 
while devising plans to mitigate and then minimize their impact if they do come to fruition. 
Risk levels should be updated periodically during the planning phases, and then while the 
project is being completed. If risks are considered high, the firm may wish to drop the proj-
ect, if possible. It may need to assemble a risk management team for large and potentially 
costly projects.

MITIGATION AND CONTINGENCY PLANS
For each identified risk, managers should consider two actions: a plan to reduce or mit-
igate the risk, and a contingency plan to implement if the event occurs. For the firm in 
Example 12.7, managers might consider using several different forecasting techniques, 
looking at historical forecasting error levels, or negotiating a guaranteed contract with 
the customer to make the forecast unimportant. They might want to finalize contracts 
with their labor unions, and find more reliable suppliers. These would be examples of risk 
mitigation plans.

When designing contingency plans, managers should consider moderate and worst-case 
scenarios. Well-designed contingency plans can keep the devastating impacts of risk events 
from happening. For the firm, again, in Example 12.7: Managers should consider the conse-
quences of forecasting too high, as well as too low, and plan how to deal with these outcomes. 
Perhaps identifying a substitute labor force and backup suppliers would also be good ideas. 
Detailed contingency plan guidelines or instructions should be compiled and communicated 
to the necessary personnel. As the project goes forward, these plans must be revisited and 
revised as conditions dictate.

risk mitigation plans Actions 
taken to reduce project risk.

Project Risk Management at London’s Olympic Park

Construction of the 2012 Olympic Park in 
London serves as a model of good project 
risk management. By October 2011, a total 

of 68 million hours had been worked at the site since the project 
began in 2005, with only 114 injuries and eight events considered 
dangerous.

To achieve that type of performance, the government agency 
charged with staging the games adopted several health and safety 
risk management approaches. During construction of the Olympic 
Park, contractors, designers, and construction coordinators were 
required to monitor and submit monthly reports on their firms’ 
health and safety risk performances. Communications with workers 
about lessons learned from incidents also were important parts 
of the risk management program. For example, health and safety 
requirements associated with various tasks each day were included 
in daily activity briefings.

An example of risk management at the site was the potential for 
materials falling off the construction trucks being used. To minimize 
this risk, a traffic management plan was implemented to ensure 

that trucks and pedestrians were kept apart. Additionally, drilling 
into concrete to secure seats in the Olympic Stadium presented 
several risks to workers, including hand–arm vibrations and 
exposure to noise. Consequently, an apparatus was developed to 
hold the drills that otherwise would have been held by hand. This 
reduced both the amount of hand–arm vibrations and noise.16

SERVICE 
SPOTLIGHT
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The Meana Engineering Co. had recently begun planning a relatively large project and had 
identified five potential risks it wanted to assess and rank. The risks and their assessments are 
shown below:

Risk Likelihood Severity Controllability Total

Legal aspects 7 3 2 12

Supplier deliveries 5 7 4 16

Labor strike 3 9 4 16

Software bugs 3 4 2  9

Inaccurate forecast 5 4 8 17

A 10-point scale is used, where 1 = very low level of concern and 10 = very high level of concern. 
The scores are added (assuming all three assessment variables are equally weighted) to obtain 
a total score for each risk. Inaccurate forecasting, labor strike, and supplier deliveries are given 
relatively high levels of risk, while legal aspects are assessed at lower risk, with software bugs 
having the lowest risk.

Example 12.7
Assessing Project 
Risks

Over time, as projects are planned and completed, the firm can develop profiles for cer-
tain types of risks and projects. It will know which risks are important, how mitigation efforts 
fared, and which contingency plans had the most success. This knowledge will help to reduce 
project failures and cost or time overruns.

PROJECT MANAGEMENT TRENDS—SOFTWARE  
AND CLOUD-BASED SYSTEMS

12.6  Discuss the advantages and disadvantages of cloud-based  
 project management applications

This chapter has discussed project management tools using a small-park maintenance 
project as the example. For large or complex projects and projects with far-flung and inter-
national participants, firms use project management software and cloud-based systems. 
Employees and subcontractors can access the projects online and make changes or receive 

Ajasa Switches to Use of MS Project

Tony Williamson, CEO of Minnesota-based Ajasa Technologies, 
formerly used Excel spreadsheets to track the firm’s projects. 
“That was just horrendous,” explains Williamson. “It was one 
huge spreadsheet. You’d open it up and somebody would have 
it locked; you’d save a copy and somebody else would come in 
and save another copy over yours.” Ajasa now relies on MS Project. 
Williamson partly credits this change with increasing the firm’s 
annual revenues to more than $35 million.

Ajasa’s employees and subcontractors (some of which are in 
foreign countries) can access a project through a central server and 
adjust projected times for tasks, for example. Project managers 

can monitor multiple projects and estimate 
the times suppliers should need to complete a 
task. Users have varied access levels, so project 
managers can view budgets, for instance, while suppliers can’t.

Ajasa used MS Project, for example, to manage a large-scale 
electronic money transfer project for a bank that wanted to convert 
its 12 regions into one automated clearinghouse. The project 
took five years to complete, and none of the bank’s 81 million 
daily transactions was disrupted. MS Project allowed Ajasa to see 
scheduling conflicts upfront and successfully balance the workload 
and costs for the project.17

SERVICE 
SPOTLIGHT

project management 
software Software designed to 
track a project’s progress.
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updates easily. The ability of project management software to track a project’s progress is 
perhaps one of its biggest advantages. The experiences of Ajasa Technologies, with its use of 
project management software, are shown in the nearby Service Spotlight.

Complex projects can be tricky, with many tasks—each having its own completion prob-
lem, due date, and subcontractor. Team-member tasks, revisions, quality considerations, 
and costs must continually be tracked and updated or reprogrammed. The project manager 
needs to communicate and collaborate with team members effectively as well. Additionally, 
project management software can identify potential problems more quickly; clarify the proj-
ect’s scope and personnel responsibilities; optimize resources; and ensure payment for com-
pleted work in an effective manner. All of these requirements can be handled with any one of 
a number of good project management software solutions. Users must remember, though, 
that use of project management software doesn’t guarantee projects will be completed on 
time or within budget constraints. The software is only as good as the people using it and the 
data put into it.

For small businesses with relatively less complex projects, free or open source software 
products are also available. Some project management software can cost as much as $20,000, 
which is simply out of many small companies’ budget ranges. The free software products 
have the basic project management tools like Gantt charts and critical path determinations, 
but do not offer capabilities such as risk management, or services like technical support, 
detailed documentation, and customization capabilities.

There are some notable exceptions: OpenProj, for example, a free, open source solu-
tion owned by California-based Serena Software, is considered one of the most sophisticated 
project management software solutions ever provided in open source format. It is compat-
ible with other software products and operating systems, and is used in over 100 countries. 
GanttProject is another freeware example—it is considered an easy-to-use program for any 
manager with a desire to keep up with ongoing projects and staff.18

CLOUD-BASED PROJECT MANAGEMENT
Cloud computing can be defined as the access and delivery of information technology 
resources including software, operating systems, and servers on an as-needed basis, for a 
subscription price or fee. For instance, suppose your project team has a job opportunity to 
build a database from JPEG images of archived government documents. Each image must 
first be converted to PDF format, and then to searchable text using optical character recog-
nition (OCR). The job completion time has a requirement of two weeks. Do you take the 
job? After d some quick calculations, the team determines it will take about 30 seconds per 
page to make the conversions. With your firm’s server and the number of images to convert, 
this means 139 days to complete the job! The options are to somehow buy or rent and then 
configure 30 servers (high risk), turn the job down (and risk losing future jobs), or look for a 
commercial cloud computing solution that could get the job done. This was a real scenario—
the firm in question was able to find a cloud service that did the required computing in less 
than a day for about $300.19

The example above illustrates the computing power and capabilities of cloud applica-
tions, which give smaller firms the ability to compete with large firms without having to 
make large capital investments in information systems. Instead, firms can use whatever com-
puting resources they need, as often or as seldom as needed, and pay only for what they use. 
Another example is a mandate by the U.S. government’s Office of Management and Budget 
(OMB). In an effort to reduce the government’s carbon footprint by eliminating about 40% 
of existing data centers, the OMB directed all federal agencies in 2010 to begin moving all 
information technology requirements to the cloud whenever reliable, secure, cost-effective 
cloud solutions could be found.20

Regarding project management software, a 2012 InformationWeek magazine survey 
found that about 60% of the business managers responding said their firms had dedi-
cated project management offices using commercial, purchased project management 
software. The rest were using a mix of simple tools like spreadsheets and/or cloud appli-
cations. Some managers in the survey were reluctant to use cloud applications due to 

open source software Free 
software for small businesses with 
relatively less complex projects.

cloud computing Access and 
delivery of information technology 
resources including software, 
operating systems, and servers 
on an as-needed basis, for a 
subscription price or fee.

Watch a demonstration of 
how to use OpenProj
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worries about data security, availability, or hidden fees and cost escalations.21 Questions 
regarding security, though, while very common regarding the cloud, are for the most part 
unfounded. All cloud sites use either 128-bit or 256-bit data encryption. At the 128-bit 
level, it would take modern-day computers literally forever to cycle through all the possi-
ble decryption keys. Compared to most home computers connected to the Internet, cloud 
systems are more secure.

One example of a cloud-based project management solution is HyperOffice. The 
Maryland-based firm has about 300,000 users and targets small- to medium-sized businesses. 
The product has collaboration features, an interactive Gantt chart, and most other features 
required by small-business managers. “I can set up projects and tasks of any duration, and 
anyone in my group can be informed when their task is due or when another task is complete 
and theirs can begin,” says David Marlatt of DNM Architect. For firms with 50 users, the cost 
is roughly $3,500 per year, which includes all of the necessary setup and support.22 For large 
global firms with many hundreds of users, cloud systems most likely would not offer a cost 
advantage over purchased software.

cloud-based project 
management solution Project 
management software available in 
the cloud.

Watch a demonstration of 
HyperOffice

Visit edge.sagepub.com/wisner to help you accomplish your 
coursework goals in an easy-to-use learning environment.

• Mobile-friendly eFlashcards
• Mobile-friendly practice quizzes
• A complete online action plan
• Chapter summaries with learning objectives

SU MM A R Y
Project management is an important element in a manager’s 
tool set today. Successful project managers not only need 
behavioral skills to deal effectively with diverse work groups 
and global partners, but also the ability to manage the plan-
ning and execution of many simultaneous complex project 
activities. This chapter has reviewed the essentials of proj-
ect management, from creating a work breakdown struc-
ture and Gantt chart, to use of the critical path method, to  

completion probability estimates, to project crashing, to 
project risk analysis, to cloud-based software. In all proj-
ects, the objective is to correctly complete project activities 
on time and within budget constraints. The tools outlined 
in this chapter will help managers in these efforts. A num-
ber of videos reinforcing the tools presented in the chapter 
were also provided.
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Activity completion time variance, 373
Cloud-based project management solution, 381
Cloud computing, 380
Cost risks, 376
Crash cost, 375
Crash time, 375
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Critical path, 369
Critical Path Method, 369
Expected activity completion time, 373
External risks, 376
Gantt chart, 368

Managing projects, 366
Most likely completion time, 372
Open source software, 380
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Project risk, 376
Risk mitigation plans, 378
Schedule risks, 377

Slack time, 370
Technology risks, 377
Work breakdown structure, 367

F O R M U L A  R E V IE W

Expected activity completion time: t = (a + 4m + b)/6, where 
a = optimistic completion time, m = most likely completion 
time, and b = pessimistic completion time.

Activity completion time variance: σ A
2 26= [( ) / ]b a− , where 

a,b are defined as above.

Variance of the project’s completion time: σp
2 = ∑ (critical 

path activity variances).

Probability of completing a project by a given time: (1) Use 
the standard normal equation to find Z, where Z = (desired 
completion date – expected completion date) / σp ; and (2) 
Look up Z in a Z-table to find the probability.

Project completion time associated with a high level of 
confidence: (1) start first with the Z-table—find the Z 
associated with a high probability (say, 99%); (2) use 
the standard normal equation to find the corresponding 
due date—desired completion date = (Zσp) + expected 
completion date.

Crash cost per period 
crash cost normal cost

normal time cr
=

−

−

( )
aash time( )  

where crash cost = cost to achieve the crash time, and 
crash time = the shortest possible time for activity 
completion.

SO LV ED  PRO BL EMS

 1. For the following project, construct a Gantt chart for 
the activities shown:

Activity Predecessor(s) Duration (days)

A — 1

B A 2

C A 3

D B 2

E B,C 1

F E 1

Based on your Gantt chart, what are the days to completion?

Answer:

Time 0 1 2 3 4 5 6

Activity
A
B
C
D
E
F

The expected days to completion are 6.

 2. Using the project in Problem 1, construct the project 
network and list all of the possible activity paths. 

Determine the critical path(s). What are the critical 
path days to completion?

Answer:

The project network is constructed using the pre-
decessor list. Activity A has no predecessor, so A 
is first; both B and C are preceded by A, so they 
are next; D is preceded by B, so it follows B; E is 
preceded by both B and C; and finally, F is preceded 
by E, to complete the network. Note that the arrows 
show the precedence.

A

B

C

D

E

F

The possible activity paths are then: A-B-D, A-B-E-F, 
and A-C-E-F

The activity path times are: A-B-D = 5 days; A-B-E-F = 
5 days; A-C-E-F = 6 days. The critical path is: A-C-E-F, 
with 6 days to completion.

 3. Using the project in Problem 1, determine the ES, EF, 
LS, LF, and slack times for each activity.
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Answer:

Activity Time  LS − ES (hrs.) Slack (hrs.)

A 1 0–0 0

B 2 2–1 1

C 3 1–1 0

D 2 4–3 1

E 1 4–4 0

F 1 5–5 0

The key here is to construct the project network boxes first, and fill in 
the ES/LS and EF/LF times for the critical path activities. Then determine 
the ES/LS and EF/LF times for the noncritical path activities. Note the 
critical path activities have no slack.

A

0    1
0    1

B

1    3
2    4

C

1    4
1    4

D

3    5
4    6

E

4    5
4    5

F

5    6
5    6

 4. The project in Problem 1 is shown here with three time 
estimates. 

Activity Optimistic Most likely Pessimistic

A 0.5 1 2.0

B 1 2 2.5

C 2.5 3 3.5

D 1 2 3

E 0.9 1 1.1

F 0.5 1 1.5

a. Calculate the expected completion times and 
completion time variances for each activity.

b. What are the expected days to completion now?

Answer:

a. (See table below)

b. The expected completion time for the project is the 
sum of the critical path expected activity times, or 
1.08 + 3 + 1 + 1 = 6.08 days.

 5. Using the data from Problem 4, calculate the variance 
and standard deviation of the project’s completion 
time. Also:

a.  What is the probability that the project can be 
completed in 6.5 days?

b.  What would be the completion days, if we needed a 
95% confidence level?

c. Which noncritical activities should be monitored 
closely? Why?

Answer:

The variance of the project’s completion time is the sum of 
the critical path activity variances, or: (0.063 + 0.028 + 0.001 
+ 0.028) = 0.12

The standard deviation of the completion time is then 

0 12.  = 0.346 days.

a. Using the Z-table, we need to find the Z = (desired 
completion time – expected completion time) / σp 
or (6.5 – 6.08)/0.346 = 1.21. Thus, the probability 
is 0.8849, or about 88% chance of completing the 
project in 6.5 days.

Activity Optimistic  a Most likely m Pessimistic b Expected t Variance σA2  

A 0.5 1 2 1.08 0.063

B 1 2 2.5 1.92 0.063

C 2.5 3 3.5 3 0.028

D 1 2 3 2 0.111

E 0.9 1 1.1 1 0.001

F 0.5 1 1.5 1 0.028
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b. Finding the Z associated with a 95% probability, 
we get 1.64 from the Z-table. Using the Z formula, 
1.64 = (DCT – 6.08)/0.346, so the desired 
completion time is 1.64(0.346) + 6.08 = 6.65 days.

c. Activity D has a relatively high variance, so it 
should be closely monitored.

 6. The project activities from Problem 4 are once again 
shown here, with the associated activity costs, crashed 
time, and crash costs. 

Activity
Normal 

time 
 Normal 
cost ($)

 Crashed 
time

Crashed 
cost ($)

A  1  500 0.5  750

B  2 1,500 1.5 2,000

C  3 2,000 2.5 2,750

D  2 1,000 1.0 2,000

E  1  300 1  300

F  1  600 0.5 1,100

a. Calculate the crash costs per day.
b. It is desired to complete the project in 5 days. Crash 

the necessary activities and determine the total 
costs, including the crash costs.

c. What are the minimum completion days, and what 
is the total crash cost?

Answer:

a. (See table below)

Activity

Normal 
Time 
(hrs)

 Normal 
Cost ($)

 
Crashed 

Time 
(hrs)

Crashed 
Cost  
($)

Crashed 
Cost 
per 

day($)

A  1  500 0.5  750  500

B  2 1,500 1.5 2,000 1,000

C  3 2,000 2.5 2,750 1,500

D  2 1,000 1.0 2,000 1,000

E  1  300  1.0  300 —

F  1  600 0.5 1,100 1,000

b. It is desired to reduce the project completion time 
by one day. Activity A is on the critical path and 
has the lowest crash cost per day. So we crash 
Activity A by the maximum time (0.5 days) at a 
cost of $250. An additional 0.5 days is needed, so 
Activity F is crashed for the 0.5 days, at a cost of 
$500. The new total project cost is then $5,900 + 
$750 = $6,650. A-C-E-F is still the critical path at 
5 days.

c. The activity paths and their associated crash times 
are:

 A-B-D = 3.0 days, A-B-E-F = 3.5 days, and A-C-E-F 
= 4.5 days, so 4.5 days is the minimum project time, 
with a total cost of $5,900 + $1,500 = $7,400.

 7. An entrepreneur wished to assess the risks associated 
with opening a new business in another country. She 
estimated the risks as (where 1 = low concern, 10 = 
extreme concern):

Risk

Likelihood 
of 

Occurrence
Severity of 

Impact Controllability

Taxation 
issues

5  4  4

Legal issues 6  5  8

Labor issues 4  8  2

Political 
issues

6  5  8

Supplier 
issues

4  7  3

The owner decided to weigh the risks equally. Rank the five 
risks in terms of their total risk scores.

Answer:

Summing the risks, we find the following:

Taxation issues = 13, Legal issues = 19, Labor issues = 14, 
Political issues = 19, and Supplier issues = 14. So the legal 
and political issues appear to be the highest risks.

R E V IE W  QU E S T I O NS
 1. What is a project?

 2. Explain the importance of project planning.

 3. What is a work breakdown structure, and what  
are its benefits?

 4. What is a Gantt chart, and what are its benefits?

 5. What do both CPM and PERT try to do?

 6. What is the critical path? Why is it  
so important for successful project  
management?

 7. What are critical activities? What is slack time?

Do n
ot 

co
py

, p
os

t, o
r d

ist
rib

ute

Copyright ©2017 by SAGE Publications, Inc.   
This work may not be reproduced or distributed in any form or by any means without express written permission of the publisher.



385Chapter 12  Managing Projects

 8. What is project crashing? Crash time? Crash cost? 
When would you need to do project crashing?

 9. What is project risk, and what are the categories of 
project risk? Are these major considerations? If so, why?

10. What is risk mitigation? How is this related to 
contingency planning?

D ISCUSS I O N  QU E S T I O NS
1. Can noncritical activities become critical? If so, how?

2. Why is it important to determine early and late, start 
and finish schedules?

3. What are the benefits of using three time estimates for 
project activities? When would you want to do this?

4. How can activity time variances cause problems for 
project managers?

5. When would you want to buy your own project 
management software, and when would you want to 
use open source or cloud-based project management 
applications?

E X ERCISE S  A N D  PROJ EC T S
1. Find information on a large project similar to those 

listed in Table 12.1 and write a report, describing as 
many elements of the project as possible.

2. Consider a typical week of your studies this semester to 
be a project, and create a work breakdown structure for 
it. Calculate the expected activity completion times and 
variances.

PRO BL EMS
 1. For the following project, construct a Gantt chart. 

Activity Predecessor(s) Duration (days)

A  — 1

B  A 3

C  A 2

D  A 4

E  B 3

F C,D 1

G  F 2

H E,G 4

Based on your Gantt chart, what are the days to completion?

 2. Using the project in Problem 1, construct the project 
network and list all of the possible pathways to 
completion. Determine the critical path(s). What are 
the critical path days to completion?

 3. For the following project, construct a Gantt chart. 

Activity Predecessor(s) Duration (days)

A  — 3

B  — 4

C  — 2

D A,B 3

E B,C 1

F D,E 3

Based on your Gantt chart, what are the days to completion?

 4. Using the project in Problem 3, construct the project 
network and list all of the possible pathways to 
completion. Determine the critical path(s). What are 
the critical path days to completion?

 5. For the following project, construct a Gantt chart. 

Activity Predecessor(s) Duration (days)

A — 2

B — 1

C  A 3

D  B 1

E C,D 4

F E 2

G D 3

H G 2

Based on your Gantt chart, what are the days to completion?

 6. Using the project in Problem 5, construct the project 
network and list all of the possible pathways to 
completion. Determine the critical path(s). What are 
the critical path days to completion?
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 7. Using the project in Problem 5, determine the ES, EF, 
LS, LF, and slack times for each activity.

Use the project information below and the critical 
path activities from Problem 6 to answer the next five 
problems: 

Activity Optimistic Most likely Pessimistic

A 1.5 2 2.3

B 1 1 1

C 2 3 4

D 0.5 1 2.5

E 2.5 4 6

F 1.5 2 4.5

G 2 3 6.5

H 1 2 3.5

 8. Calculate the expected completion times and 
completion time variances for each activity.

 9. What are the expected days to completion?

10. Calculate the variance and standard deviation of the 
project’s expected completion time.

11. What is the probability that the project can be 
completed in 14 days?

12. What would be the desired completion days, if you 
needed a 98% confidence level? Which noncritical 
activities should be monitored closely? Why?

Use the project activities shown below with the associated 
activity costs, crash time, and crash costs, to answer the next 
three problems.

Activity  Normal 
Time

Normal 
Cost ($)

 Crash 
Time

Crash 
Cost ($)

A  2 1,000 1.5 1,250

B  1  200 1    0

C  3 2,200 1.5 2,600

D  1  850 0.5 1,080

E  4 3,000 2 3,800

F  2 1,500 1.5 1,550

G 3 2,500 2 2,750

H 2 2,700 0.5 3,900

13. Calculate the crash costs per day.

14. The critical path is A-C-E-F, and it is desired to 
complete the project in 10 days. Crash the necessary 
activities and determine the total costs, including the 
minimum crash costs.

15. Using the activity paths from Problem 6, what are 
the minimum completion days, and what is the total 
project cost?

16. The Mejza Travel Agency was thinking of expanding to 
open offices in European countries and wanted to assess 
and rank various risks. The risks and their assessments 
(where 1 = low concern and 10 = high concern) are 
shown below:

Risk Likelihood Severity Controllability

Taxation issues 8 2 8

Land value 3 7 5

Labor issues 6 9 3

Political issues 2 8 6

Technological 
issues

3 7 4

The agency owners decided that the risks should be weighted 
equally. Rank the five risks in terms of their total risk scores.

C A SE  S T U D IE S

CASE 1: The Move

Jeff is COO for a $30 million, technology-based orga-
nization called MRO Supply. MRO Supply is located in 
the Upper Midwest of the United States. It is 4 p.m. on a 
Monday in January, and he just received a call from Paul, 
a friend who happens to run the office of the local elec-
trical utility provider. He informs Jeff that the owner of 
the building where MRO Supply, a company of 50 asso-
ciates, is located has not yet paid, and is unlikely to pay 
the utility bills for the building; therefore, on February 

20, power in the building will be turned off. The owner 
has not paid the electrical bill for over 12 months. 
MRO Supply is one of about 40 tenants in the building. 
Unfortunately, even if MRO Supply and the other tenants 
pay the past-due bills (which is very unlikely), the owner 
of the building would still not pay going forward. Also, 
since the tenants are not responsible for the building, it 
is not even clear the utility could accept direct payment 
from these parties.
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Jeff thus has about 30 days to relocate MRO Supply. MRO 
Supply is a “virtual distribution company” for the U.S. 
government, meaning it purchases items for government 
organizations and has them delivered directly from the man-
ufacturer to the government users. This is all done electron-
ically, so the company is heavily IT based. Jeff believes it is 
possible to successfully relocate the company within 30 days 
without having any downtime or interruption of customer 
service. The only other option would be to go out of business. 
If he executes the move effectively and communicates well 
with the organization’s employees, it should be possible not 
to have anyone quit during this time. If the move is not han-
dled and communicated well, Jeff will likely lose 15% of his 
workforce due to fears the company could close.

MRO Supply is located in a town of about 200,000 people, 
and all the employees live within 20 miles of the business. 
Therefore, it is not realistic to think about moving a long dis-
tance from where the business is currently located. Also, it 
is the desire of the owners of the company to stay in town. 
Jeff has calculated he needs about 20,000 square feet of space, 
with parking for 50. Ideally, he would also like room for 
potential expansion. He believes there are about 10 locations 
in the area that would fit their needs. All locations would 
need some amount of remodeling. He has contacts with 
three general contractors who could do the remodeling if 
they have the time, but it is not clear at this point if any could 
get the work done in the time frame needed. Jeff needs to be 
able to move all the employees and servers, and to be able to 
have the office set up and functioning by February 20.

The owners have asked Jeff to develop a plan to successfully 
move the company. They want him to develop two alterna-
tive locations from which they may choose. They expect his 
plan to have a budget, specific steps he and others are going 
to take, responsibilities for tasks, and a strategy not to have 
customer service decline during the time leading up to and 
through the move. Jeff has four main managers (Logistics, 

Purchasing, Customer Service, and Supplier Development) 
who report to him, and two additional managers (IT and 
Finance) at his level, on whom he can rely. Jeff estimates 
that in order to accomplish this move, everyone’s workload 
will increase by about 20%. Given the short time frame it is 
not possible to hire anyone new, so he has to expedite the 
move without any additional headcount. He will need to 
have specialized movers transport IT equipment and per-
haps other movers for everything else the company decides 
to take as part of the move.

In Jeff ’s favor, he has a great group of employees who are 
committed to the organization. MRO Supply’s customers 
all deal with the organization via phone or email, and are 
located throughout the Midwest and Japan. MRO Supply’s 
supplier network is located throughout the United States 
and Japan. A typical order cycle is the following: An RFQ 
from the customer is received and sent to one to three ven-
dors for a quote; when quotes are received, the best quote is 
sent to the customer, who reviews it and if acceptable sends 
an order for the item(s); an order is then sent to the ven-
dor, who ships directly to the customer or to a consolidation 
warehouse if the order needs to be consolidated. The pro-
cess normally takes five working days. MRO Supply receives 
on average about 300 RFQs a day, which is about capacity 
with the current workforce working eight hours a day.

D I S C U S S I O N  Q U E S T I O N S

1. What are the first steps Jeff should take to address this 
problem?

2. What are the main project tasks that need to be 
addressed?

3. What are the risks related to this project?

4. What steps, if any, could Jeff take to minimize these 
risks?

Note: Written Jeffrey W. Fahrenwald, MBA, Rockford University, Rockford, IL. This case was prepared solely to provide material for class 
discussion. The author does not intend to illustrate either effective or ineffective handling of a managerial situation.

CASE 2: Transforming a Community

Mike lives in a region that has historically been rated one of 
the least livable in the country for a region of its size (about 
500,000 people). Recently, a group of people (mostly business 
leaders) from the region have joined together and formed a 
steering committee that will oversee a regional transforma-
tion, with a goal of moving the region from one of the worst to 
one of the top 25 places to live in the United States in 10 years. 
Mike has been hired to be executive director of this effort.

The first thing Mike did was recruit other community 
members to make a case for change. After the case for 
change was presented and accepted by community leaders, 
community visioning sessions were held. These visioning 
sessions led to the development of a community vision that 

had the wide support of area citizens, business owners, and 
political leaders.

The results of the visioning sessions identified 11 focus 
areas that needed to be addressed if the community were to 
be transformed. These focus areas included:

 • Safety (lowering crime)
 • Healthy lifestyles (lowering obesity levels and 

improving fitness)
 • Education (raising educational levels and lowering 

dropout rates)
 • Economy and jobs (creating and attracting more 

and better-paying jobs)
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 • Planning (being able to reach measurable results)
 • Funding and alignment (having the community 

pulling in the same direction)
 • Physical infrastructure (improving transportation, 

roads, and other forms of infrastructure)
 • Families and neighborhoods (creating great places 

for people to live and visit)
 • Leadership and youth (developing leaders for now 

and the future)
 • Arts and recreation (making the area a great place 

to “play”)
 • Connectedness (ensuring the region is connected 

to other regions in the area)

Groups of people in the community have been recruited 
to develop a plan to address each of the focus areas listed 
above. The groups have further identified local organiza-
tions (both public and private) that have knowledge and/or 

ownership of something related to each of the focus areas. 
The steering committee recognizes the large size and scope 
of the task, and is looking at potential ways to manage the 
transformation.

D I S C U S S I O N  Q U E S T I O N S

1. Is this regional transformation a good candidate 
for project management and project management 
techniques? Why, or why not?

2. What are the disadvantages and risks in using project 
management tools and techniques to help move the 
transformation along?

3. What direction does Mike need to give to the leaders 
of the various focus areas if he decides to manage this 
as a large project?

Note: Written Jeffrey W. Fahrenwald, MBA, Rockford University, Rockford, IL. This case was prepared solely to provide material for class 
discussion. The author does not intend to illustrate either effective or ineffective handling of a managerial situation.

V I D EO  C A SE  S T U DY

Exclusive video case studies follow real companies as they 
make decisions, solve problems, overcome obstacles, and 
strategically use operation tools and techniques to create 
a competitive advantage. Interviews with industry profes-
sionals provide real-world context for chapter topics and 
accompanying assessments are included to enable students 
to check their understanding. 

Note: Video Case Studies will be hosted on the open-access Sage 
edge site accompanying this text.
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The big myth is that Six Sigma is about quality control and statistics. It is that—but it’s a 
helluva lot more. Ultimately, it drives leadership to be better by providing tools to think 
through tough issues. At Six Sigma’s core is an idea that can turn a company inside out, 
focusing the organization outward on the customer.

—JACK WELCH, former chairman and CEO, General Electric1

Doing things right the first time adds nothing to the cost of your product or service. 
Doing things wrong is what costs money.

—PHILIP CROSBY, noted author and quality expert2

The definition of insanity is “Doing what you have always done and expecting a 
different result.”

—ALBERT EINSTEIN3

Do n
ot 

co
py

, p
os

t, o
r d

ist
rib

ute

Copyright ©2017 by SAGE Publications, Inc.   
This work may not be reproduced or distributed in any form or by any means without express written permission of the publisher.




