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Preface

The material in this book is intended as an introduction to the
field of operations management. The topics covered include
both strategic issues and practical applications. Among the
topics are forecasting, product and service design, capacity
planning, management of quality and quality control, inven-
tory management, scheduling, supply chain management, and
project management.

My purpose in revising this book continues to be to pro-
vide a clear presentation of the concepts, tools, and appli-
cations of the field of operations management. Operations
management is evolving and growing, and I have found
updating and integrating new material to be both reward-
ing and challenging, particularly due to the plethora of new
developments in the field, while facing the practical limits on
the length of the book.

This text offers a comprehensive and flexible amount
of content that can be selected as appropriate for different
courses and formats, including undergraduate, graduate, and
executive education.

This allows instructors to select the chapters, or portions
of chapters, that are most relevant for their purposes. That
flexibility also extends to the choice of relative weighting of
the qualitative or quantitative aspects of the material and the
order in which chapters are covered because chapters do not
depend on sequence. For example, some instructors cover
project management early, others cover quality or lean early,
etc.

As in previous editions, there are major pedagogical fea-
tures designed to help students learn and understand the
material. This section describes the key features of the book,
the chapter elements, the supplements that are available for
teaching the course, highlights of the eleventh edition, and
suggested applications for classroom instruction. By pro-
viding this support, it is our hope that instructors and stu-
dents will have the tools to make this learning experience a
rewarding one.

What’s New in This Edition

This edition has been revised to incorporate and integrate
changes in the field of Operations Management, and the
many suggestions for improvement received from instructors
around the world who are using the text. The following are
key among the revisions:

e New examples, discussion questions, and problems have
been incorporated throughout.

¢ Some content has been rewritten or added to include
current information, improve clarity and help
understanding.

e New material and more emphasis have been devoted to
these topics:

Service

Supply chain management
Sustainability

Step-by-step problem solving

e Throughout the text, there are new, updated readings,
and photos to provide students with a motivating view of
the critical importance of operations management today.

*  Connect Plus for Operations Management is now
available with LearnSmart, McGraw-Hill’s adaptive
learning component. LearnSmart provides assignable
modules that help students master core concepts and
come to class better prepared.
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Walkthrough

MAJOR STUDY AND LEARNING FEATURES

A number of key features in this text have been specifically designed
to help introductory students learn, understand, and apply Operations
concepts and problem-solving techniques.

Examples with Solutions

Throughout the text, wherever a quantitative or
analytic technique is introduced, an example is
included to illustrate the application of that tech-
nique. These are designed to be easy to follow.

Y

Sales of new houses and three-month lagged unemployment are shown in the following table. EXAMPLE 10

Determine if unemployment levels can be used to predict demand for new houses and, if so, exce I

derive a predictive equation. _—
mhhe.com/stevensoni2e

Period ..o 1 2 3 4 5 6 7 8 9 10 11
Units SO .....ccovvverciiinns 20 4 17 35 25 31 38 50 15 19 14
Unemployment %

(three-month lag) ..... 7.2 4.0 7.3 55 6.8 6.0 54 3.6 8.4 7.0 9.0

1. Plot the data to see if a linear model seems reasonable. In this case, a linear model seems SOLUTION
appropriate for the range of the data.

50 o
40 - o
30 -

20 - o’

Units sold, y
°

Level of unemployment (%), x

2. Check the correlation coefficient to confirm that it is not close to zero using the Web site
template, and then obtain the regression equation:

r = —.966
This is a fairly high negative correlation. The regression equation is
y = 71.85 — 6.91x

Note that the equation pertains only to unemployment levels in the range 3.6 to 9.0,
because sample observations covered only that range.



Solved Problems

At the end of chapters and ¢

@ SOLVED PROBLEMS
chapter supplements, “solved
problems” are provided to Propken e e e o
Illustrate problem SOIVlng 440 minutes are available per day.
a a. Determine the appropriate cycle time.
and the core Concepts in b. What is the minimum number of stations possible?
the Chapter_ These have c. Assign tasks using the “positional weight” rule: Assign tasks with highest following times
(including a task’s own time) first. Break ties using greatest number of following tasks.
been carefully prepared to 4, Compute efficiency.
help students understand
. . . 0.3 minute 0.4 minute 0.2 minute 0.1 minute 0.5 minute 0.3 minute
the steps involved in solving ® ® ® ® ® ®
different types of problems.
The Excel logo indicates that
a spreadsheet is available on ®—@ —
. 0.6 minute 1.2 minutes 0.6 minute
the text’s Web site, to help
. . _ Operating time _ 440 minutes per day . .
solve the problem. Solution . Cyeletime = Q0 e e = 16 per unit
W
TABLE 16.5  Excel solution for Example 2a
.:gt;::guencingmms - | ECES | SPT | oD | CR | s/0 | EXCB' spreadSheet
Current Date: _ ) SOIUtlons
Process. Due Remain CR Critical Flow Days !
Job Time Date Sequence  Ratio Slack S/0 Time Late Where app"cable the
5 2 0 ’
- :ﬁ 1 examples and solved prob-
7 2 7 lems include screen shots
10 29 14 o
5 a1 23 of a spreadsheet solution.
Totals 3 2 - Many of these were taken
Mt : ECES 5% from the Excel templates,
Average Flow Time 20.00 . ,
Average Tardiness 9.00 20 Wh|Ch dare on the teXt S
Average Number of Jobs 293 -
15 website. Templates are
10 programmed to be fully
Sefnaics bolow | functional in Excel 2013
i B B B B ¥ and earlier.
Hotes:
1. Enter Job Name, Processing Time, and Due Date for each job.
2, For the FCFS, SPT, and DD rules, simply press the appropriate button.
3. For the CR rule, perform the following BEFORE pressing the CR button:
a. Select job with lowest Critical Ratio
b. Schedule that job next by entering next sequence number (start with 1) in the
CR Sequence column.
c. Add the processing time for that job to the current date.
d. Repeat steps a, b, and c until all jobs have been scheduled (i.e. the CR
Sequence column is filled in).
e. Then press the CR button,
4. Fill in the Remaining Operations column and then press the $/O button.




CHAPTER ELEMENTS

Within each chapter, you will find the following elements that are
designed to facilitate study and learning. All of these have been

carefully developed over many editions and have proven to be

successful.

Chapter OQutlines
Every chapter and supplement includes

an outline of the topics covered.

CHAPTER

CHAPTER OUTLINE

a1

42
43
4.4
45
48
47

Introduction, 136

What Does Product and Service Design
D0? 136

Key Questons, 136

Reasons for Product or Service Design or
Redesign, 137

Idea Generation, 139

Legal and Ethical Considerations, 141
Human Factors, 142

Cultural Factors, 143

Global Product and Service Design, 143
Environmental Factors:

Sustainability, 144

IS
>

~
©

Product and

Service Design

Reuse: Remanufacturing, 145
Recycle, 146

Other Design Considerations 149
Strategies for Product or Service Life
Stages, 149

Degree of Standardization, 151
Designing for Mass Customization, 151
Reliabiity, 153

Robust Design, 154

Degree of Newness, 155

Quality Function Deployment, 155
The Kano Model, 158

Phases in Product Design and
Development, 159

4,

Production Requirements, 161
Component Commonality, 162

1 Service Design, 162
Overview of Service Design, 163
Differences between Service Design and
Product Design, 163
Phases In the Service Design
Process,
Service Blueprinting, 164
Characteristics of Well-Designed Service:
Systems, 165
Challenges of Service Design, 166
Guidelines for Successful
Service Design, 166

4.12 Operations Strategy, 167

410 Designing for Production, 160
Crib O k) Concurrent Engineering, 160 Operations Tour: High Acres Landil, 170
B s Computer-Aided Design, 160 Chapter Supplement: Relabilty, 171
The Three Rs: Reduce, Reuse, Recycle, 144
Reduce: Value Analysis, 145
LEARNING OBJECTIVES
After completing this chapter, you should be able to: L04.7  Explain the purpose and goal of life cycle assessment.
L04.1  Explain the strategic importance of product and service design. L04.8  Explain the phrase “the 3 Rs.”
L04.2  Describe what product and service design does. L04.9  Briefly describe the phases in product design and development.
1043 Name the key questions of product and service design. L0410 Discuss several key issues in product or service design.
1044 Identify some reasons for design of redesign. L04.11  Discuss the two key issues in service design.
L04.5  List some of the main sources of design ideas. L04.12  List the characteristics of well-designed service systems.
L04.6  Discuss the importance of legal, ethical, and sustainability L04.13  List some guidelines for successful service design.

The essence of a business organization s the products and services it offers, and every aspect
of the organization and its supply chain are structured around those products and services.
Organizations that have well-designed products or services are more likely to realize their
goals than those with poorly designed products or services. Hence, organizations have a stra-
tegic interest in product and service design. Product or service design should be closely tied to
an organization’s strategy. It is a major factor in cost, quality, ti Ket, customer satisfaction, and advantage.
Consequently, marketing, finance, operations, accounting, IT, and HR need to be involved. Demand forecasts and projected
costs are important, as is the expected impact on the supply chain. It is significant to note that an important cause of operations
failures can be traced to faulty design. Designs that have not been well thought out, or incorrectly implemented, or instructions
for assembly or usage that are wrong or unclear, can be the cause of product and service failures, leading to lawsuits, injuries
and deaths, product recalls, and damaged reputations.

The introduction of new products or services, or changes to product or service designs, can have impacts throughout the
organization and the entire supply chain. Some processes may change very little, while others may have to change consider-
ably in terms of what they do or how and when they do it. New processes may have to be added, and some current ones may
be eliminated. New suppliers and distributors may need to be found and integrated into the system, and some current suppliers
and distributors may no longer be an appropriate fit. Moreover, it is necessary to take into account projected impact on demand
as well as financial, marketing, and distribution implications. Because of the potential for widespread effects, taking a “big
picture” systems approach carly and throughout the design or redesign process is imperative to reduce the chance of missing
some implications and costs, and to understand the time it will take. Likewise, input from engineering, operations, marketing,
finance, accounting, and supply chains is crucial.

In this chapter you will discover insights into the design process that apply to both product and service design.

104.1 Explain the strategic
importance of product and
service design.

considerations in product and service design

Learning Objectives

Every chapter and supplement lists the
learning objectives to achieve when studying
the chapter material. The learning objectives
are also included next to the specific material
in the margins of the text.

xii

Opening Vignettes

Each chapter opens with an introduction to the
important operations topics covered in the chapter.
This enables students to see the relevance of
operations management in order to actively engage
in learning the material.



Figures and Photos

The text includes photographs and

graphic illustrations to support

student learning and provide interest

and motivation. Approximately 100

carefully selected photos highlight the

twelfth edition. The photos illustrate

applications of operations and supply ~ FI6URE61 —
chain concepts in many successful planning influence system design
companies. More than 400 graphic

illustrations, more than any other

text in the field, are included and all

are color coded with pedagogical

consistency to assist students in

understanding concepts.

lcons

Inputs

Forecasting

Outputs

Product and
service design

Capacity
Planning
Process

Selection

Facilities and
/ equipment

Technological
change

100

A major key to Apple’s
continued success is its ability
to keep pushing the boundaries
of innovation. Apple has
demonstrated how to create
growth by dreaming up products
so new and ingenious that they
have upended one industry after
- another.

Icons are included in the text, to point out relevant applications in a discussion or concept.
These include: Excel icons .2 to point out Excel applications; and ScreenCam Tutorial
icons .2 to link to the tutorials on the text’s website.

eXcel

mhhe.com/stevenson12e

SCREENCAM TUTORIAL



Operations Strategies

An Operations Strategy section
is included at the ends of most
chapters. These sections discuss
how the chapters’ concepts can
be applied and how they impact
the operations of a company.

5.12 OPERATIONS STRATEGY

The strategic implications of capacity decisions can be enormous, impacting all areas of the
organization. From an operations management standpoint, capacity decisions establish a set
of conditions within which operations will be required to function. Hence, it is extremely
important to include input from operations management people in making capacity decisions.

Flexibility can be a key issue in capacity decisions, although flexibility is not always an option,
particularly in capital-intensive industries. However, where possible, flexibility allows an organi-
zation to be agile—that is, responsive to changes in the marketplace. Also, it reduces to a certain
extent the dependence on long-range forecasts to accurately predict demand. And flexibility makes
it easier for organizations to take advantage of technological and other innovations. Maintaining
excess capacity (a capacity cushion) may provide a degree of flexibility, albeit at added cost.

Some organizations use a strategy of maintaining a capacity cushion for the purpose of
blocking entry into the market by new competitors. The excess capacity enables them to pro-
duce at costs lower than what new competitors can. However, such a strategy means higher-
than-necessary unit costs, and it makes it more difficult to cut back if demand slows, or to
shift to new product or service offerings.

Efficiency improvements and utilization improvements can provide capacity increases.
Such improvements can be achieved by streamlining operations and reducing waste. The
chapter on lean operations describes ways for achieving those improvements.

Bottleneck management can be a way to increase effective capacity, by scheduling non-
bottleneck operations to achieve maximum utilization of bottleneck operations.

In cases where capacity expansion will be undertaken, there are two strategies for deter-
mining the timing and degree of capacity expansion. One is the expand-early strategy (i.e.,
before demand materializes). The intent might be to achieve economies of scale, to expand
market share, or to preempt competitors from expanding. The risks of this strategy include an
oversupply that would drive prices down, and underutilized equipment that would result in
higher unit costs.

The other approach is the wait-and-see strateg
materializes, perhaps incrementally). Its advantag

to more accurate matching of supply and demand, SB[ ¢ N [ A =TT SN R 22T ) READING

are loss of market share and the inability to meet d¢
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Sherwin-Williams” Dutch Boy Group has put a revolutionary spin on
wall/house painting with its new square-shaped Twist & Pour™ paint-
delivery container for the Dirt Fighter interior latex paint line. The four-
piece square container could be the first major change in how house
paint is in decades. Li but sturdy, the Twist & Pour
“bucket” is packed with so many it's next to i
to mess up a painting project.

Winning Best of Show in an AmeriStar packaging competition spon-
sored by the Institute of Packaging Professionals, the exclusive, all-
plastic paint container stands almost 7%z in. tall and holds 126 oz., a bit
less than 1 gal. Rust-resistant and moisture-resistant, the plastic bucket
gives users a new way to mix, brush, and store paint.

A hollow handle on one side makes it comfortable to pour and
[carry]. A convenient, snap-in pour spout neatly pours paint into a tray
with no dripping but can be removed if desired, to allow a wide brush to
be dipped into the 5%-in.-dia. mouth. Capping the container is a large,
twist-off lid that requires no tools to open or close. Molded with two lugs
for a snug-finger-tight closing, the threaded cap provides a tight seal to
extend the shelf life of unused paint.

While the lid requires no tools to access, the snap-off carry bail is

Readings
Readings highlight impor-

tant real-world applications,
provide examples of production/
operations issues, and offer
further elaboration of the text
material. They also provide a

>
>

basis for classroom discussion
and generate interest in the
subject matter. Many of the
end-of-chapter readings include
assignment questions.

xiv

assembled on the container in a “locked-down position” and can be pulled
up after purchase for toting or hanging on a ladder. Large, nearly 4¥2-in.-
tall label panels allow glossy front and back labels printed and UV-coated
to wrap around the can’s rounded corners, for an impressive display.

Jim MacDonald, co-designer of the Twist & Pour and a packaging
engineer at Cleveland-based Sherwin-Williams, tells Packaging Digest
that the space-efficient, square shape is easier to ship and for retail-
ers to stack in stores. It can also be nested, courtesy of a recess in the
bottom that mates with the lid’s top ring. “The new design allows for
one additional shelf facing on an eight-foot rack or shelf area.”

The labels are applied automatically, quite a feat, considering their
complexity, size, and the hollow handle they likely encounter during
application. MacDonald admits, “Label application was a challenge. We
had to modify the bottle several times to accommodate the labeling
machinery available.”

Source: “Dutch Boy Brushes Up Its Paints,” Packaging Digest, October 2002.
Copyright © 2002 Reed Business Information. Used with permission.




END-OF-CHAPTER RESOURCES

For student study and review, the following items are provided at the
end of each chapter or chapter supplement.

. Demand forecasts are essential inputs for many business decisions; they help managers decide how
‘much supply or capacity will be needed to match expected demand, both within the ization and

KEY POINTS

in the supply chain.

1

Because of random variations in demand, it is likely that the forecast will not be perfect, so managers
need to be prepared to deal with forecast errors.

bl

Other, nonrandom factors might also be present, so it is necessary to monitor forecast errors to check
for nonrandom patterns in forecast errors.

E

Itis important to choose a and one that minimizes forecast

error.

que that is cost-effecti

<
<

Summaries

Chapters contain summaries that provide an
overview of the material covered.

Key Points

Taking Stock and Critical
Thinking Exercises

These activities encourage analytical thinking and
help broaden conceptual understanding. A question
related to ethics is included in the Critical Thinking
Exercises.

This item appears at the end of each chapter. It is intended to focus your attention on three key issues for
business organizations in general, and operations management in particular. Those issues are trade-off
decisions, collaboration among various functional areas of the organization, and the impact of technol-
ogy. You will see three or more questions relating to these issues. Here is the first set of questions:

1. What are trade-offs? Why is careful consideration of trade-offs important in decision making?

2. Why is it important for the various functional areas of a business organization to collaborate?

3. In what general ways does technology have an impact on operations management decision making?

This item also will appear in every chapter. Tt allows you to critically apply information you learned in
the chapter to a practical situation. Here is the first set of exercises:

. Many organizations offer a combination of goods and services to their customers. As you learned in
this chapter, there are some key differences between production of goods and delivery of services.

‘What are the implications of these di relative to i ions?

‘Why is it important to match supply and demand? If a manager believes that supply and demand

will not be equal, what actions could the manager take to increase the probability of achieving a

match?

[

3. One way that organizations compete is through technological innovation. However, there can be
ides for both the ization and the ~ Explain.

TAKING STOCK

CRITICAL
THINKING
EXERCISES

PROBLEMS

Problem Sets

Each chapter includes a set of problems

for assignment. The problems have been
refined over many editions and are intended
to be challenging but doable for students.
Short answers to most of the problems are
included in Appendix A so that students can

>
>

1.

2.

w

The key points of the chapter are emphasized.

Key Terms

Key terms are highlighted in the text and then
repeated in the margin with brief definitions for
emphasis. They are listed at the end of each
chapter (along with page references) to aid in
reviewing.

Discussion and Review Questions

Each chapter and each supplement have a
list of discussion and review questions. These
precede the problem sets and are intended to
serve as a student self-review or as class dis-
cussion starters.

Determine the utilization and the efficiency for each of these situations:

a. A loan processing operation that processes an average of 7 loans per day. The operation has a
design capacity of 10 loans per day and an effective capacity of 8 loans per day.

b. A furnace repair team that services an average of four furnaces a day if the design capacity is six
furnaces a day and the effective capacity is five furnaces a day.

c. Would you say that systems that have higher efficiency ratios than other systems will always
have higher utilization ratios than those other systems? Explain.

In a job shop, effective capacity is only 50 percent of design capacity, and actual output is

80 percent of effective output. What design capacity would be needed to achieve an actual output of

eight jobs per week?

. A producer of pottery is considering the addition of a new plant to absorb the backlog of demand

that now exists. The primary location being considered will have fixed costs of $9,200 per month
and variable costs of 70 cents per unit produced. Each item is sold to retailers at a price that
averages 90 cents.

a. What volume per month is required in order to break even?

b. What profit would be realized on a monthly volume of 61,000 units? 87,000 units?

c. What volume is needed to obtain a profit of $16,000 per month?

d. What volume is needed to provide a revenue of $23,000 per month?

check their understanding and see immedi-
ately how they are progressing.




Operations Tours

These provide a simple “walkthrough” of an opera-
tion for students, describing the company, its product
or service, and its process of managing operations.
Companies featured include Wegmans Food Markets,
Morton Salt, Stickley Furniture, and Boeing.

\ ]
Bruegger's Bagel Bakery

Bruegger's Bagel Bakery makes and sells a variety of bagels, includ-
ing plain, onion, poppyseed, and cinnamon raisin, as well as assorted
flavors of cream cheese. Bagels are the major source of revenue for
the company.

The bagel business is a $3 billion industry. Bagels are very popular
with consumers. Not only are they relatively low in fat, they are filling,
and they taste good! Investors like the bagel industry because it can be
highly profitable: it only costs about $.10 to make a bagel, and they can
be sold for $.50 each or more. Although some bagel companies have
done poorly in recent years, due mainly to poor management, Brueg-
ger's business is booming; it is number one nationally, with over 450
shops that sell bagels, coffee, and bagel sandwiches for takeout or on-
premise consumption. Many stores in the Bruegger's chain generate an
average of $800,000 in sales annually.

Production of bagels is done in batches, according to flavor, with

CASE

Harvey Industries

Industrial customers include General Motors,

Background
Ford, Chrysler, Delta Airlines, United Parcel Service,

8
OPERATIONS TOUR - .,

>

2
_ <
output at each step in the process. At the stores, “
employees are instructed to watch for deformed
bagels and to remove them when they find them. (Deformed bagels
are returned to a processing plant where they are sliced into bagel
chips, packaged, and then taken back to the stores for sale, thereby
reducing the scrap rate.) Employees who work in the stores are care-
fully chosen and then trained so that they are competent to operate
the necessary equipment in the stores and to provide the desired level
of service to customers.

The company operates with minimal inventories of raw materials
and inventories of partially completed bagels at the plant and very little
inventory of bagels at the stores. One reason for this is to maintain a
high degree of freshness in the final product by continually supplying
fresh product to the stores. A second reason is to keep costs down;
minimal inventories mean less space is needed for storage.

ons

ger's maintains relatively little inventory at either its plants
retail stores. List the benefits and risks of this policy.

is very important to Bruegger's.

iat features of bagels do customers look at to judge their
ality?

Harvey Industries, aWisconsin company, specializes in the assembly of high-
pressure washer systems and in the sale of repair parts for these systems.
The products range from small portable high-pressure washers to large
industrial installations for snow removal from vehicles stored outdoors during
the winter months. Typical uses for high-pressure water cleaning include:

and Shell Oil Company.

Although the industrial applications are a significant part of its sales,
Harvey is primarily an of equipment for coin oper-
ated self-service car wash systems. The typical car wash is of concrete
block construction with an equipment room in the center, flanked on

r

Automobiles Airplanes either side by a number of bays. The cars are driven into the bays where
Building maintenance Barns the owner can wash and wax the car, utilizing high-pressure hot water
Engines Ice cream plants and liquid wax. A dollar bill changer is available to provide change for the
Lift trucks Machinery use of the equipment and the purchase of various products from dispens-
Swimming pools ers. The products include towels, tire cleaner, and upholstery cleaner.

Sales Manufacturing Controller Purchasing

manager manager manager

Assembly Stockroom Quality

foreman foreman engineer

A

Cases

The text includes short cases. The cases were
selected to provide a broader, more integrated
thinking opportunity for students without taking
a full case approach.




INSTRUCTOR RESOURCES

Online Learning Center (OLC) www.mhhe.com/stevensoni2e

The Online Learning Center provides complete materials for study and review. At this book’s
website, instructors have access to teaching supports such as electronic files of the ancillary
materials: Solutions Manual, Instructor’s Manual, test bank, PowerPoint Lecture Slides, Digi-
tal Image Library, and Excel Lecture scripts.

Instructor’s Manual. Prepared by Michael Godfrey, University of Wisconsin-Oshkosh,
with contributions from William J. Stevenson, this manual includes teaching notes, chapter
overview, an outline for each chapter, and solutions to the problems in the text.

Test Bank. Prepared by the Alan Cannon, University of Texas-Arlington, the Test Bank
includes over 2,000 true/false, multiple-choice, and discussion questions/problems at varying
levels of difficulty.

EZ Test Online. All test bank questions are available in EZ Test Online, a flexible elec-
tronic testing program. The answers to all questions are given, along with a rating of the
level of difficulty, chapter learning objective met, Bloom’s taxonomy question type, and the
AACSB knowledge category.

PowerPoint Lecture Slides. Prepared by David Cook, Old Dominion University, the
PowerPoint slides draw on the highlights of each chapter and provide an opportunity for the
instructor to emphasize the key concepts in class discussions.

Digital Image Library. All the figures in the book are included for insertion in PowerPoint
slides or for class discussion.

Excel Lecture Scripts. Prepared by Lee Tangedahl, University of Montana, the scripts
provide suggestions on using Excel and the Excel templates in class.

Operations Management Video Series

The operations management video series, free to text adopters, includes professionally devel-
oped videos showing students applications of key manufacturing and service topics in real
companies. Each segment includes on-site or plant footage, interviews with company manag-
ers, and focused presentations of OM applications in use to help the companies gain competi-
tive advantage. Companies such as Zappos, FedEx, Subaru, Disney, BP, Chase Bank, DHL,
Louisville Slugger, McDonald’s, Noodles & Company, and Honda are featured.

STUDENT RESOURCES

Online Learning Center (OLC) www.mhhe.com/stevenson12e

Students have access to study materials created specifically for the text.

*  Quizzes—self-grading to assess knowledge of the material.

*  PowerPoint Slides—give an overview of the chapter content.

e Excel Data Files—import into Excel for quick calculation and analysis.
e Study Outlines—provide a framework for taking notes.

e Screencam Tutorials—describe how to solve problems in the text (see below).

LA TEST



SCREENCAM TUTORIAL

Excel Templates

e Excel Templates—provide a handy Excel-based tool for solving problems in the text
(see below).

e Andmore...

ScreenCam Tutorials

These screen “movies” and voiceover tutorials explain key chapter

content, using Excel and other software platforms.

Trend-Adjusted Exponential Smoothing
A variation of simple exponential smoothing can be used when a time series exhibits a linear
trend. It is called trend-adj d ial hing or, i double hiy Trend-adj

to differentiate it from simple exponential smoothing, which is appropriate only when data
vary around an average or have step or gradual changes. If a series exhibits trend, and simple
smoothing is used on it, the forecasts will all lag the trend: If the data are increasing, each
forecast will be too low; if decreasing, each forecast will be too high.

The trend-adjusted forecast (TAF) is composed of two elements: a smoothed error and a
trend factor.

nential smoothing used when
atime series exhibits a linear
trend.

TAF+ = 8§ + T (3-11)
where SCREENCAM TUTORIAL

S; = Previous forecast plus smoothed error

T, = Current trend estimate L03.12 Prepare a trend-

adjusted exponential smoothing

and forecast.

S; = TAF, + a(A, — TAF,)

T = Ti-1 + B(TAF, — TAF— — Ti-1) (3-12)

smoothing Variation of expo-

Templates created by Lee Tangedahl, University of Montana, are included on the OLC. The templates, over 70 total,
include dynamically linked graphics and variable controls. They allow you to solve a number of problems in the text
or additional problems. All templates have been revised to allow formatting of all cells, hiding rows or columns, and
entering data or calculations in blank cells. Many ofthe templates have been expanded to accommodate solving larger

problems and cases.

TABLE 3.1
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CourseSmart (ISBN: 0077640403)

CourseSmart is a convenient way to find and buy eTextbooks. At CourseSmart you can save
up to 60 percent off the cost of a print textbook, reduce your impact on the environment,
and gain access to powerful Web tools for learning. CourseSmart has the largest selection of
eTextbooks available anywhere, offering thousands of the most commonly adopted textbooks
from a wide variety of higher education publishers. CourseSmart eTextbooks are available in
one standard online reader with full text search, notes and highlighting, and e-mail tools for
sharing notes between classmates. Visit www.CourseSmart.com for more information.

E-LEARNING AND ASSESSMENT

McGraw-Hill Connect® Operations Management

McGraw-Hill Connect® Operations Management is an online assignment and assessment
solution that connects students with the tools and resources they’ll need to achieve success
through faster learning, higher retention, and more efficient studying. It provides instructors with
tools to quickly pick content and assignments according to the topics they want to emphasize.

Online Assignments. Connect Operations Management helps students learn more
efficiently by providing practice material and feedback when they are needed. Connect
grades homework automatically and provides feedback on any questions that students may
have missed.

Operations Management

Library

section oveniew instructor view = student view

e 3 - 2
&+ section info O
Instructor
| Thomas Hayward
: 4
" Add assignment filter assignments v W~ Q
Assmnments g g Hayward@bschool.edu
snargé‘;’z Copy “  Manage dates Show | hide G@> ¥ Deleteﬁ
Title Shared Info Start-due  Showlhide View my colrse colleagues
Z Textbook Opeativ s Managemert
Z& | : = 1012513 5 ol il
%, £ | Assignment 1 - Homework (7] s @ Operations Eaam
Z i ]
- B Management Y
Z Quiz 1 z
% 0 none @ Stevenson, 12th
; ed.
zZ 4 10/25113-
%' peX e 6 none @ Section web address:
B hitp:/iconnect. megraw-hill.com/class/n_
Share .‘L’ Copy “°  Manage dates Show ! hide @ ¥ Deleteﬁ =3
fraa 7 Upload syllabusﬁ

Integration of Excel Data Sets. A convenient feature is the inclusion of an Excel data
file link in many problems using data files in their calculation. The link allows students to eas-
ily launch into Excel, work the problem, and return to Connect to key in the answer.

@ conhect

|OPERATIONS MANAGEMENT

Xix
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Student Resource Library. The Connect Business Statistics Student Library is the place
for students to access additional resources. The Student Library provides quick access to
recorded lectures, practice materials, eBooks, and more.

Operations Management

library

ebook

Essential resources for practice and study.
recorded )

lectures

ficant = — ebook lectures
shucen f: l access and search = view your instructor's
resources your textbook = recorded lectures

Guided Examples. These narrated video walkthroughs provide students with step-by-step
guidelines for solving problems similar to those contained in the text. The student is given
personalized instruction on how to solve a problem by applying the concepts presented in the
chapter. The narrated voiceover shows the steps to take to work through an exercise. Students
can go through each example multiple times if needed.

LearnSmart. LearnSmart adaptive self-study technology with Connect Operations Man-
agement helps students make the best use of their study time. LearnSmart provides a seam-
less combination of practice, assessment, and remediation for every concept in the textbook.
LearnSmart’s intelligent software adapts to students by supplying questions on a new concept
when students are ready to learn it. With LearnSmart students will spend less time on topics
they understand and instead focus on the topics they need to master.

Simple Assignment Management and Smart Grading. When it comes to studying,
time is precious. Connect Operations Management helps students learn more efficiently by
providing feedback and practice material when they need it, where they need it. When it
comes to teaching, your time also is precious. The grading function enables you to:

*  Have assignments scored automatically, giving students immediate feedback on their
work and side-by-side comparisons with correct answers.

e Access and review each response; manually change grades or leave comments for stu-
dents to review.

Student Reporting. Connect Operations Management keeps instructors informed about
how each student, section, and class is performing, allowing for more productive use of lec-
ture and office hours. The progress-tracking function enables you to:

e View scored work immediately (Add Assignment Results Screen) and track individual
or group performance with assignment and grade reports.
e Access an instant view of student or class performance relative to learning objectives.

e Collect data and generate reports required by many accreditation organizations, such as
AACSB.
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assignment results

Use the options below to view assignment scores.

assignment results: Multiple Sections

report created: 09/09/2012 957 AM CDT
report date range: -

attempt: Best

report type: | Assignment Results

P show report options & seftings

score style: Percents (Averaged)

assignment type: Homework, Practice, Quiz, Exam

Select the checkboxes on columns you want to export or print.

export fo excel

Section i 1 2 Exam 1
Total Value (Points) 20 25 20

Townsend, Rachel Section One: MWF 1:30-3:30 89% 91 50% 80%
Mann, Becky Section One: MYWF 1:30-3:30 85.33% 93% 85%
Dalo, Danielle Section One: MWF 1:30-3:30 89% 91 50% 1%
Billows, Nancy Section One: MWWF 1:30-3:30 85.33% 93% 93%

Instructor Library. The Connect Operations Management Instructor Library is your repos-
itory for additional resources to improve student engagement in and out of class. You can
select and use any asset that enhances your lecture. The Connect Business Statistics Instructor
Library includes:

eBook

* PowerPoint presentations

Operations Management

library

» show library menu
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Chapter 4. Product and Service Design

y £

notebook §_|

reading images

Chapter 4 Sections ~

4.1 INTRODUCTION

This seclicn discusses what product and service designers do, the reasons for design (or rede-
siza), and key questions that maragement must address.
What Does Product and Service Design Do?

The various activities and respansiailities of product end service design include the following
(funchional inleractions ar= shown in pareniheses ).

103.2 Doseribe what procuct
and senvice detin doss.

Translaie custoracr wants and needs into product and service requirements, (marketing,
cperations)

Refine existing produets and serviess. [marketing)

Develop new products andfor services. (narketing, uperations)

Formulate quality goals. {marketing, operations)

Formulate cost lagets. (acccunting. firance, operations)

Construct and test - (

merketing.
Document specifications.

By Pl MO

Translate preduct and service specifications into process specifications. (engineering
cperations)

Product end service cesizn mvolves or atlzcts nearly every lunctional area of an organiza-
rion. However, marketug and uperations huvs negor invelveusnt

Key Questions



& connect ¢

|OPERATIONS MANAGEMENT

e Test Bank

e Instructor’s Manual

* Digital Image Library

Connect® Plus Operations Management includes a seamless integration of an eBook and
Connect Operations Management with rich functionality integrated into the product.

Integrated Media-Rich eBook. An integrated media-rich eBook allows students to
access media in context with each chapter. Students can highlight, take notes, and access
shared instructor highlights/notes to learn the course material.

Dynamic Links. Dynamic links between the problems or questions you assign to your stu-
dents and the location in the eBook where that problem or question is covered.

Powerful Search Function. A powerful search function to pinpoint and connect key
concepts in a snap. This state-of-the-art, thoroughly tested system supports you in prepar-
ing students for the world that awaits. For more information about Connect, go to www.
mcgrawhillconnect.com or contact your local McGraw-Hill sales representative.

SmartBook SmartBook is the first and only adaptive reading experience avaible today.
SmartBook changes reading from a passive and linear experience, to an engaging and
dynamic one, in which students are more likely to master and retain important concepts, com-
ing to class better prepared. Valuable reports provide instructors insight as to how students are
progressing through textbook content, and are useful for shaping in-class time or assessment.
This revolutionary technology suite is available only from McGraw-Hill Education. To learn
more, go to http://learnsmartadvantage.com/ or contact your representative for a demo.

SMARTBOOK || oreretor Managoment. sievenson iz

k= Connect®
ASSIGNMENT  * * *

Your next assignment is about:
Project Management

Section 1

Next topic to learmn

Click here to get started.

In this assignment you should focus on leaming ihe following:
* What Is Projoct Managament?

= Nemwork Planning Models

* Managing Projects

* Project Management information Sstems

Assignmart progress: 0% (0 points)
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Tegrity Campus: Lectures 24/7

Tegrity Campus is a service that makes class time available 24/7 by automatically capturing
every lecture in a searchable format for students to review when they study and complete
assignments. With a simple one-click start-and-stop process, you capture all computer screens
and corresponding audio. Students can replay any part of any class with easy-to-use browser-
based viewing on a PC or Mac.

Educators know that the more students can see, hear, and experience class resources, the
better they learn. In fact, studies prove it. With Tegrity Campus, students quickly recall key
moments by using Tegrity Campus’s unique search feature. This search helps students effi-
ciently find what they need, when they need it, across an entire semester of class recordings.
Help turn all your students’ study time into learning moments immediately supported by your
lecture. To learn more about 7egrity, watch a two-minute Flash demo at http://tegritycampus.
mhhe.com.

Online Course Management

No matter what online course management system you use (WebCT, BlackBoard, or eCollege),
we have a course content ePack available for your course. Our new ePacks are specifically
designed to make it easy for students to navigate and access content online. For help, our
online Digital Learning Consultants are ready to assist you with your online course needs.
They provide training and will answer any questions you have throughout the life of your
adoption. McGraw-Hill Higher Education and Blackboard have teamed up. What does this
mean for you?

1. Single sign-on. Now you and your students can access McGraw-Hill’s Connect and
Create right from within your Blackboard course—all with one single sign-on.

2. Deep integration of content and tools. You get a single sign-on with Connect and
Create, and you also get integration of McGraw-Hill content and content engines
right into Blackboard. Whether you’re choosing a book for your course or building
Connect assignments, all the tools you need are right where you want them—inside of
Blackboard.

3. One gradebook. Keeping several gradebooks and manually synchronizing grades into
Blackboard is no longer necessary. When a student completes an integrated Connect
assignment, the grade for that assignment automatically (and instantly) feeds your
Blackboard grade center.

4. A solution for everyone. Whether your institution is already using Blackboard or you
just want to try Blackboard on your own, we have a solution for you. McGraw-Hill
and Blackboard can now offer you easy access to industry-leading technology and
content, whether your campus hosts it, or we do. Be sure to ask your local McGraw-Hill
representative for details.

McGraw-Hill Create™
The future of custom publishing is here. McGraw-

Mc ™ . . g g
ﬁ[lalw ( rw te Hill CreateTM is a new, self-service website that
EXcac allows you to quickly and easily create custom course

materials by drawing upon McGraw-Hill’s compre-
hensive, cross-disciplinary content and other third party resources. Creating your own custom

Mc
Graw
Hill

Education

The Best of Both Worlds

QOegrity
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book is easy. You, as an instructor, can: third party resources. Creating your own custom book
is easy. You, as an instructor, can:

e Select, then arrange the content in a way that makes the most sense for your course.
* Combine material from different sources and even upload your own content.

* Choose the best format for your students—print or eBook.

e Edit and update your course materials as often as you’d like.

* Receive your PDF review copy in minutes or a print review copy in just a few days.

Begin creating now at www.mcgrawhillcreate.com.

Connect/LearnSmart Packaging Options:

Connect with LearnSmart 1 Semester Access Card: 0077640349
Connect Plus with LearnSmart 1 Semester Access Card: 0077640357

McGraw-Hill Customer Experience Contact Information

At McGraw-Hill, we understand that getting the most from new technology can be chal-
lenging. That’s why our services don’t stop after you purchase our products. You can e-mail
our Product Specialists 24 hours a day to get product training online. Or you can search our
knowledge bank of Frequently Asked Questions on our support website. For Customer Sup-
port, call 800-331-5094, or visit www.mhhe.com/support. One of our Customer Experience
Team members will be able to assist you in a timely fashion.

ASSURANCE OF LEARNING READY

Many educational institutions today are focused on the notion of assurance of learning, an
important element of some accreditation standards. Operations Management is designed spe-
cifically to support your assurance of learning initiatives with a simple, yet powerful, solution.

Each test bank question for Operations Management maps to a specific chapter learning
outcome/objective listed in the text. You can use our test bank software, EZ Test and EZ Test
Online, or Connect Operations Management to easily query for learning outcomes/objectives
that directly relate to the learning objectives for your course. You can then use the reporting
features of EZ Test to aggregate student results in similar fashion, making the collection and
presentation of assurance of learning data simple and easy.

AACSB STATEMENT

McGraw-Hill Education is a proud corporate member of AACSB International. Understand-
ing the importance and value of AACSB accreditation, Operations Management recognizes
the curricula guidelines detailed in the AACSB standards for business accreditation by con-
necting selected questions in the test bank to the six general knowledge and skill areas in the
AACSB’s Assessment of Learning Standards.

The statements contained in Operations Management are provided only as a guide for
the users of this textbook. The AACSB leaves content coverage and assessment within the
purview of individual schools, the mission of the school, and the faculty. While Operations
Management and the teaching package make no claim of any specific AACSB qualification
or evaluation, we have within the test bank labeled questions according to the six general
knowledge and skill areas.




Note to Students

The material in this text is part of the core knowledge in your
education. Consequently, you will derive considerable ben-
efit from your study of operations management, regardless
of your major. Practically speaking, operations is a course in
management.

This book describes principles and concepts of operations
management. You should be aware that many of these prin-
ciples and concepts are applicable to other aspects of your
professional and personal life. You can expect the benefits of
your study of operations management to serve you in those
other areas as well.

Some students approach this course with apprehension,
and perhaps even some negative feelings. It may be that they
have heard that the course contains a certain amount of quan-
titative material that they feel uncomfortable with, or that
the subject matter is dreary, or that the course is about “fac-
tory management.” This is unfortunate, because the subject
matter of this book is interesting and vital for all business
students. While it is true that some of the material is quan-
titative, numerous examples, solved problems, and answers
at the back of the book will help you with the quantitative
material. As for “factory management,” there is material
on manufacturing as well as on services. Manufacturing is
important, and something that you should know about for a
number of reasons. Look around you. Most of the “things”
you see were manufactured: cars, trucks, planes, cloth-
ing, shoes, computers, books, pens and pencils, desks, and
cell phones. And these are just the tip of the iceberg. So it
makes sense to know something about how these things are
produced. Beyond all that is the fact that manufacturing is
largely responsible for the high standard of living people
have in industrialized countries.

After reading each chapter or supplement in the text,
attending related classroom lectures, and completing assigned
questions and problems, you should be able to do each of the
following:

1. Identify the key features of that material.
2. Define and use terminology.

3. Solve typical problems.

4. Recognize applications of the concepts and techniques
covered.

5. Discuss the subject matter in some depth, including its
relevance, managerial considerations, and advantages
and limitations.

You will encounter a number of chapter supplements. Check
with your instructor to determine whether to study them.

This book places an emphasis on problem solving. There
are many examples throughout the text illustrating solutions.
In addition, at the end of most chapters and supplements you
will find a group of solved problems. The examples within
the chapter itself serve to illustrate concepts and techniques.
Too much detail at those points would be counterproductive.
Yet, later on, when you begin to solve the end-of-chapter
problems, you will find the solved problems quite helpful.
Moreover, those solved problems usually illustrate more and
different details than the problems within the chapter.

I suggest the following approach to increase your chances
of getting a good grade in the course:

1. Look over the chapter outline and learning objectives.
2. Read the chapter summary, and then skim the chapter.
3. Read the chapter and take notes.
4.

Look over and try to answer the discussion and review
questions.

5. Solve the problems, referring to the solved problems and
chapter examples as needed.

6. Take the quizzes on the text’s website.

Note that the answers to many problems are given at the
end of the book. Try to solve each problem before turning to
the answer. Remember—tests don’t come with answers.

An Online Learning Center (www.mhhe.com/stevenson12e)
is also available, containing many of the same study tools
found in the text.

And here is one final thought: Homework is on the High-
way to Happiness! Enjoy the journey!

W.J.S.



Chapter-by-Chapter Revisions for the Twelfth Edition

All Chapters

Major sections within each chapter are numbered for easy
reference.

Learning objectives are positioned with related content
within each chapter.

Many minor changes have been made to improve clarity
and understanding.

The Bibliography & Additional Reading sections have
been updated/revised.

Most Chapters

Learning Objectives have been revised to incorporate new
content. Questions have been added to some readings that did
not have questions.

Additional Changes

Chapter 1: Updated product examples to make them more
current; changed the sequence of some content; updated
the reading on why manufacturing matters; added opera-
tions management job descriptions; added new readings on
analytics and agility; and added a format to guide problem
solving.

Chapter 2: Added examples of Balanced Scorecard fac-
tors; added new reading on productivity advantage; and added
the USPS sustainability scorecard to the USPS reading

Chapter 3: Added a simpler example to illustrate seasonal
computations; revised Discussion and Review question 4;
revised problems 2, 5, and 23; renumbered problems 8-18;
added new problem 13.

Chapter 4: Added a reading; added several Discussion
and Review Questions; and updated Problem 1.

Chapter 5: Added formula (and renumbered the formulas);
added a new example; added a new Solved Problem; added a
new Critical Thinking Exercise; and added five new problems.

Chapter 6: Modified the introduction to process selection
and the figure that relates volume and variety to process type;
added content on RFID tags; added a reading and deleted two
readings; added material on restaurant and hospital layouts
and a reading on the hospital room of the future; and added a
Critical Thinking Exercise.

Chapter 7: Changed the sequence of topics slightly to
improve the flow; shortened the chapter by deleting a few lists

and a table; add a solved problems and three new problems; and
provided additional guidance in the use of several formulas.

Chapter 8: Added content on automation; added a reading
and deleted several readings; and moved the Clicks or Bricks
reading to the supply chain chapter.

Chapter 8S. This supplement has been moved to the
Online Learning Center.

Chapter 9: Rearranged the sequence of some topics to
improve the flow; shortened the chapter; Deleted several read-
ings; and added material on Six Sigma.

Chapter 10: Modified several diagrams to improve under-
standing; added a Critical Thinking Exercise; and modified
the formula summary table to make it easier to select the
appropriate formula.

Chapter 10S: This supplement has been moved to the
Online Learning Center.

Chapter 11: Added more explanation of aggregation;
added three new problems and renumbered some problems;
and added an excel screenshot.

Chapter 12: Revised the introduction completely; added
detail to the starting tree diagram; added new material on
ERP, including a new figure; added a setup guide for devel-
oping an MRP plan; added a new solved problem and a new
problem; and deleted the last part of problem 9.

Chapter 13: Revised the chapter opening material;
updated Example 3; added more explanation of the EPQ
model; and added a new problem 1 and revised problems 2,
11, 27 and 28.

Chapter 14: Added a description of the characteristics of
lean systems; added benefits and risks of lean systems;
deleted a reading; added a reading; and added more material
on value stream mapping.

Chapter 15: Added new sections on risk and resiliency,
shortening the supply chain, and small businesses; added a
new reading; added material on ERP and the supply chain;
added some material on CPFR and SCORE; and added the
Clicks and Bricks reading from chapter 8.

Chapter 16: Added some excel screen shots for clarity.

Chapter 17: Revised the description of project cycle and
definition of terms; added a new Solved Problem; revised
problems so they can be solved using either AOA or AON.

Chapter 18: Deleted readings on hotels and waiting at
stop lights; added some starter problems.
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Describe the operations function and the nature of the
Explain the key aspects of operations management
Briefly describe the historical evolution of

Describe current issues in business that impact

Explain the need to manage the supply chain.

After completing this chapter, you should be able to: L01.6
L01.1  Define the terms operations managementand supply chain. operations manager’s job.
LO1.2  Identify similarities and differences between production and L01.7 dl :

service operations. decision making.
L01.3  Explain the importance of learning about operations L01.8 '

management. operations management.
LO1.4  Identify the three major functional areas of organizations and L01.9 :

describe how they interrelate. operations management.
LO1.5  Summarize the two major aspects of process management. L01.10



This book is about operations management. The subject mat- Recalls of automobiles, foods, toys, and other products;

ter is relevant for you regardless of your major. Productivity, major oil spills; and even dysfunctional state and federal
quality, e-business, competition, and customer satisfaction are legislatures are all examples of operations failures. They
important for every aspect of a business organization. This first underscore the need for effective operations management.
chapter presents an introduction and overview of operations Examples of operations successes include the many elec-
management. Among the issues it addresses are: What is opera- tronic devices we all use, medical breakthroughs in diag-
tions management? Why is it important? What do operations nosing and treating ailments, and high-quality goods and
management professionals do? services that are widely available.

The chapter also provides an interesting description of the
historical evolution of operations management and a discussion
of the trends and issues that impact operations management.

You will learn about (1) the economic balance that every business organization seeks to achieve; (2) the condition that
generally exists that makes achieving the economic balance challenging; (3) the line function that is the core of every business
organization; (4) key steps in the history and evolution of operations management; (5) the differences and similarities between
producing products and delivering services; (6) what a supply chain is, and why it is essential to manage it; and (7) the key

issues for today’s business operations.

1.1 INTRODUCTION

Operations is that part of a business organization that is responsible for producing goods
and/or services. Goods are physical items that include raw materials, parts, subassemblies
such as motherboards that go into computers, and final products such as cell phones and
automobiles. Services are activities that provide some combination of time, location, form,
or psychological value. Examples of goods and services are found all around you. Every
book you read, every video you watch, every e-mail or text message you send, every tele-
phone conversation you have, and every medical treatment you receive involves the opera-
tions function of one or more organizations. So does everything you wear, eat, travel in, sit
on, and access the Internet with. The operations function in business can also be viewed
from a more far-reaching perspective: The collective success or failure of companies’ oper-
ations functions has an impact on the ability of a nation to compete with other nations, and
on the nation’s economy.

(Goods Physical items produced
by business organizations.

Services Activities that
provide some combination
of time, location, form, and
psychological value.
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FIGURE 1.1
The three basic functions of
business organizations

LO1.1 Define the terms
operations management and
supply chain.

Operations management
The management of systems or
processes that create goods and/
or provide services.

Supply chain A sequence

of activities and organizations
involved in producing and deliv-
ering a good or service.

FIGURE 1.2

A simple product supply chain
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Organization

Finance Operations Marketing

The ideal situation for a business organization is to achieve an economic match of sup-
ply and demand. Having excess supply or excess capacity is wasteful and costly; having
too little means lost opportunity and possible customer dissatisfaction. The key func-
tions on the supply side are operations and supply chains, and sales and marketing on the
demand side.

While the operations function is responsible for producing products and/or delivering ser-
vices, it needs the support and input from other areas of the organization. Business organi-
zations have three basic functional areas, as depicted in Figure 1.1: finance, marketing, and
operations. It doesn’t matter whether the business is a retail store, a hospital, a manufacturing
firm, a car wash, or some other type of business; all business organizations have these three
basic functions.

Finance is responsible for securing financial resources at favorable prices and allocating
those resources throughout the organization, as well as budgeting, analyzing investment pro-
posals, and providing funds for operations. Marketing is responsible for assessing consumer
wants and needs, and selling and promoting the organization’s goods or services. Operations
is responsible for producing the goods or providing the services offered by the organiza-
tion. To put this into perspective, if a business organization were a car, operations would be
its engine. And just as the engine is the core of what a car does, in a business organization,
operations is the core of what the organization does. Operations management is responsible
for managing that core. Hence, operations management is the management of systems or
processes that create goods and/or provide services.

Operations and supply chains are intrinsically linked, and no business organization could
exist without both. A supply chain is the sequence of organizations—their facilities, func-
tions, and activities—that are involved in producing and delivering a product or service. The
sequence begins with basic suppliers of raw materials and extends all the way to the final
customer, as seen in Figure 1.2. Facilities might include warehouses, factories, processing
centers, offices, distribution centers, and retail outlets. Functions and activities include fore-
casting, purchasing, inventory management, information management, quality assurance,
scheduling, production, distribution, delivery, and customer service. Figure 1.3 provides
another illustration of a supply chain: a chain that begins with wheat growing on a farm and
ends with a customer buying a loaf of bread in a supermarket. Note that the value of the prod-
uct increases as it moves through the supply chain.

Supply chains are both external and internal to the organization. The external parts of
a supply chain provide raw materials, parts, equipment, supplies, and/or other inputs to
the organization, and they deliver outputs that are goods to the organization’s customers.
The internal parts of a supply chain are part of the operations function itself, supply-
ing operations with parts and materials, performing work on products, and/or performing
services.

Final
customers

Suppliers’
suppliers

Producer »| Distributor !
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FIGURE 1.3 A supply chain for bread
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The creation of goods or services involves transforming or converting inputs into outputs.
Various inputs such as capital, labor, and information are used to create goods or services
using one or more transformation processes (e.g., storing, transporting, repairing). To ensure
that the desired outputs are obtained, an organization takes measurements at various points in
the transformation process (feedback) and then compares them with previously established
standards to determine whether corrective action is needed (control). Figure 1.4 depicts the
conversion system.

Table 1.1 provides some examples of inputs, transformation processes, and outputs.
Although goods and services are listed separately in Table 1.1, it is important to note that

Value-added FIGURE 1.4

The operations function
involves the conversion of
inputs into outputs

Measurement and Feedback

-----

Measurement and
Feedback

Measurement and
Feedback




TABLE 1.1
Examples of inputs,
transformation, and outputs

FIGURE 1.5

The goods—service continuum
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Inputs Transformation Outputs

Land Processes High goods percentage

Human Cutting, drilling Houses
Physical labor Transporting Automobiles
Intellectual labor Teaching Clothing

Capital Farming Computers

Raw materials Mixing Machines
Water Packing Televisions
Metals Copying, faxing Food products
Wood Analyzing Textbooks

Equipment Developing CD players
Machines Searching High service percentage
Computers Researching Health care
Trucks Repairing Entertainment
Tools Innovating Car repair

Facilities Debugging Legal
Hospitals Selling Banking
Factories Communication
Retail stores

Energy

Other
Information
Time

Legal constraints
Government regulations

goods and services often occur jointly. For example, having the oil changed in your car is a
service, but the oil that is delivered is a good. Similarly, house painting is a service, but the
paint is a good. The goods—service combination is a continuum. It can range from primar-
ily goods, with little service, to primarily service, with few goods. Figure 1.5 illustrates this
continuum. Because there are relatively few pure goods or pure services, companies usually
sell product packages, which are a combination of goods and services. There are elements of
both goods production and service delivery in these product packages. This makes managing
operations more interesting, and also more challenging.

Surgery, teaching

Songwriting, software development

Computer repair, restaurant meal

Automobile repair, fast food

Home remodeling, retail sales

Automobile assembly, steelmaking
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Inputs Processing Output
Food Processor Raw vegetables Cleaning Canned vegetables
Metal sheets Making cans
Water Cutting
Energy Cooking
Labor Packing
Building Labeling
Equipment
Hospital Doctors, nurses Examination Treated patients
Hospital Surgery
Medical supplies Monitoring
Equipment Medication
Laboratories Therapy

Table 1.2 provides some specific illustrations of the transformation process.

The essence of the operations function is to add value during the transformation process:
Value-added is the term used to describe the difference between the cost of inputs and the
value or price of outputs. In nonprofit organizations, the value of outputs (e.g., highway con-
struction, police and fire protection) is their value to society; the greater the value-added, the
greater the effectiveness of these operations. In for-profit organizations, the value of outputs
is measured by the prices that customers are willing to pay for those goods or services. Firms
use the money generated by value-added for research and development, investment in new
facilities and equipment, worker salaries, and profits. Consequently, the greater the value-
added, the greater the amount of funds available for these purposes. Value can also be psycho-
logical, as in branding.

Many factors affect the design and management of operations systems. Among them are
the degree of involvement of customers in the process and the degree to which technology
is used to produce and/or deliver a product or service. The greater the degree of customer
involvement, the more challenging it can be to design and manage the operation. Technology
choices can have a major impact on productivity, costs, flexibility, and quality and customer
satisfaction.

1.2 PRODUCTION OF GOODS VERSUS
PROVIDING SERVICES

Although goods and services often go hand in hand, there are some very basic differences
between the two, differences that impact the management of the goods portion versus man-
agement of the service portion. There are also many similarities between the two.

Production of goods results in a tangible output, such as an automobile, eyeglasses, a
golf ball, a refrigerator—anything that we can see or touch. It may take place in a factory,
but it can occur elsewhere. For example, farming and restaurants produce nonmanufactured
goods. Delivery of service, on the other hand, generally implies an act. A physician’s exami-
nation, TV and auto repair, lawn care, and the projection of a film in a theater are examples of
services. The majority of service jobs fall into these categories:

Professional services (e.g., financial, health care, legal).
Mass services (e.g., utilities, Internet, communications).
Service shops (e.g., tailoring, appliance repair, car wash, auto repair/maintenance).

Personal care (e.g., beauty salon, spa, barbershop).

TABLE 1.2
lllustrations of the
transformation process

Value-added The difference
between the cost of inputs and
the value or price of outputs.

L01.2 Identify the similarities
and differences between pro-
duction and service operations.
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Government (e.g., Medicare, mail, social services, police, fire).

Education (e.g., schools, universities).

Food service (e.g., catering).

Services within organizations (e.g., payroll, accounting, maintenance, I'T, HR, janitorial).
Retailing and wholesaling.

Shipping and delivery (e.g., truck, railroad, boat, air).

Residential services (e.g., lawn care, painting, general repair, remodeling, interior design).
Transportation (e.g., mass transit, taxi, airlines, ambulance).

Travel and hospitality (e.g., travel bureaus, hotels, resorts).

Miscellaneous services (e.g., copy service, temporary help).

Manufacturing and service are often different in terms of what is done but quite similar in
terms of how it is done.
Consider these points of comparison:

Degree of customer contact. Many services involve a high degree of customer con-
tact, although services such as Internet providers, utilities, and mail service do not.
When there is a high degree of contact, the interaction between server and customer
becomes a “moment of truth” that will be judged by the customer every time the ser-
vice occurs.

Labor content of jobs. Services often have a higher degree of labor content than manu-
facturing jobs do, although automated services are an exception.

Uniformity of inputs. Service operations are often subject to a higher degree of vari-
ability of inputs. Each client, patient, customer, repair job, and so on presents a some-
what unique situation that requires assessment and flexibility. Conversely, manufacturing
operations often have a greater ability to control the variability of inputs, which leads to
more-uniform job requirements.

Measurement of productivity. Measurement of productivity can be more difficult for
service jobs due largely to the high variations of inputs. Thus, one doctor might have a
higher level of routine cases to deal with, while another might have more-difficult cases.
Unless a careful analysis is conducted, it may appear that the doctor with the difficult
cases has a much lower productivity than the one with the routine cases.

Quality assurance. Quality assurance is usually more challenging for services due to the
higher variation in input, and because delivery and consumption occur at the same time.
Unlike manufacturing, which typically occurs away from the customer and allows mis-
takes that are identified to be corrected, services have less opportunity to avoid exposing
the customer to mistakes.

Inventory. Many services tend to involve less use of inven-
tory than manufacturing operations, so the costs of having
inventory on hand are lower than they are for manufactur-
ing. However, unlike manufactured goods, services cannot
be stored. Instead, they must be provided “on demand.”

Wages. Manufacturing jobs are often well paid, and have
less wage variation than service jobs, which can range
from highly paid professional services to minimum-wage
workers.

Ability to patent. Product designs are often easier to patent
than service designs, and some services cannot be patented,
making them easier for competitors to copy.

There are also many similarities between managing the pro-
duction of products and managing services. In fact, most of the
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Characteristic Goods Services
Output Tangible Intangible
Customer contact Low High
Labor content Low High
Uniformity of input High Low
Measurement of productivity Easy Difficult
Opportunity to correct problems

before delivery High Low
Inventory Much Little
Wages Narrow range Wide range
Patentable Usually Not usually

topics in this book pertain to both. When there are important service considerations, these are
highlighted in separate sections. Here are some of the primary factors for both:

a. Forecasting and capacity planning to match supply and demand.
b. Process management.

c. Managing variations.

d. Monitoring and controlling costs and productivity.

e. Supply chain management.

f. Location planning, inventory management, quality control, and scheduling.

Note that many service activities are essential in goods-producing companies. These include
training, human resource management, customer service, equipment repair, procurement, and
administrative services.

Table 1.3 provides an overview of the differences between production of goods and service
operations. Remember, though, that most systems involve a blend of goods and services.

1.3 WHY LEARN ABOUT OPERATIONS
MANAGEMENT?

Whether operations management is your major or not, the skill set you gain studying opera-
tions management will serve you well in your career.

There are many career-related reasons for wanting to learn about operations management,
whether you plan to work in the field of operations or not. This is because every aspect of
business affects or is affected by operations. Operations and sales are the two line functions
in a business organization. All other functions—accounting, finance, marketing, IT, and so
on—support the two line functions. Among the service jobs that are closely related to opera-
tions are financial services (e.g., stock market analyst, broker, investment banker, and loan
officer), marketing services (e.g., market analyst, marketing researcher, advertising manager,
and product manager), accounting services (e.g., corporate accountant, public accountant, and
budget analyst), and information services (e.g., corporate intelligence, library services, man-
agement information systems design services).

A common complaint from employers is that college graduates come to them very focused,
when employers would prefer them to have more of a general knowledge of how business
organizations operate. This book provides some of the breadth that employers are looking
for in their new hires. Apart from the career-related reasons is a not so obvious one: Through
learning about operations and supply chains, you will have a much better understanding of the
world you live in, the global dependencies of companies and nations, some of the reasons that
companies succeed or fail, and the importance of working with others.

TABLE 1.3

Typical differences between
production of goods and
provision of services

L01.3 Explain the importance
of learning about operations
management.
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FIGURE 1.6
The three major functions of
business organizations overlap

L01.4 Identify the three major
functional areas of organiza-
tions and describe how they
interrelate.

LLead time The time between
ordering a good or service and
receiving it.
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Operations

N\ 4

Working together successfully means that all members of the organization understand not
only their own role, but they also understand the roles of others. In practice, there is signifi-
cant interfacing and collaboration among the various functional areas, involving exchange of
information and cooperative decision making. For example, although the three primary func-
tions in business organizations perform different activities, many of their decisions impact the
other areas of the organization. Consequently, these functions have numerous interactions, as
depicted by the overlapping circles shown in Figure 1.6.

Finance and operations management personnel cooperate by exchanging information and
expertise in such activities as the following:

1. Budgeting. Budgets must be periodically prepared to plan financial requirements.
Budgets must sometimes be adjusted, and performance relative to a budget must be
evaluated.

2. Economic analysis of investment proposals. Evaluation of alternative investments in
plant and equipment requires inputs from both operations and finance people.

3. Provision of funds. The necessary funding of operations and the amount and timing of
funding can be important and even critical when funds are tight. Careful planning can
help avoid cash-flow problems.

Marketing’s focus is on selling and/or promoting the goods or services of an organization.
Marketing is also responsible for assessing customer wants and needs, and for communicat-
ing those to operations people (short term) and to design people (long term). That is, opera-
tions needs information about demand over the short to intermediate term so that it can plan
accordingly (e.g., purchase materials or schedule work), while design people need informa-
tion that relates to improving current products and services and designing new ones. Market-
ing, design, and production must work closely together to successfully implement design
changes and to develop and produce new products. Marketing can provide valuable insight
on what competitors are doing. Marketing also can supply information on consumer prefer-
ences so that design will know the kinds of products and features needed; operations can
supply information about capacities and judge the manufacturability of designs. Operations
will also have advance warning if new equipment or skills will be needed for new products or
services. Finance people should be included in these exchanges in order to provide informa-
tion on what funds might be available (short term) and to learn what funds might be needed
for new products or services (intermediate to long term). One important piece of information
marketing needs from operations is the manufacturing or service lead time in order to give
customers realistic estimates of how long it will take to fill their orders.

Thus, marketing, operations, and finance must interface on product and process design,
forecasting, setting realistic schedules, quality and quantity decisions, and keeping each other
informed on the other’s strengths and weaknesses.

People in every area of business need to appreciate the importance of managing and coor-
dinating operations decisions that affect the supply chain and the matching of supply and
demand, and how those decisions impact other functions in an organization.



Chapter One Introduction to Operations Management 11

FIGURE 1.7
Operations interfaces with a
number of supporting functions

Public
relations

Operations

Personnel/
Human
resources

Operations also interacts with other functional areas of the organization, including legal,
management information systems (MIS), accounting, personnel/human resources, and public
relations, as depicted in Figure 1.7.

The legal department must be consulted on contracts with employees, customers, suppli-
ers, and transporters, as well as on liability and environmental issues.

Accounting supplies information to management on costs of labor, materials, and over-
head, and may provide reports on items such as scrap, downtime, and inventories.

Management information systems (MIS) is concerned with providing management with the
information it needs to effectively manage. This occurs mainly through designing systems to
capture relevant information and designing reports. MIS is also important for managing the
control and decision-making tools used in operations management.

The personnel or human resources department is concerned with recruitment and training
of personnel, labor relations, contract negotiations, wage and salary administration, assisting
in manpower projections, and ensuring the health and safety of employees.

Public relations has responsibility for building and maintaining a positive public image of
the organization. Good public relations provides many potential benefits. An obvious one is
in the marketplace. Other potential benefits include public awareness of the organization as a
good place to work (labor supply), improved chances of approval of zoning change requests,
community acceptance of expansion plans, and instilling a positive attitude among employees.

1.4 CAREER OPPORTUNITIES AND
PROFESSIONAL SOCIETIES

There are many career opportunities in the operations management and supply chain fields.
Among the numerous job titles are operations manager, production analyst, production man-
ager, inventory manager, purchasing manager, schedule coordinator, distribution manager,
supply chain manager, quality analyst, and quality manager. Other titles include office man-
ager, store manager, and service manager.

People who work in the operations field should have a skill set that includes both peo-
ple skills and knowledge skills. People skills include political awareness; mentoring abil-
ity; and collaboration, negotiation, and communication skills. Knowledge skills, necessary
for credibility and good decision making, include product and/or service knowledge, process
knowledge, industry and global knowledge, financial and accounting skills, and project man-
agement skills. See Table 1.4.

If you are thinking of a career in operations management, you can benefit by joining one or
more of the professional societies.
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TABLE 1.4

Sample operations management

job descriptions

Chapter One

Production Supervisor Supply Chain Manager

Introduction to Operations Management

Social Media Product

Manage a production staff
of 10-20.

Ensure the department
meets daily goals through
the management of

Have a general knowledge
of materials management,
information systems, and
basic statistics.

Direct, monitor, evaluate,

Manager

Identify ways to increase consumer
engagement.

Analyze the key performance indica-
tors and recommend improvements.
Lead cross-functional teams to

productivity.
Enforce safety policies.
Coordinate work between °

and motivate employee
performance. °
Be knowledgeable about

define product specifications.
Collaborate with design and
technical to create key product

departments. shipping regulations. improvements.
e Have good problem-solving e Manage budgetary accounts e Develop requirements for new
skills, and good written and e Manage projects. Web site enhancements.

oral communication skills. e Monitor the competition to identify

need for changes.

APICS, the Association for Operations Management
8430 West Bryn Mawr Avenue, Suite 1000, Chicago, Illinois 60631 www.apics.org

American Society for Quality (ASQ)
230 West Wells Street, Milwaukee, Wisconsin 53203 www.asq.org

Institute for Supply Management (ISM)
2055 East Centennial Circle, Tempe, Arizona 85284 www.ism.ws

Institute for Operations Research and the Management Sciences (INFORMS)
901 Elkridge Landing Road, Linthicum, Maryland 21090-2909 www.informs.org

The Production and Operations Management Society (POMS)
College of Engineering, Florida International University, EAS 2460,
10555 West Flagler Street, Miami, Florida 33174 www.poms.org

The Project Management Institute (PMI)
4 Campus Boulevard, Newtown Square, Pennsylvania 19073-3299 www.pmi.org

Council of Supply Chain Management Professionals (CSCMP)
333 East Butterfield Road, Suite 140, Lombard, Illinois 60148 http//cscmp.org

APICS, ASQ, ISM, and other professional societies offer a practitioner certification
examination that can enhance your qualifications. Information about job opportunities can
be obtained from all of these societies as well as from other sources, such as the Decision
Sciences Institute (University Plaza, Atlanta, Georgia 30303) and the Institute of Industrial
Engineers (25 Technology Park, Norcross, Georgia 30092).

1.5 PROCESS MANAGEMENT

A key aspect of operations management is process management. A process consists of one or
more actions that transform inputs into outputs. In essence, the central role of all management
is process management.

Businesses are composed of many interrelated processes. Generally speaking, there are
three categories of business processes:

Process One or more actions
that transform inputs into
outputs.

1. Upper-management processes. These govern the operation of the entire organization.
Examples include organizational governance and organizational strategy.

2. Operational processes. These are the core processes that make up the value stream.
Examples include purchasing, production and/or service, marketing, and sales.

3. Supporting processes. These support the core processes. Examples include accounting,
human resources, and IT (information technology).
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A business

. organization, a
Suppl Cust
coviers) I qopoeman s, ustomer(s)

individual operation

Input(s) from one Transformation Output(s) to one or
or more suppliers more customers

Business processes, large and small, are composed of a series of supplier—customer rela-
tionships, where every business organization, every department, and every individual opera-
tion is both a customer of the previous step in the process and a supplier to the next step in the
process. Figure 1.8 illustrates this concept.

A major process can consist of many subprocesses, each having its own goals that con-
tribute to the goals of the overall process. Business organizations and supply chains have
many such processes and subprocesses, and they benefit greatly when management is using a
process perspective. Business process management (BPM) activities include process design,
process execution, and process monitoring. Two basic aspects of this for operations and sup-
ply chain management are managing processes to meet demand and dealing with process
variability.

Managing a Process to Meet Demand

Ideally, the capacity of a process will be such that its output just matches demand. Excess
capacity is wasteful and costly; too little capacity means dissatisfied customers and lost rev-
enue. Having the right capacity requires having accurate forecasts of demand, the ability
to translate forecasts into capacity requirements, and a process in place capable of meeting
expected demand. Even so, process variation and demand variability can make the achieve-
ment of a match between process output and demand difficult. Therefore, to be effective, it is
also necessary for managers to be able to deal with variation.

Process Variation

Variation occurs in all business processes. It can be due to variety or variability. For example,
random variability is inherent in every process; it is always present. In addition, variation can
occur as the result of deliberate management choices to offer customers variety.

There are four basic sources of variation:

1. The variety of goods or services being offered. The greater the variety of goods and
services, the greater the variation in production or service requirements.

2. Structural variation in demand. These variations, which include trends and sea-
sonal variations, are generally predictable. They are particularly important for capacity
planning.

3.  Random variation. This natural variability is present to some extent in all processes,
as well as in demand for services and products, and it cannot generally be influenced by
managers.

4. Assignable variation. These variations are caused by defective inputs, incorrect work
methods, out-of-adjustment equipment, and so on. This type of variation can be reduced
or eliminated by analysis and corrective action.

Variations can be disruptive to operations and supply chain processes, interfering with
optimal functioning. Variations result in additional cost, delays and shortages, poor quality,
and inefficient work systems. Poor quality and product shortages or service delays can lead
to dissatisfied customers and can damage an organization’s reputation and image. It is not
surprising, then, that the ability to deal with variability is absolutely necessary for managers.

Throughout this book, you will learn about some of the tools managers use to deal with
variation. An important aspect of being able to deal with variation is to use metrics to describe
it. Two widely used metrics are the mean (average) and the standard deviation. The stan-
dard deviation quantifies variation around the mean. The mean and standard deviation are
used throughout this book in conjunction with variation. So, too, is the normal distribution.

FIGURE 1.8

Business processes form a
sequence of suppliers and
customers

L01.5 Summarize the two
major aspects of process
management.
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L01.6 Describe the operations
function and the nature of the
operations manager’s job.

Scheduling planes, cargo,
and flight and ground crews
is an operations function for
an airline.

Chapter One Introduction to Operations Management

Because you will come across many examples of how the normal distribution is used, you
may find the overview on working with the normal distribution in the appendix at the end of
the book helpful.

1.6 THE SCOPE OF OPERATIONS
MANAGEMENT

The scope of operations management ranges across the organization. Operations management
people are involved in product and service design, process selection, selection and manage-
ment of technology, design of work systems, location planning, facilities planning, and qual-
ity improvement of the organization’s products or services.

The operations function includes many interrelated activities, such as forecasting, capacity
planning, scheduling, managing inventories, assuring quality, motivating employees, deciding
where to locate facilities, and more.

We can use an airline company to illustrate a service organization’s operations system.
The system consists of the airplanes, airport facilities, and maintenance facilities, sometimes
spread out over a wide territory. The activities include:

Forecasting such things as weather and landing conditions, seat demand for flights, and
the growth in air travel.

Capacity planning, essential for the airline to maintain cash flow and make a reasonable
profit. (Too few or too many planes, or even the right number of planes but in the wrong
places, will hurt profits.)

Locating facilities according to managers’ decisions on which cities to provide ser-

vice for, where to locate maintenance facilities, and where to locate major and minor
hubs.

Facilities and layout, important in achieving effective use of workers and equipment.
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Scheduling of planes for flights and for routine maintenance; scheduling of pilots and
flight attendants; and scheduling of ground crews, counter staff, and baggage handlers.

Managing inventories of such items as foods and beverages, first-aid equipment, in-
flight magazines, pillows and blankets, and life preservers.

Assuring quality, essential in flying and maintenance operations, where the emphasis is
on safety, and important in dealing with customers at ticket counters, check-in, telephone
and electronic reservations, and curb service, where the emphasis is on efficiency and
courtesy.

Motivating and training employees in all phases of operations.

Managing the Supply Chain to Achieve
Schedule, Cost, and Quality Goals

Now consider a bicycle factory. This might be primarily an assembly operation: buying com-
ponents such as frames, tires, wheels, gears, and other items from suppliers, and then assem-
bling bicycles. The factory also might do some of the fabrication work itself, forming frames,
making the gears and chains, and it might buy mainly raw materials and a few parts and
materials such as paint, nuts and bolts, and tires. Among the key management tasks in either
case are scheduling production, deciding which components to make and which to buy, order-
ing parts and materials, deciding on the style of bicycle to produce and how many, purchasing
new equipment to replace old or worn-out equipment, maintaining equipment, motivating
workers, and ensuring that quality standards are met.

Obviously, an airline company and a bicycle factory are completely different types of
operations. One is primarily a service operation, the other a producer of goods. Nonetheless,
these two operations have much in common. Both involve scheduling activities, motivating
employees, ordering and managing supplies, selecting and maintaining equipment, satisfying
quality standards, and—above all—satisfying customers. And in both businesses, the success
of the business depends on short- and long-term planning.

A primary function of an operations manager is to guide the system by decision mak-
ing. Certain decisions affect the design of the system, and others affect the operation of
the system.

15

A worker is making the bottom
bracket lug for a Trek OCLV
carbon road bike at Trek
Bicycle Company in Waterloo,
Wisconsin, world headquarters
for Trek. Trek is a world
leader in bicycle products

and accessories, with 1,500
employees worldwide. Designers
and engineers incorporate

the most advanced technology
into Trek products, resulting

in award-winning bikes and
components.
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System design involves decisions that relate to system capacity, the geographic loca-
tion of facilities, arrangement of departments and placement of equipment within physical
structures, product and service planning, and acquisition of equipment. These decisions
usually, but not always, require long-term commitments. Moreover, they are typically
strategic decisions. System operation involves management of personnel, inventory plan-
ning and control, scheduling, project management, and quality assurance. These are
generally factical and operational decisions. Feedback on these decisions involves mea-
surement and control. In many instances, the operations manager is more involved in
day-to-day operating decisions than with decisions relating to system design. However,
the operations manager has a vital stake in system design because system design essen-
tially determines many of the parameters of system operation. For example, costs, space,
capacities, and quality are directly affected by design decisions. Even though the opera-
tions manager is not responsible for making all design decisions, he or she can provide
those decision makers with a wide range of information that will have a bearing on
their decisions.

A number of other areas are part of, or support, the operations function. They include pur-
chasing, industrial engineering, distribution, and maintenance.

Purchasing has responsibility for procurement of materials, supplies, and equipment.
Close contact with operations is necessary to ensure correct quantities and timing of
purchases. The purchasing department is often called on to evaluate vendors for quality,
reliability, service, price, and ability to adjust to changing demand. Purchasing is also
involved in receiving and inspecting the purchased goods.

Industrial engineering is often concerned with scheduling, performance standards,
work methods, quality control, and material handling.

Distribution involves the shipping of goods to warehouses, retail outlets, or final
customers.

Maintenance is responsible for general upkeep and repair of equipment, buildings and
grounds, heating and air-conditioning; removing toxic wastes; parking; and perhaps
security.

The operations manager is the key figure in the system: He or she has the ultimate responsibil-
ity for the creation of goods or provision of services.

The kinds of jobs that operations managers oversee vary tremendously from organization
to organization largely because of the different products or services involved. Thus, manag-
ing a banking operation obviously requires a different kind of expertise than managing a
steelmaking operation. However, in a very important respect, the jobs are the same: They are
both essentially managerial. The same thing can be said for the job of any operations manager
regardless of the kinds of goods or services being created.

The service sector and the manufacturing sector are both important to the economy. The
service sector now accounts for more than 70 percent of jobs in the United States, and it is
growing in other countries as well. Moreover, the number of people working in services is
increasing, while the number of people working in manufacturing is not. The reason for the
decline in manufacturing jobs is twofold: As the operations function in manufacturing com-
panies finds more productive ways of producing goods, the companies are able to maintain
or even increase their output using fewer workers. Furthermore, some manufacturing work
has been outsourced to more productive companies, many in other countries, that are able to
produce goods at lower costs. Outsourcing and productivity will be discussed in more detail
in this and other chapters.

Many of the concepts presented in this book apply equally to manufacturing and service.
Consequently, whether your interest at this time is on manufacturing or on service, these con-
cepts will be important, regardless of whether a manufacturing example or service example is
used to illustrate the concept.

The reading on page 17 gives another reason for the importance of manufacturing jobs.



Why Manufacturing Matters READING

The U.S. economy is becoming more and more service-based. The per-
centage of employment in manufacturing continues to decrease while
the percentage employed in services continues to increase. However, it
would be unwise to assume that manufacturing isn’'t important to the
economy, or that service is more important. Let’s see why.

Not only is the percentage of manufacturing jobs decreasing, but
the actual number of manufacturing jobs is also decreasing. There
are two main reasons for the decline: increases in productivity, which
means fewer workers are needed to maintain manufacturing output;
and outsourcing, especially to countries that have much lower wages,
an attractive option for companies seeking to maintain their competi-
tiveness and boost their bottom lines.

However, when companies outsource part (or in some cases, all) of
their manufacturing to lower-cost countries, the loss of jobs results in
the loss of service jobs as well. Some are lost in the community in retail
businesses patronized by the manufacturing workers. Also included in
that figure are factory service workers (e.g., workers who do machine
repairs, maintenance, material handling, packaging, and so on). General
estimates are that four service jobs are lost for each manufacturing
job lost.

As the manufacturing base shrinks, workers who lose their manu-
facturing job are finding it tougher to find another opening in manufac-
turing. Instead they join the ranks of the unemployed, or take a service
job, usually at a lower wage rate than what manufacturing paid.

From a national perspective, not only is work
transferred to a foreign country, intellectual knowl-
edge is transferred. Moreover, as time passes, the
domestic base of manufacturing skills and know-how is lost.

There are important consequences for taxes as well. Unemploy-
ment benefits are costly, and the erosion of federal, state, and local
tax bases results in lower tax revenues collected from individuals and
from corporations.

Lastly, manufacturing is an important source of innovation. It is
responsible for 70 percent of private-sector R&D and 90 percent of U.S.
patents (Rana Foroohar, “Go Glocal,” Time, August 20, 2012, p. 30). Much
of the work in getting a product ready for volume production is high-value-
added knowledge work that supports future innovation. And innovation
generates jobs. “Intel has invested tens of billions of dollars in its facto-
ries in Oregon, Arizona, and New Mexico so that they are able to produce
the most advanced semiconductors” (Willy Shih and Gary Pisano,“Why
Manufacturing Matters for America,” Special to CNN, Sept. 21, 2012).

Questions

1. How important is the loss of manufacturing jobs to the nation?

2. Can you suggest some actions the government (federal, state, or
local) can take to stem the job loss?

3. What evidence is there of the importance of manufacturing
innovation?

1.7 OPERATIONS MANAGEMENT
AND DECISION MAKING

The chief role of an operations manager is that of planner/decision maker. In this capacity,
the operations manager exerts considerable influence over the degree to which the goals and
objectives of the organization are realized. Most decisions involve many possible alternatives
that can have quite different impacts on costs or profits. Consequently, it is important to make
informed decisions.

Operations management professionals make a number of key decisions that affect the
entire organization. These include the following:

L01.7 Explain the key aspects
of operations management
decision making.

What: What resources will be needed, and in what amounts?

When: When will each resource be needed? When should the work be scheduled? When
should materials and other supplies be ordered? When is corrective action needed?
Where: Where will the work be done?

How: How will the product or service be designed? How will the work be done (organi-
zation, methods, equipment)? How will resources be allocated?

Who: Who will do the work?
An operations manager’s daily concerns include costs (budget), quality, and schedules (time).
Throughout this book, you will encounter the broad range of decisions that operations

managers must make, and you will be introduced to the tools necessary to handle those deci-
sions. This section describes general approaches to decision making, including the use of
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Model An abstraction of reality;
a simplified representation of
something.
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models, quantitative methods, analysis of trade-offs, establishing priorities, ethics, and the
systems approach. Models are often a key tool used by all decision makers.

Models

A model is an abstraction of reality, a simplified representation of something. For example,
a child’s toy car is a model of a real automobile. It has many of the same visual features
(shape, relative proportions, wheels) that make it suitable for the child’s learning and play-
ing. But the toy does not have a real engine, it cannot transport people, and it does not weigh
2,000 pounds.

Other examples of models include automobile test tracks and crash tests; formulas,
graphs and charts; balance sheets and income statements; and financial ratios. Common
statistical models include descriptive statistics such as the mean, median, mode, range, and
standard deviation, as well as random sampling, the normal distribution, and regression
equations.

Models are sometimes classified as physical, schematic, or mathematical:

Physical models look like their real-life counterparts. Examples include miniature cars,
trucks, airplanes, toy animals and trains, and scale-model buildings. The advantage of
these models is their visual correspondence with reality.

Schematic models are more abstract than their physical counterparts; that is, they have
less resemblance to the physical reality. Examples include graphs and charts, blue-
prints, pictures, and drawings. The advantage of schematic models is that they are often
relatively simple to construct and change. Moreover, they have some degree of visual
correspondence.

Mathematical models are the most abstract: They do not look at all like their real-life
counterparts. Examples include numbers, formulas, and symbols. These models are
usually the easiest to manipulate, and they are important forms of inputs for computers
and calculators.

The variety of models in use is enormous. Nonetheless, all have certain common features:
They are all decision-making aids and simplifications of more complex real-life phenomena.
Real life involves an overwhelming amount of detail, much of which is irrelevant for any par-
ticular problem. Models omit unimportant details so that attention can be concentrated on the
most important aspects of a situation.

Because models play a significant role in operations management decision making, they
are heavily integrated into the material of this text. For each model, try to learn (1) its pur-
pose, (2) how it is used to generate results, (3) how these results are interpreted and used, and
(4) what assumptions and limitations apply.

The last point is particularly important because virtually every model has an associated
set of assumptions or conditions under which the model is valid. Failure to satisfy all of the
assumptions will make the results suspect. Attempts to apply the results to a problem under
such circumstances can lead to disastrous consequences.

Managers use models in a variety of ways and for a variety of reasons. Models are benefi-
cial because they

1. Are generally easy to use and less expensive than dealing directly with the actual
situation.

2. Require users to organize and sometimes quantify information and, in the process, often
indicate areas where additional information is needed.

3. Increase understanding of the problem.
Enable managers to analyze what-if questions.

5. Serve as a consistent tool for evaluation and provide a standardized format for analyzing
a problem.

6. Enable users to bring the power of mathematics to bear on a problem.
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This impressive list of benefits notwithstanding, models have certain limitations of which
you should be aware. The following are three of the more important limitations:

Quantitative information may be emphasized at the expense of qualitative information.

2. Models may be incorrectly applied and the results misinterpreted. The widespread use
of computerized models adds to this risk because highly sophisticated models may be
placed in the hands of users who are not sufficiently knowledgeable to appreciate the
subtleties of a particular model; thus, they are unable to fully comprehend the circum-
stances under which the model can be successfully employed.

3. The use of models does not guarantee good decisions.

Quantitative Approaches

Quantitative approaches to problem solving often embody an attempt to obtain mathemati-
cally optimal solutions to managerial problems. Linear programming and related math-
ematical techniques are widely used for optimum allocation of scarce resources. Queuing
techniques are useful for analyzing situations in which waiting lines form. Inventory models
are widely used to control inventories. Project models such as PERT (program evaluation
and review technique) and CPM (critical path method) are useful for planning, coordinating,
and controlling large-scale projects. Forecasting techniques are widely used in planning and
scheduling. Statistical models are currently used in many areas of decision making.

In large measure, quantitative approaches to decision making in operations management
(and in other functional business areas) have been accepted because of calculators and com-
puters capable of handling the required calculations. Computers have had a major impact on
operations management. Moreover, the growing availability of software packages for quanti-
tative techniques has greatly increased management’s use of those techniques.

Although quantitative approaches are widely used in operations management decision
making, it is important to note that managers typically use a combination of qualitative and
quantitative approaches, and many important decisions are based on qualitative approaches.

Performance Metrics

All managers use metrics to manage and control operations. There are many metrics in use,
including those related to profits, costs, quality, productivity, flexibility, assets, inventories,
schedules, and forecast accuracy. As you read each chapter, note the metrics being used and
how they are applied to manage operations.

Analysis of Trade-Offs

Operations personnel frequently encounter decisions that can be described as trade-off deci-
sions. For example, in deciding on the amount of inventory to stock, the decision maker must
take into account the trade-off between the increased level of customer service that the addi-
tional inventory would yield and the increased costs required to stock that inventory.

Throughout this book you will be presented with decision models that reflect these kinds
of trade-offs. Decision makers sometimes deal with these decisions by listing the advantages
and disadvantages—the pros and cons—of a course of action to better understand the conse-
quences of the decisions they must make. In some instances, decision makers add weights to
the items on their list that reflect the relative importance of various factors. This can help them
“net out” the potential impacts of the trade-offs on their decision.

Degree of Customization

A major influence on the entire organization is the degree of customization of products or ser-
vices being offered to its customers. Providing highly customized products or services such as
home remodeling, plastic surgery, and legal counseling tends to be more labor intensive than
providing standardized products such as those you would buy “off the shelf” at a mall store



Analytics uses descriptive and predictive models to obtain insight from  operate transactional online systems that gener-
data and then uses that insight to recommend action or to guide deci- ate massive volumes of data. For example, the

sion making.

McKinsey Global Institute estimates that the U.S.

Commercial analytics software is available for the challenges of health care system could save $300 billion from analyzing big data.’

analyzing very large, dynamic data sets, referred to as big data. Analyz-

1“Big Data: The next frontier for innovation, competition and productivity as

ing big data presents opportunities for businesses such as those that  reported in Building with Big Data” The Economist, May 26, 2011.

System A set of interrelated
parts that must work together.

Pareto phenomenon A few
factors account for a high per-
centage of the occurrence of
some event(s).
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or a supermarket or standardized services such as public utilities and Internet services. Fur-
thermore, production of customized products or provision of customized services is generally
more time consuming, requires more highly skilled people, and involves more flexible equip-
ment than what is needed for standardized products or services. Customized processes tend
to have a much lower volume of output than standardized processes, and customized output
carries a higher price tag. The degree of customization has important implications for process
selection and job requirements. The impact goes beyond operations and supply chains. It
affects marketing, sales, accounting, finance, and information systems.

A Systems Approach

A systems viewpoint is almost always beneficial in decision making. Think of it as a “big pic-
ture” view. A system can be defined as a set of interrelated parts that must work together. In a
business organization, the organization can be thought of as a system composed of subsystems
(e.g., marketing subsystem, operations subsystem, finance subsystem), which in turn are com-
posed of lower subsystems. The systems approach emphasizes interrelationships among sub-
systems, but its main theme is that the whole is greater than the sum of its individual parts.
Hence, from a systems viewpoint, the output and objectives of the organization as a whole
take precedence over those of any one subsystem. An alternative approach is to concentrate
on efficiency within subsystems and thereby achieve overall efficiency. But that approach
overlooks the facts that organizations must operate in an environment of scarce resources and
that subsystems are often in direct competition for those scarce resources, so that an orderly
approach to the allocation of resources is called for.

A systems approach is essential whenever something is being designed, redesigned, imple-
mented, improved, or otherwise changed. It is important to take into account the impact on all
parts of the system. For example, if the upcoming model of an automobile will add antilock
brakes, a designer must take into account how customers will view the change, instructions
for using the brakes, chances for misuse, the cost of producing the new brakes, installation
procedures, recycling worn-out brakes, and repair procedures. In addition, workers will need
training to make and/or assemble the brakes, production scheduling may change, inventory
procedures may have to change, quality standards will have to be established, advertising
must be informed of the new features, and parts suppliers must be selected.

Establishing Priorities

In virtually every situation, managers discover that certain issues or items are more important
than others. Recognizing this enables the managers to direct their efforts to where they will
do the most good.

Typically, a relatively few issues or items are very important, so that dealing with those
factors will generally have a disproportionately large impact on the results achieved. This
well-known effect is referred to as the Pareto phenomenon. This is one of the most impor-
tant and pervasive concepts in operations management. In fact, this concept can be applied
at all levels of management and to every aspect of decision making, both professional
and personal.
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1.8 THE HISTORICAL EVOLUTION OF
OPERATIONS MANAGEMENT

Systems for production have existed since ancient times. For example, the construction of
pyramids and Roman aquaducts involved operations management skills. The production of
goods for sale, at least in the modern sense, and the modern factory system had their roots in
the Industrial Revolution.

The Industrial Revolution

The Industrial Revolution began in the 1770s in England and spread to the rest of Europe and
to the United States during the 19th century. Prior to that time, goods were produced in small
shops by craftsmen and their apprentices. Under that system, it was common for one person
to be responsible for making a product, such as a horse-drawn wagon or a piece of furniture,
from start to finish. Only simple tools were available; the machines in use today had not
been invented.

Then, a number of innovations in the 18th century changed the face of production forever
by substituting machine power for human power. Perhaps the most significant of these was
the steam engine, because it provided a source of power to operate machines in factories.
Ample supplies of coal and iron ore provided materials for generating power and making
machinery. The new machines, made of iron, were much stronger and more durable than the
simple wooden machines they replaced.

In the earliest days of manufacturing, goods were produced using craft production:
highly skilled workers using simple, flexible tools produced goods according to customer
specifications.

Craft production had major shortcomings. Because products were made by skilled crafts-
men who custom-fitted parts, production was slow and costly. And when parts failed, the
replacements also had to be custom made, which was also slow and costly. Another shortcom-
ing was that production costs did not decrease as volume increased; there were no economies
of scale, which would have provided a major incentive for companies to expand. Instead,
many small companies emerged, each with its own set of standards.

A major change occurred that gave the Industrial Revolution a boost: the development of
standard gauging systems. This greatly reduced the need for custom-made goods. Factories
began to spring up and grow rapidly, providing jobs for countless people who were attracted
in large numbers from rural areas.

Despite the major changes that were taking place, management theory and practice had not
progressed much from early days. What was needed was an enlightened and more systematic
approach to management.

Scientific Management

The scientific management era brought widespread changes to the management of factories.
The movement was spearheaded by the efficiency engineer and inventor Frederick Winslow
Taylor, who is often referred to as the father of scientific management. Taylor believed in a
“science of management” based on observation, measurement, analysis and improvement of
work methods, and economic incentives. He studied work methods in great detail to identify
the best method for doing each job. Taylor also believed that management should be respon-
sible for planning, carefully selecting and training workers, finding the best way to perform
each job, achieving cooperation between management and workers, and separating manage-
ment activities from work activities.

Taylor’s methods emphasized maximizing output. They were not always popular with
workers, who sometimes thought the methods were used to unfairly increase output without
a corresponding increase in compensation. Certainly some companies did abuse workers in
their quest for efficiency. Eventually, the public outcry reached the halls of Congress, and
hearings were held on the matter. Taylor himself was called to testify in 1911, the same year

21

L01.8 Briefly describe
the historical evolution of
operations management.

Craft production System in
which highly skilled workers use
simple, flexible tools to produce
small quantities of customized
goods.



22

Mass production System in
which low-skilled workers use
specialized machinery to pro-
duce high volumes of standard-
ized goods.

Interchangeable parts Parts
of a product made to such preci-
sion that they do not have to be
custom fitted.

Row of “Tin Lizzies,” or Model
T’s, being manufactured on an
early Ford assembly line.
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in which his classic book, The Principles of Scientific Management, was published. The pub-
licity from those hearings actually helped scientific management principles to achieve wide
acceptance in industry.

A number of other pioneers also contributed heavily to this movement, including the
following:

Frank Gilbreth was an industrial engineer who is often referred to as the father of motion
study. He developed principles of motion economy that could be applied to incredibly
small portions of a task.

Henry Gantt recognized the value of nonmonetary rewards to motivate workers, and
developed a widely used system for scheduling, called Gantt charts.

Harrington Emerson applied Taylor’s ideas to organization structure and encouraged
the use of experts to improve organizational efficiency. He testified in a congressional
hearing that railroads could save a million dollars a day by applying principles of scien-
tific management.

Henry Ford, the great industrialist, employed scientific management techniques in his
factories.

During the early part of the 20th century, automobiles were just coming into vogue in the
United States. Ford’s Model T was such a success that the company had trouble keeping up
with orders for the cars. In an effort to improve the efficiency of operations, Ford adopted the
scientific management principles espoused by Frederick Winslow Taylor. He also introduced
the moving assembly line, which had a tremendous impact on production methods in many
industries.

Among Ford’s many contributions was the introduction of mass production to the auto-
motive industry, a system of production in which large volumes of standardized goods are
produced by low-skilled or semiskilled workers using highly specialized, and often costly,
equipment. Ford was able to do this by taking advantage of a number of important concepts.
Perhaps the key concept that launched mass production was interchangeable parts, some-
times attributed to Eli Whitney, an American inventor who applied the concept to assembling
muskets in the late 1700s. The basis for interchangeable parts was to standardize parts so
that any part in a batch of parts would fit any automobile coming down the assembly line.
This meant that parts did not have to be custom fitted, as they were in craft production. The
standardized parts could also be used for replacement parts. The result was a tremendous

n Assembly Line
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decrease in assembly time and cost. Ford accomplished this by standardizing the gauges used
to measure parts during production and by using newly developed processes to produce uni-
form parts.

A second concept used by Ford was the division of labor, which Adam Smith wrote about
in The Wealth of Nations (1776). Division of labor means that an operation, such as assem-
bling an automobile, is divided up into a series of many small tasks, and individual workers
are assigned to one of those tasks. Unlike craft production, where each worker was respon-
sible for doing many tasks, and thus required skill, with division of labor the tasks were so
narrow that virtually no skill was required.

Together, these concepts enabled Ford to tremendously increase the production rate at his
factories using readily available inexpensive labor. Both Taylor and Ford were despised by
many workers, because they held workers in such low regard, expecting them to perform like
robots. This paved the way for the human relations movement.

The Human Relations Movement

Whereas the scientific management movement heavily emphasized the technical aspects of
work design, the human relations movement emphasized the importance of the human ele-
ment in job design. Lillian Gilbreth, a psychologist and the wife of Frank Gilbreth, worked
with her husband, focusing on the human factor in work. (The Gilbreths were the subject of
a classic film, Cheaper by the Dozen.) Many of her studies dealt with worker fatigue. In the
following decades, there was much emphasis on motivation. Elton Mayo conducted studies
at the Hawthorne division of Western Electric. His studies revealed that in addition to the
physical and technical aspects of work, worker motivation is critical for improving productiv-
ity. Abraham Maslow developed motivational theories, which Frederick Hertzberg refined.
Douglas McGregor added Theory X and Theory Y. These theories represented the two ends
of the spectrum of how employees view work. Theory X, on the negative end, assumed that
workers do not like to work, and have to be controlled—rewarded and punished—to get them
to do good work. This attitude was quite common in the automobile industry and in some
other industries, until the threat of global competition forced them to rethink that approach.
Theory Y, on the other end of the spectrum, assumed that workers enjoy the physical and
mental aspects of work and become committed to work. The Theory X approach resulted in
an adversarial environment, whereas the Theory Y approach resulted in empowered workers
and a more cooperative spirit. William Ouchi added Theory Z, which combined the Japanese
approach with such features as lifetime employment, employee problem solving, and con-
sensus building, and the traditional Western approach that features short-term employment,
specialists, and individual decision making and responsibility.

Decision Models and Management Science

The factory movement was accompanied by the development of several quantitative tech-
niques. F. W. Harris developed one of the first models in 1915: a mathematical model for
inventory order size. In the 1930s, three coworkers at Bell Telephone Labs, H. F. Dodge, H.
G. Romig, and W. Shewhart, developed statistical procedures for sampling and quality con-
trol. In 1935, L.H.C. Tippett conducted studies that provided the groundwork for statistical-
sampling theory.

At first, these quantitative models were not widely used in industry. However, the onset
of World War II changed that. The war generated tremendous pressures on manufacturing
output, and specialists from many disciplines combined efforts to achieve advancements in
the military and in manufacturing. After the war, efforts to develop and refine quantitative
tools for decision making continued, resulting in decision models for forecasting, inventory
management, project management, and other areas of operations management.

During the 1960s and 1970s, management science techniques were highly regarded; in
the 1980s, they lost some favor. However, the widespread use of personal computers and
user-friendly software in the workplace contributed to a resurgence in the popularity of
these techniques.
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TABLE 1.5

Historical summary of operations

management

Chapter One Introduction to Operations Management
Approximate Date Contribution/Concept Originator
1776 Division of labor Adam Smith
1790 Interchangeable parts Eli Whitney
1911 Principles of scientific management Frederick W. Taylor
1911 Motion study, use of industrial psychology Frank and Lillian Gilbreth
1912 Chart for scheduling activities Henry Gantt
1913 Moving assembly line Henry Ford
1915 Mathematical model for inventory ordering F. W. Harris
1930 Hawthorne studies on worker motivation Elton Mayo
1935 Statistical procedures for sampling and H. F. Dodge, H. G. Romig,
quality control W. Shewhart, L.H.C. Tippett
1940 Operations research applications in warfare Operations research groups
1947 Linear programming George Dantzig
1951 Commercial digital computers Sperry Univac, IBM
1950s Automation Numerous
1960s Extensive development of quantitative tools Numerous
1960s Industrial dynamics Jay Forrester
1975 Emphasis an manufacturing strategy W. Skinner
1980s Emphasis on flexibility, time-based competition, T. Ohno, S. Shingo, Toyota
lean production
1980s Emphasis on quality W. Edwards Deming, J. Juran,
K. Ishikawa
1990s Internet, supply chain management Numerous
2000s Applications service providers and outsourcing ~ Numerous
Social media, YouTube, and others. Numerous

The Influence of Japanese Manufacturers

E-business Use of the Internet

to transact business.

E-commerce Consumer-to-
business transactions.

A number of Japanese manufacturers developed or refined management practices that increased
the productivity of their operations and the quality of their products, due in part to the influence
of Americans W. Edwards Deming and Joseph Juran. This made them very competitive, spark-
ing interest in their approaches by companies outside Japan. Their approaches emphasized
quality and continual improvement, worker teams and empowerment, and achieving customer
satisfaction. The Japanese can be credited with spawning the “quality revolution” that occurred
in industrialized countries, and with generating widespread interest in lean production.

The influence of the Japanese on U.S. manufacturing and service companies has been
enormous and promises to continue for the foreseeable future. Because of that influence, this
book will provide considerable information about Japanese methods and successes.

Table 1.5 provides a chronological summary of some of the key developments in the evolu-
tion of operations management.

1.9 OPERATIONS TODAY

Advances in information technology and global competition have had a major influence on
operations management. While the Internet offers great potential for business organizations,
the potential as well as the risks must be clearly understood in order to determine if and how
to exploit this potential. In many cases, the Internet has altered the way companies compete
in the marketplace.

Electronic business, or e-business, involves the use of the Internet to transact business.
E-business is changing the way business organizations interact with their customers and their
suppliers. Most familiar to the general public is e-commerce, consumer—business transac-
tions such as buying online or requesting information. However, business-to-business transac-
tions such as e-procurement represent an increasing share of e-business. E-business is receiving
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increased attention from business owners and managers in developing strategies, planning, and
decision making.

The word technology has several definitions, depending on the context. Generally, tech-
nology refers to the application of scientific discoveries to the development and improve-
ment of goods and services. It can involve knowledge, materials, methods, and equipment.
The term high technology refers to the most advanced and developed machines and methods.
Operations management is primarily concerned with three kinds of technology: product and
service technology, process technology, and information technology (IT). All three can have a
major impact on costs, productivity, and competitiveness.

Product and service technology refers to the discovery and development of new products
and services. This is done mainly by researchers and engineers, who use the scientific
approach to develop new knowledge and translate that into commercial applications.

Process technology refers to methods, procedures, and equipment used to produce goods
and provide services. They include not only processes within an organization but also
supply chain processes.

Information technology (IT) refers to the science and use of computers and other elec-
tronic equipment to store, process, and send information. Information technology is
heavily ingrained in today’s business operations. This includes electronic data process-
ing, the use of bar codes to identify and track goods, obtaining point-of-sale information,
data transmission, the Internet, e-commerce, e-mail, and more.

Management of technology is high on the list of major trends, and it promises to be high
well into the future. For example, computers have had a tremendous impact on businesses in
many ways, including new product and service features, process management, medical diag-
nosis, production planning and scheduling, data processing, and communication. Advances in
materials, methods, and equipment also have had an impact on competition and productivity.
Advances in information technology also have had a major impact on businesses. Obviously
there have been—and will continue to be—many benefits from technological advances. How-
ever, technological advance also places a burden on management. For example, management
must keep abreast of changes and quickly assess both their benefits and risks. Predicting
advances can be tricky at best, and new technologies often carry a high price tag and usually a
high cost to operate or repair. And in the case of computer operating systems, as new systems
are introduced, support for older versions is discontinued, making periodic upgrades neces-
sary. Conflicting technologies can exist that make technological choices even more difficult.
Technological innovations in both products and processes will continue to change the way
businesses operate, and hence require continuing attention.

The North American Free Trade Agreement (NAFTA) opened borders for trade between
the United States and Canada and Mexico. The General Agreement on Tariffs and Trade
(GATT) of 1994 reduced tariffs and subsidies in many countries, expanding world trade. The
resulting global competition and global markets have had an impact on the strategies and
operations of businesses large and small around the world. One effect is the importance busi-
ness organizations are giving to management of their supply chains.

Globalization and the need for global supply chains have broadened the scope of supply
chain management. However, tightened border security in certain instances has slowed some
movement of goods and people. Moreover, in some cases, organizations are reassessing their
use of offshore outsourcing.

Competitive pressures and changing economic conditions have caused business organiza-
tions to put more emphasis on

Operations strategy.

Working with fewer resources.

Revenue management.

Process analysis and improvement, and quality improvement.
Agility.

Lean production.
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Six sigma A process for reduc-
ing costs, improving quality, and
increasing customer satisfaction.

Agility The ability of an orga-
nization to respond quickly to
demands or opportunities.

Agility Creates a Competitive Edge READING
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During the latter part of the 1900s, many companies neglected to include operations strat-
egy in their corporate strategy. Some of them paid dearly for that neglect. Now more and more
companies are recognizing the importance of operations strategy on the overall success of
their business as well as the necessity for relating it to their overall business strategy.

Working with fewer resources due to layoffs, corporate downsizing, and general cost cut-
ting is forcing managers to make trade-off decisions on resource allocation, and to place
increased emphasis on cost control and productivity improvement.

Revenue management is a method used by some companies to maximize the revenue they
receive from fixed operating capacity by influencing demand through price manipulation.
Also known as yield management, it has been successfully used in the travel and tourism
industries by airlines, cruise lines, hotels, amusement parks, and rental car companies, and in
other industries such as trucking and public utilities.

Process analysis and improvement includes cost and time reduction, productivity improve-
ment, process yield improvement, and quality improvement and increasing customer satisfac-
tion. This is sometimes referred to as a six sigma process.

Given a boost by the “quality revolution” of the 1980s and 1990s, quality is now ingrained
in business. Some businesses use the term fotal quality management (TQM) to describe their
quality efforts. A quality focus emphasizes customer satisfaction and often involves team-
work. Process improvement can result in improved quality, cost reduction, and time reduction.
Time relates to costs and to competitive advantage, and businesses seek ways to reduce the
time to bring new products and services to the marketplace to gain a competitive edge. If two
companies can provide the same product at the same price and quality, but one can deliver
it four weeks earlier than the other, the quicker company will invariably get the sale. Time
reductions are being achieved in many companies now. Union Carbide was able to cut $400
million of fixed expenses, and Bell Atlantic was able to cut the time needed to hook up long-
distance carriers from 15 days to less than 1, at a savings of $82 million.

Agility refers to the ability of an organization to respond quickly to demands or oppor-
tunities. It is a strategy that involves maintaining a flexible system that can quickly respond
to changes in either the volume of demand or changes in product/service offerings. This is
particularly important as organizations scramble to remain competitive and cope with increas-
ingly shorter product life cycles and strive to achieve shorter development times for new or
improved products and services.

There is a huge demand in the United States and elsewhere for affordable
women’s clothing. Low-cost clothing retailers such as Spain’s Zara and
Sweden’s H & M are benefiting from their ability to quickly get mass-
produced, trendy new fashions to store shelves while some less-agile
competitors like Macy’s and Gap struggle to achieve the same results. A
key factor for the agile retailers is their nearness to low-cost producers in
Romania and Turkey, which greatly shortens transportation time. Ameri-
can retailers often source from China, but increasing wages there and the

longer distance lessen their ability to take advan-
tage of quickly introducing new low-cost fashions.

Question
What possible solutions do you see for competitors such as Macy’s and
Gap?

Source: Based on Roya Wolverson, “Need for Speed: Glamorizing Cheap Fashion
Costs More than You Think,” Time, August 6, 2012, p. 18.

Lean system System that uses
minimal amounts of resources to
produce a high volume of high-

quality goods with some variety.

Lean production, a new approach to production, emerged in the 1990s. It incorporates a
number of the recent trends listed here, with an emphasis on quality, flexibility, time reduc-
tion, and teamwork. This has led to a flattening of the organizational structure, with fewer
levels of management.

Lean systems are so named because they use much less of certain resources than typi-
cal mass production systems use—space, inventory, and workers—to produce a comparable
amount of output. Lean systems use a highly skilled workforce and flexible equipment. In
effect, they incorporate advantages of both mass production (high volume, low unit cost) and
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craft production (variety and flexibility). And quality is higher than in mass production. This
approach has now spread to services, including health care, offices, and shipping and delivery.

The skilled workers in lean production systems are more involved in maintaining and
improving the system than their mass production counterparts. They are taught to stop an
operation if they discover a defect, and to work with other employees to find and correct the
cause of the defect so that it won’t recur. This results in an increasing level of quality over
time and eliminates the need to inspect and rework at the end of the line.

Because lean production systems operate with lower amounts of inventory, additional
emphasis is placed on anticipating when problems might occur before they arise and avoiding
those problems through planning. Even so, problems can still occur at times, and quick reso-
lution is important. Workers participate in both the planning and correction stages.

Compared to workers in traditional systems, much more is expected of workers in lean
production systems. They must be able to function in teams, playing active roles in operating
and improving the system. Individual creativity is much less important than team success.
Responsibilities also are much greater, which can lead to pressure and anxiety not present in
traditional systems. Moreover, a flatter organizational structure means career paths are not
as steep in lean production organizations. Workers tend to become generalists rather than
specialists, another contrast to more traditional organizations.

1.10 KEY ISSUES FOR TODAY’S
BUSINESS OPERATIONS

There are a number of issues that are high priorities of many business organizations. Although
not every business is faced with these issues, many are. Chief among the issues are the
following:

Economic conditions. The lingering recession and slow recovery in various sectors of
the economy has made managers cautious about investment and rehiring workers who
had been laid off during the recession.

Innovating. Finding new or improved products or services are only two of the many
possibilities that can provide value to an organization. Innovations can be made in pro-
cesses, the use of the Internet, or the supply chain that reduce costs, increase productivity,
expand markets, or improve customer service.

Quality problems. The numerous operations failures mentioned at the beginning of the
chapter underscore the need to improve the way operations are managed. That relates to
product design and testing, oversight of suppliers, risk assessment, and timely response
to potential problems.

Risk management. The need for managing risk is underscored by recent events that
include the crisis in housing, product recalls, oil spills, and natural and man-made disas-
ters, and economic ups and downs. Managing risks starts with identifying risks, assessing
vulnerability and potential damage (liability costs, reputation, demand), and taking steps
to reduce or share risks.

Competing in a global economy. Low labor costs in third-world countries have
increased pressure to reduce labor costs. Companies must carefully weigh their options,
which include outsourcing some or all of their operations to low-wage areas, reducing
costs internally, changing designs, and working to improve productivity.

Three other key areas require more in-depth discussion: environmental concerns, ethical
conduct, and managing the supply chain.

Environmental Concerns

Concern about global warming and pollution has had an increasing effect on how businesses
operate.
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L01.9 Describe current issues
in business that impact opera-
tions management.
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Sustainability Using resources
in ways that do not harm ecolog-
ical systems that support human
existence.

Puma’s “Clever Little Bag”
changes the idea of the shoebox
by wrapping footwear in a
cardboard structure with 65
percent less cardboard. It uses
a bag made of recycled plastic
as the outer layer that holds
the inner cardboard structure
together. Puma expects to

cut carbon dioxide emissions
by 10,000 tons per year and
water, energy, and diesel use
by 60 percent by using fewer
materials—8,500 fewer tons of
paper to be specific—and the
new packaging’s lighter weight.

Universities Embrace Sustainability READING

Chapter One Introduction to Operations Management

Stricter environmental regulations, particularly in developed nations, are being imposed. Fur-
thermore, business organizations are coming under increasing pressure to reduce their carbon
footprint (the amount of carbon dioxide generated by their operations and their supply chains)
and to generally operate sustainable processes. Sustainability refers to service and production
processes that use resources in ways that do not harm ecological systems that support both current
and future human existence. Sustainability measures often go beyond traditional environmental
and economic measures to include measures that incorporate social criteria in decision making.

All areas of business will be affected by this. Areas that will be most affected include
product and service design, consumer education programs, disaster preparation and response,
supply chain waste management, and outsourcing decisions. Note that outsourcing of goods
production increases not only transportation costs, but also fuel consumption and carbon
released into the atmosphere. Consequently, sustainability thinking may have implications for
outsourcing decisions.

Because they all fall within the realm of operations, operations management is central
to dealing with these issues. Sometimes referred to as “green initiatives,” the possibilities
include reducing packaging, materials, water and energy use, and the environmental impact
of the supply chain, including buying locally. Other possibilities include reconditioning used
equipment (e.g., printers and copiers) for resale, and recycling.
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Universities and colleges are increasingly embracing sustainability, link-
ing it to global warming, biodiversity, and global commerce. Some are
building sustainability into existing courses, while others are offering
new courses, certificate programs, or degree programs. And some, such
as Arizona State University and the Rochester Institute of Technology,
are offering advanced degree programs.

Some universities are also “practicing what they preach,” by apply-
ing sustainable practices in their operations. Among them are Dart-
mouth College, Harvard University, Stanford, Williams College, and the

University of British Columbia, which was named
by the environmental magazine Grist as one of the —
top 15 universities in the world in reducing greenhouse gas emissions
and being energy efficient.

Source: Based on “The Sustainable University: Saving the Planet by Degrees,”
Chronicle of Higher Education, Special Report, October 20, 2006, Stanford News
Service, January 2007, and “B.C.’s School of Greener Learning,” Toronto Globe
and Mail, August 25, 2007, p. A6.
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The following reading suggests that even our choice of diet can affect the environment.

Diet and the Environment: Vegetarian vs. Nonvegetarian

It is interesting to examine the environmental impact of dietary choices.
There’s ample evidence that agricultural practices pollute the soil, air,
and water. Factors range from the distance food travels to get to the
consumer, to the amount of water and fertilizer used. Of particular con-
cern is the environmental impact of a diet high in animal protein. The
Food and Agricultural Organization (FAO) of the United Nations recently
reported that livestock production is one of the major causes of global
warming and air and water pollution. Using a methodology that considers
the entire supply chain, the FAO estimated that livestock accounts for
18 percent of greenhouse gas emissions.

A Vegetarian versus Nonvegetarian Diet and the Envi-
ronment The eco-friendliness of a meat eater’s diet was the subject of
a study conducted by researchers from the Departments of Environmental

READING

Health and Nutrition of Loma Linda University in
California. They compared the environmental effects
of a vegetarian vs. nonvegetarian diet in California in
terms of agricultural production inputs, including pesticides and fertilizers,
water and energy.

“The study results showed that for the combined production of 11
food items the nonvegetarian diet required 2.9 times more water, 2.5
times more primary energy, 13 times more fertilizer, and 1.4 times more
pesticides than did the vegetarian diet. The biggest differences came
from including beef in the diet.”

Source: Based on “Finding a Scientific Connection Between Food Choices and
the Environment,” Environmental Nutrition Newsletter, October 2009, p. 3.

Ethical Conduct

The need for ethical conduct in business is becoming increasingly obvious, given numerous exam-
ples of questionable actions in recent history. In making decisions, managers must consider how
their decisions will affect shareholders, management, employees, customers, the community at
large, and the environment. Finding solutions that will be in the best interests of all of these stake-
holders is not always easy, but it is a goal that all managers should strive to achieve. Furthermore,
even managers with the best intentions will sometimes make mistakes. If mistakes do occur, man-
agers should act responsibly to correct those mistakes as quickly as possible, and to address any
negative consequences.

Many organizations have developed codes of ethics to guide employees’ or members’ con-
duct. Ethics is a standard of behavior that guides how one should act in various situations.
The Markula Center for Applied Ethics at Santa Clara University identifies five principles
for thinking ethically:

Ethics A standard of behavior
that guides how one should act
in various situations.

» The Utilitarian Principle is that the good done by an action or inaction should
outweigh any harm it causes or might cause. An example is not allowing a person who
has had too much to drink to drive.

e The Rights Principle is that actions should respect and protect the moral rights of
others. An example is not taking advantage of a vulnerable person.

* The Fairness Principle is that equals should be held to, or evaluated by, the same
standards. An example is equal

pay for equal work. The Fair Trade Certified™ label

* The Common Good Principle { guarantees to consumers that

is that actions should contrib- strict economic, social, and

ute to the common good of the
community. An example is an
ordinance on noise abatement.

e The Virtue Principle is that
actions should be consistent with
certain ideal virtues. Examples
include honesty, compassion,
generosity, tolerance, fidelity,
integrity, and self-control.

environmental criteria were met
in the production and trade of an
agricultural product.
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Ethical framework A
sequence of steps intended to
guide thinking and subsequent
decision or action.
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The center expands these principles to create a framework for ethical conduct. An ethical

framework is a sequence of steps intended to guide thinking and subsequent decisions or
actions. Here is the one developed by the Markula Center for Applied Ethics:

1.

5.

Recognize an ethical issue by asking if an action could be damaging to a group or an
individual. Is there more to it than just what is legal?

Make sure the pertinent facts are known, such as who will be impacted, and what
options are available.

Evaluate the options by referring to the appropriate preceding ethical principle.

Identify the “best” option and then further examine it by asking how someone you
respect would view it.

In retrospect, consider the effect your decision had and what you can learn from it.

More detail is available at the Center’s Web site: http://www.scu.edu/ethics/practicing/
decision/framework.html.

Operations managers, like all managers, have the responsibility to make ethical decisions.

Ethical issues arise in many aspects of operations management, including

Financial statements: accurately representing the organization’s financial condition.

Worker safety: providing adequate training, maintaining equipment in good working
condition, maintaining a safe working environment.

Product safety: providing products that minimize the risk of injury to users or damage to
property or the environment.

Quality: honoring warranties, avoiding hidden defects.
The environment: not doing things that will harm the environment.
The community: being a good neighbor.

Hiring and firing workers: avoiding false pretenses (e.g., promising a long-term job
when that is not what is intended).

Closing facilities: taking into account the impact on a community, and honoring com-
mitments that have been made.

Workers’ rights: respecting workers’ rights, dealing with workers’ problems quickly
and fairly.

The Ethisphere Institute recognizes companies worldwide for their ethical leadership.

Here are some samples from their list:

Apparel: Gap.

Automotive: Ford Motor Company.

Business services: Paychex.

Café: Starbucks.

Computer hardware: Intel.

Computer software: Adobe Systems, Microsoft.
Consumer electronics: Texas Instruments, Xerox.
E-commerce: eBay.

General retail: Costco, Target.

Groceries: Safeway, Wegmans, Whole Foods.
Health and beauty: L’Oreal.

Logistics: UPS.

You can see a complete list of recent recipients and the selection criteria at Ethisphere.com.
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The Need to Manage the Supply Chain

Supply chain management is being given increasing attention as business organizations face mount-
ing pressure to improve management of their supply chains. In the past, most organizations did little
to manage their supply chains. Instead, they tended to concentrate on their own operations and on
their immediate suppliers. Moreover, the planning, marketing, production and inventory manage-
ment functions in organizations in supply chains have often operated independently of each other.
As a result, supply chains experienced a range of problems that were seemingly beyond the con-
trol of individual organizations. The problems included large oscillations of inventories, inventory
stockouts, late deliveries, and quality problems. These and other issues now make it clear that man-
agement of supply chains is essential to business success. The other issues include the following:

1. The need to improve operations. Efforts on cost and time reduction, and productivity and
quality improvement, have expanded in recent years to include the supply chain. Oppor-
tunity now lies largely with procurement, distribution, and logistics—the supply chain.

2. Increasing levels of outsourcing. Organizations are increasing their levels of outsourcing,
buying goods or services instead of producing or providing them themselves. As out-
sourcing increases, organizations are spending increasing amounts on supply-related
activities (wrapping, packaging, moving, loading and unloading, and sorting). A signifi-
cant amount of the cost and time spent on these and other related activities may be unnec-
essary. Issues with imported products, including tainted food products, toothpaste, and pet
foods, as well as unsafe tires and toys, have led to questions of liability and the need for
companies to take responsibility for monitoring the safety of outsourced goods.

3. Increasing transportation costs. Transportation costs are increasing, and they need to
be more carefully managed.

4. Competitive pressures. Competitive pressures have led to an increasing number of
new products, shorter product development cycles, and increased demand for custom-
ization. And in some industries, most notably consumer electronics, product life cycles
are relatively short. Added to this are adoption of quick-response strategies and efforts
to reduce lead times.

5. Increasing globalization. Increasing globalization has expanded the physical length of
supply chains. A global supply chain increases the challenges of managing a supply chain.
Having far-flung customers and/or suppliers means longer lead times and greater opportu-
nities for disruption of deliveries.
Often currency differences and
monetary fluctuations are factors,
as well as language and cultural
differences. Also, tightened bor-
der security in some instances
has slowed shipments of goods.

6. Increasing importance of
e-business. The increasing
importance of e-business has
added new dimensions to busi-
ness buying and selling and has
presented new challenges.

7. The complexity of supply
chains. Supply chains are
complex; they are dynamic,
and they have many inherent
uncertainties that can adversely
affect them, such as inaccurate
forecasts, late deliveries, sub-
standard quality, equipment
breakdowns, and canceled or
changed orders.

31

L01.10 Explain the need to
manage the supply chain.

Outsourcing Buying goods or
services instead of producing or
providing them in-house.

In Kachchh, India, Fairtrade
allows cotton farmers to have the
assurance of a minimum price,
which gives them more security
to plan their business and invest
in their communities.
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TABLE 1.6
Elements of supply chain
management

Chapter One Introduction to Operations Management

8. The need to manage inventories. Inventories play a major role in the success or failure
of a supply chain, so it is important to coordinate inventory levels throughout a supply
chain. Shortages can severely disrupt the timely flow of work and have far-reaching
impacts, while excess inventories add unnecessary costs. It would not be unusual to find
inventory shortages in some parts of a supply chain and excess inventories in other parts
of the same supply chain.

Elements of Supply Chain Management

Supply chain management involves coordinating activities across the supply chain. Central to
this is taking customer demand and translating it into corresponding activities at each level of
the supply chain.

The key elements of supply chain management are listed in Table 1.6. The first element,
customers, is the driving element. Typically, marketing is responsible for determining what
customers want as well as forecasting the quantities and timing of customer demand. Product
and service design must match customer wants with operations capabilities.

Processing occurs in each component of the supply chain: it is the core of each organization.
The major portion of processing occurs in the organization that produces the product or service
for the final customer (the organization that assembles the computer, services the car, etc.). A
major aspect of this for both the internal and external portions of a supply chain is scheduling.

Inventory is a staple in most supply chains. Balance is the main objective; too little causes
delays and disrupts schedules, but too much adds unnecessary costs and limits flexibility.

Purchasing is the link between an organization and its suppliers. It is responsible for
obtaining goods and/or services that will be used to produce products or provide services for
the organization’s customers. Purchasing selects suppliers, negotiates contracts, establishes
alliances, and acts as liaison between suppliers and various internal departments.

The supply portion of a value chain is made up of one or more suppliers, all links in the
chain, and each one capable of having an impact on the effectiveness—or the ineffectiveness—
of the supply chain. Moreover, it is essential that the planning and execution be carefully
coordinated between suppliers and all members of the demand portion of their chains.

Location can be a factor in a number of ways. Where suppliers are located can be important,
as can location of processing facilities. Nearness to market, nearness to sources of supply, or
nearness to both may be critical. Also, delivery time and cost are usually affected by location.

Two types of decisions are relevant to supply chain management—strategic and opera-
tional. The strategic decisions are the design and policy decisions. The operational decisions
relate to day-to-day activities: managing the flow of material and product and other aspects of
the supply chain in accordance with strategic decisions.

Element Typical Issues Chapter(s)
Customers Determining what products and/or services customers want 3,4
Forecasting Predicting the quantity and timing of customer demand 3
Design Incorporating customers, wants, manufacturability, and time to

market 4
Capacity planning ~ Matching supply and demand 5,11
Processing Controlling quality, scheduling work 10,16
Inventory Meeting demand requirements while managing the costs of hold-

ing inventory 12,13, 14
Purchasing Evaluating potential suppliers, supporting the needs of operations

on purchased goods and services 15
Suppliers Monitoring supplier quality, on-time delivery, and flexibility; main-

taining supplier relations 15
Location Determining the location of facilities 8

Logistics Deciding how to best move information and materials 15
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The major decision areas in supply chain management are location, production, distribu-
tion, and inventory. The location decision relates to the choice of locations for both produc-
tion and distribution facilities. Production and transportation costs and delivery lead times are
important. Production and distribution decisions focus on what customers want, when they
want it, and how much is needed. Outsourcing can be a consideration. Distribution decisions
are strongly influenced by transportation cost and delivery times, because transportation costs
often represent a significant portion of total cost. Moreover, shipping alternatives are closely
tied to production and inventory decisions. For example, using air transport means higher
costs but faster deliveries and less inventory in transit than sea, rail, or trucking options. Dis-
tribution decisions must also take into account capacity and quality issues. Operational deci-
sions focus on scheduling, maintaining equipment, and meeting customer demand. Quality
control and workload balancing are also important considerations. Inventory decisions relate
to determining inventory needs and coordinating production and stocking decisions through-
out the supply chain. Logistics management plays the key role in inventory decisions.

Enterprise Resource Planning (ERP) is being increasingly used to provide information
sharing in real time among organizations and their major supply chain partners. This impor-
tant topic is discussed in more detail in Chapter 12.

Operations Tours

Throughout the book you will discover operations tours that describe operations in all sorts of
companies. The tour you are about to read is Wegmans Food Markets, a major regional super-
market chain and one of the largest privately held companies in the United States. Wegmans
has been consistently ranked high on Forfune magazine’s list of the 100 Best Companies to
Work For since the inception of the survey a decade ago. In 2005 Wegmans was ranked num-
ber one on the list.
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Wegmans Food Markets, Inc., is one of the premier grocery chains in
the United States. Headquartered in Rochester, New York, Wegmans
operates over 70 stores, mainly in Rochester, Buffalo, and Syracuse.
There are also a handful of stores elsewhere in New York State and
in New Jersey, Pennsylvania, and Virginia. The company employs over
45,000 people, and has annual sales of over $3 billion.

Wegmans has a strong reputation for offering its customers high
product quality and excellent service. Through a combination of market
research, trial and error, and listening to its customers, Wegmans has
evolved into a very successful organization. Its sales per square foot are
50 percent higher than the industry average.

Wegmans Food Markets OPERATIONS TOUR -~

Superstores

Many of the company’s stores are giant 100,000-square-foot super-
stores, double or triple the size of average supermarkets. You can get an
idea about the size of these stores from this: they usually have between
25 and 35 checkout lanes, and during busy periods, all of the checkouts
are in operation. A superstore typically employs from 500 to 600 people.

Individual stores differ somewhat in terms of actual size and some
special features. Aside from the features normally found in supermar-
kets, they generally have a full-service deli (typically a 40-foot display
case), a 500-square-foot fisherman’s wharf that has perhaps 10 differ-
ent fresh fish offerings most days, a large bakery section (each store
bakes its own bread, rolls, cakes, pies, and pastries), and extra-large

produce sections. They also offer film processing,
a complete pharmacy, a card shop, video rentals,
and an Olde World Cheese section. In-store floral shops range in size up
to 800 square feet of floor space and offer a wide variety of fresh-cut
flowers, flower arrangements, vases, and plants. In-store card shops
cover over 1,000 square feet of floor space. The bulk foods department
provides customers with the opportunity to select the quantities they
desire from a vast array of foodstuffs and some nonfood items such as
birdseed and pet food.

Each store is a little different. Among the special features in some
stores are a dry cleaning department, a wokery, and a salad bar. Some
stores feature a Market Café that has different food stations, each
devoted to preparing and serving a certain type of food. For example,
one station will have pizza and other ltalian specialties, and another
oriental food, and still another chicken or fish. There also will be a sand-
wich bar, a salad bar, and a dessert station. Customers often wander
among stations as they decide what to order. In some Market Cafés,
diners can have wine with their meals and have brunch on Sundays.
In several affluent locations, customers can stop in on their way home
from work and choose from a selection of freshly prepared dinner
entrees such as medallions of beef with herb butter, chicken Mar-
sala, stuffed flank steak with mushrooms, Cajun tuna, crab cakes, and
accompaniments such as roasted red potatoes, grilled vegetables, and

(continued)
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Caesar salad. Many Wegmans stores offer ready-made sandwiches as
well as made-to-order sandwiches. Some stores have a coffee-shop
section with tables and chairs where shoppers can enjoy regular or spe-
cialty coffees and a variety of tempting pastries.

Produce Department

The company prides itself on fresh produce. Produce is replenished as
often as 12 times a day. The larger stores have produce sections that
are four to five times the size of a produce section in an average super-
market. Wegmans offers locally grown produce in season. Wegmans
uses a “farm to market” system whereby some local growers deliver
their produce directly to individual stores, bypassing the main ware-
house. That reduces the company’s inventory holding costs and gets
the produce into the stores as quickly as possible. Growers may use
specially designed containers that go right onto the store floor instead
of large bins. This avoids the bruising that often occurs when fruits and
vegetables are transferred from bins to display shelves and the need to
devote labor to transfer the produce to shelves.

Meat Department

In addition to large display cases of both fresh and frozen meat prod-
ucts, many stores have a full-service butcher shop that offers a variety
of fresh meat products and where butchers are available to provide cus-
tomized cuts of meat for customers.

Meat department employees attend Wegmans’ “Meat University,”
where they learn about different cuts of meat and how to best pre-
pare them. They also learn about other items to pair with various meats,
and suggest side dishes, breads, and wine. This helps instill a “selling
culture” among employees, who often spend 75 percent of their time
talking with customers.

Introduction to Operations Management

Wegmans continually analyzes store operations to improve pro-
cesses. In the meat department, a change from in-store cutting and
traditional packaging to using a centralized meat processing facility and
vacuum packaging extended the shelf life of meats and reduced staff-
ing requirements in meat departments, reducing costs and providing
customers with an improved product.

Ordering

Each department handles its own ordering. Although sales records are
available from records of items scanned at the checkouts, they are not
used directly for replenishing stock. Other factors—such as pricing,
special promotions, and local circumstances (e.g., festivals, weather
conditions)—must all be taken into account. However, for seasonal
periods, such as holidays, managers often check scanner records to
learn what past demand was during a comparable period.

The superstores typically receive one truckload of goods per day
from the main warehouse. During peak periods, a store may receive
two truckloads from the main warehouse. The short lead time greatly
reduces the length of time an item might be out of stock, unless the
main warehouse is also out of stock.

The company exercises strict control over suppliers, insisting on
product quality and on-time deliveries.

Inventory Management

Some stores carry as many as 70,000 individual units. Wegmans uses
a companywide system to keep track of inventory. Departments take
a monthly inventory count to verify the amount shown in the com-
panywide system. Departments receive a periodic report indicating
how many days of inventory the department has on hand. Having an

(continued)

Wegmans’ Patisserie is an authentic French pastry shop.



Chapter One

appropriate amount on hand is important to department managers: If
they have too much inventory on hand, that will add to their depart-
ment’s costs, whereas having too little inventory will result in shortages
and thus lost sales and dissatisfied customers.

Employees

The company recognizes the value of good employees. It typically
invests an average of $7,000 to train each new employee. In addition to
learning about store operations, new employees learn the importance of
good customer service and how to provide it. The employees are help-
ful, cheerfully answering customer questions or handling complaints.
Employees are motivated through a combination of compensation,
profit sharing, and benefits. Employee turnover for full-time workers is
about 6 percent, compared to the industry average of about 20 percent.

Quality

Quality and customer satisfaction are utmost in the minds of Wegmans’
management and its employees. Private-label food items as well as
name brands are regularly evaluated in test kitchens, along with poten-
tial new products. Managers are responsible for checking and main-
taining product and service quality in their departments. Moreover,
employees are encouraged to report problems to their managers.

If a customer is dissatisfied with an item, and returns it, or even a
portion of the item, the customer is offered a choice of a replacement or
a refund. If the item is a Wegmans brand food item, it is then sent to the
test kitchen to determine the cause of the problem. If the cause can be
determined, corrective action is taken.

Fresh seafood is delivered daily, often direct from boat to
store the same day it was caught.

Introduction to Operations Management
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Technology

Wegmans continues to adopt new technologies to maintain its competi-
tive edge, including new approaches to tracking inventory and manag-
ing its supply chain, and new ways to maintain freshness in the meat
and produce departments.

Sustainability

Wegmans began replacing incandescent light bulbs with compact fluo-
rescent bulbs in 2007, generating 3,000 fewer tons of carbon dioxide
each year. Also the company installed sensors in its dairy cases that
reduced the time the cooling systems run by 50 percent.

Questions

1. How do customers judge the quality of a supermarket?

2. Indicate how and why each of these factors is important to the suc-
cessful operation of a supermarket:

. Customer satisfaction.

. Forecasting.

. Capacity planning.

. Location.

. Inventory management.

- Layout of the store.
g. Scheduling.

3. What are some of the ways Wegmans uses technology to gain an
edge over its competition?

-~ D QU O T D

Wegmans’ chefs fill the Chef’s Case with ready-to-eat and
ready-to-heat entrees, side dishes, and salads.
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Chapter One Introduction to Operations Management

The operations function in business organizations is responsible for producing goods and providing
services. It is a core function of every business. Supply chains are the sequential system of suppliers
and customers that begins with basic sources of inputs and ends with final customers of the system.
Operations and supply chains are interdependent—one couldn’t exist without the other, and no business
organization could exist without both.

Operations management involves system design and operating decisions related to product and ser-
vice design, capacity planning, process selection, location selection, work management, inventory and
supply management, production planning, quality assurance, scheduling, and project management.

The historical evolution of operations management provides interesting background information on
the continuing evolution of this core business function.

The Operations Tours and Readings included in this and subsequent chapters provide insights into
actual business operations.

1. The operations function is that part of every business organization that produces products and/or
delivers services.

2. Operations consists of processes that convert inputs into outputs. Failure to manage those processes
effectively will have a negative impact on the organization.

3. A key goal of business organizations is to achieve an economic matching of supply and
demand. The operations function is responsible for providing the supply or service capacity for
expected demand.

4. All processes exhibit variation that must be managed.

5. Although there are some basic differences between services and products that must be taken into
account from a managerial standpoint, there are also many similarities between the two.

6. Environmental issues will increasingly impact operations decision making.
7. Ethical behavior is an integral part of good management practice.

8. All business organizations have, and are part of, a supply chain that must be managed.

agility, 26 interchangeable parts, 22 process, 12

craft production, 21 lead time, 10 services, 3
division of labor, 23 lean system, 26 six sigma, 26
e-business, 24 mass production, 22 supply chain, 4
e-commerce, 24 model, 18 sustainability, 28
ethical framework, 30 operations management, 4 system, 20
ethics, 29 outsourcing, 31 technology, 25
goods, 3 Pareto phenomenon, 20 value-added, 7

1. Briefly describe the terms operations management and supply chain.

2. Identify the three major functional areas of business organizations and briefly describe how they
interrelate.

3. Describe the operations function and the nature of the operations manager’s job.

4. List five important differences between goods production and service operations; then list five
important similarities.

5. Briefly discuss each of these terms related to the historical evolution of operations management:

a. Industrial Revolution

b. Scientific management

c. Interchangeable parts

d. Division of labor

Why are services important? Why is manufacturing important? What are nonmanufactured goods?
What are models and why are they important?

Why is the degree of customization an important consideration in process planning?

v ® 3o

List the trade-offs you would consider for each of these decisions:
a. Driving your own car versus public transportation.
b. Buying a computer now versus waiting for an improved model.
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11.
12.

13.

14.
15.
16.
17.

Chapter One

c. Buying a new car versus buying a used car.

Introduction to Operations Management
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d. Speaking up in class versus waiting to get called on by the instructor.
e. A small business owner having a Web site versus newspaper advertising.

Discuss the importance of each of the following:
a. Matching supply and demand
b. Managing a supply chain

managers to be able to effectively deal with variation.
Why do people do things that are unethical?
Explain the term value-added.

Discuss the various impacts of outsourcing.

Describe each of these systems: craft production, mass production, and lean production.

Why might some workers prefer not to work in a lean production environment?

List and briefly explain the four basic sources of variation, and explain why it is important for

Discuss the term sustainability, and its relevance for business organizations.

This item appears at the end of each chapter. It is intended to focus your attention on three key issues for
business organizations in general, and operations management in particular. Those issues are trade-off
decisions, collaboration among various functional areas of the organization, and the impact of technol-
ogy. You will see three or more questions relating to these issues. Here is the first set of questions:

1. What are trade-offs? Why is careful consideration of trade-offs important in decision making?

2. Why is it important for the various functional areas of a business organization to collaborate?

3. In what general ways does technology have an impact on operations management decision making?

This item also will appear in every chapter. It allows you to critically apply information you learned in
the chapter to a practical situation. Here is the first set of exercises:

1. Many organizations offer a combination of goods and services to their customers. As you learned in
this chapter, there are some key differences between production of goods and delivery of services.

TAKING STOCK

CRITICAL
THINKING
EXERCISES

What are the implications of these differences relative to managing operations?

Why is it important to match supply and demand? If a manager believes that supply and demand
will not be equal, what actions could the manager take to increase the probability of achieving a

match?

downsides for both the organization and the consumer. Explain.

. One way that organizations compete is through technological innovation. However, there can be

4. a. What are some possible reasons a business person would make an unethical decision?

b. What are the risks of doing so?

Hazel had worked for the same Fortune 500 company for almost 15

CHazel R
one bright spot, though: She was able to bring in a

years. Although the company had gone through some tough times,
things were starting to turn around. Customer orders were up, and
quality and productivity had improved dramatically from what they had
been only a few years earlier due to a companywide quality improve-
ment program. So it came as a real shock to Hazel and about 400 of
her coworkers when they were suddenly terminated following the new
CEQ’s decision to downsize the company.

After recovering from the initial shock, Hazel tried to find employ-
ment elsewhere. Despite her efforts, after eight months of searching
she was no closer to finding a job than the day she started. Her funds
were being depleted and she was getting more discouraged. There was

little money by mowing lawns for her neighbors.

She got involved quite by chance when she heard one neighbor remark
that now that his children were on their own, nobody was around to
cut the grass. Almost jokingly, Hazel asked him how much he’d be will-
ing to pay. Soon Hazel was mowing the lawns of five neighbors. Other
neighbors wanted her to work on their lawns, but she didn’t feel that
she could spare any more time from her job search.

However, as the rejection letters began to pile up, Hazel knew she
had to make a decision. On a sunny Tuesday morning, she decided, like
many others in a similar situation, to go into business for herself—taking

(continued)
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(continued)

care of neighborhood lawns. She was relieved to give up the stress of
job hunting, and she was excited about the prospect of being her own
boss. But she was also fearful of being completely on her own. Never-
theless, Hazel was determined to make a go of it.

At first, business was a little slow, but once people realized Hazel
was available, many asked her to take care of their lawns. Some people
were simply glad to turn the work over to her; others switched from
professional lawn care services. By the end of her first year in busi-
ness, Hazel knew she could earn a living this way. She also performed
other services such as fertilizing lawns, weeding gardens, and trimming
shrubbery. Business became so good that Hazel hired two part-time
workers to assist her and, even then, she believed she could expand
further if she wanted to.

Questions

1. Hazel is the operations manager of her business. Among her respon-
sibilities are forecasting, inventory management, scheduling, quality
assurance, and maintenance.

a. What kinds of things would likely require forecasts?

b. What inventory items does Hazel probably have? Name one
inventory decision she has to make periodically.

¢. What scheduling must she do? What things might occur to dis-
rupt schedules and cause Hazel to reschedule?

d. How important is quality assurance to Hazel’s business? Explain.

e. What kinds of maintenance must be performed?
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2. In what ways are Hazel’'s customers most likely to judge the quality
of her lawn care services?

3. What are some of the trade-offs that Hazel probably considered
relative to:

a. Working for a company instead of for herself?
b. Expanding the business?
c¢. Launching a Web site?

4. The town is considering an ordinance that would prohibit putting
grass clippings at the curb for pickup because local landfills can-
not handle the volume. What options might Hazel consider if the
ordinance is passed? Name two advantages and two drawbacks of
each option.

5. Hazel decided to offer the students who worked for her a bonus of
$25 for ideas on how to improve the business, and they provided
several good ideas. One idea that she initially rejected now appears
to hold great promise. The student who proposed the idea has left,
and is currently working for a competitor. Should Hazel send that
student a check for the idea? What are the possible trade-offs?

6. All managers have to cope with variation.

a. What are the major sources of variation that Hazel has to con-
tend with?

b. How might these sources of variation impact Hazel’s ability to
match supply and demand?

c. What are some ways she can cope with variation?

7. Hazel is thinking of making some of her operations sustainable.
What are some ideas she might consider?
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agement: Creating Value Along the Supply Chain.
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Here is a procedure that will help you solve most of the end-of-chapter problems in this book and

on exams:

1. Identify the question to be answered. This is critical.

2. Summarize the information given in the problem statement using the appropriate symbols.

3. Determine what type of problem it is so you can select the appropriate problem-solving tools
such as a formula or table. Check your notes from class, chapter examples, and the Solved Prob-
lems section of the chapter, and any preceding chapter problems you have already solved for

guidance.

4. Solve the problem and indicate your answer.

Department A can produce parts at a rate of 50/day. Department B uses those parts are the rate of 10/
day. Each day unused parts are added to inventory. At what rate does the inventory of unused parts
build up?

Example 1
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1. The question to be answered: At what rate does inventory of unused parts build up (i.e.,
increase) per day?
2. The given information: Production rate = 50 parts/day
Usage rate = 10 parts/day

3. For this simple problem, no formula or table is needed. Inventory buildup is simply the differ-
ence between the production and usage rates.

4. Productionrate = 50 parts/day
Usage rate = 10 parts/day
Inventory buildup = 40 parts/day

. . . .. 2DS
Companies often use this formula to determine how much of a certain item to order: Q = e
where
Q = order quantity S = ordering cost
D = annual demand H = annual holding cost per unit

If annual demand is 400 units, ordering cost is $36, and annual holding cost is $2 per unit, what
is the order quantity?

1. The question to be answered: What is the order quantity, Q?
2. The information given in the problem: D = 400 units/year, S = $36, H = $2 per year

3. To solve the problem, substitute the values given in the problem into the formula.

) 2(400 units/yr.)$36 )
4. Solution: Q = = 120 units
$2/unit/ yr.

Problem-Solving Template

Problem number:

The question to be answered:

Information given:

Solve using:

Solution

Example 2

Solution
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This chapter discusses competitiveness, strategy, and productiv- THE COLD HARD FACTS
ity, three separate but related topics that are vitally important
to business organizations. Competitiveness relates to the effec-
tiveness of an organization in the marketplace relative to other
organizations that offer similar products or services. Operations
and marketing have a major impact on competitiveness. Strategy
relates to the plans that determine how an organization pursues
its goals. Operations strategy is particularly important in this
regard. Productivity relates to the effective use of resources, and
it has a direct impact on competitiveness. Operations manage-
ment is chiefly responsible for productivity.

The name of the game is competition. The playing field is
global. Those who understand how to play the game will
succeed; those who don’t are doomed to failure. And don’t
think the game is just companies competing with each
other. In companies that have multiple factories or divi-
sions producing the same good or service, factories or divi-
sions sometimes find themselves competing with each other.
When a competitor—another company or a sister factory
or division in the same company—can turn out products
better, cheaper, and faster, that spells real trouble for the
factory or division that is performing at a lower level. The
trouble can be layoffs or even a shutdown if the managers
can’t turn things around. The bottom line? Better quality,
higher productivity, lower costs, and the ability to quickly
respond to customer needs are more important than ever,
and the bar is getting higher. Business organizations need
to develop solid strategies for dealing with these issues.

2.1 INTRODUCTION

In this chapter you will learn about the different ways companies compete and why some
firms do a very good job of competing. You will learn how effective strategies can lead to
competitive organizations, and you will learn what productivity is, why it is important, and
what organizations can do to improve it.

a
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L02.1 List several ways
that business organizations
compete.

Competitiveness How effec-
tively an organization meets the
wants and needs of customers
relative to others that offer simi-
lar goods or services.

Chapter Two Competitiveness, Strategy, and Productivity

2.2 COMPETITIVENESS

Companies must be competitive to sell their goods and services in the marketplace.
Competitiveness is an important factor in determining whether a company prospers, barely
gets by, or fails. Business organizations compete through some combination of price, delivery
time, and product or service differentiation.

Marketing influences competitiveness in several ways, including identifying consumer
wants and needs, pricing, and advertising and promotion.

1. Identifying consumer wants and/or needs is a basic input in an organization’s
decision-making process, and central to competitiveness. The ideal is to achieve a per-
fect match between those wants and needs and the organization’s goods and/or services.

2. Price and quality are key factors in consumer buying decisions. It is important to
understand the trade-off decision consumers make between price and quality.

3. Advertising and promotion are ways organizations can inform potential customers
about features of their products or services, and attract buyers.

Operations has a major influence on competitiveness through product and service design,
cost, location, quality, response time, flexibility, inventory and supply chain management, and
service. Many of these are interrelated.

1. Product and service design should reflect joint efforts of many areas of the firm to
achieve a match between financial resources, operations capabilities, supply chain capa-
bilities, and consumer wants and needs. Special characteristics or features of a product
or service can be a key factor in consumer buying decisions. Other key factors include
innovation and the time-to-market for new products and services.

2. Cost of an organization’s output is a key variable that affects pricing decisions and prof-
its. Cost-reduction efforts are generally ongoing in business organizations. Productivity
(discussed later in the chapter) is an important determinant of cost. Organizations with
higher productivity rates than their competitors have a competitive cost advantage. A
company may outsource a portion of its operation to achieve lower costs, higher produc-
tivity, or better quality.

3. Location can be important in terms of cost and convenience for customers. Location
near inputs can result in lower input costs. Location near markets can result in lower
transportation costs and quicker delivery times. Convenient location is particularly
important in the retail sector.

4. Quality refers to materials, workmanship, design, and service. Consumers judge qual-
ity in terms of how well they think a product or service will satisfy its intended purpose.
Customers are generally willing to pay more for a product or service if they perceive the
product or service has a higher quality than that of a competitor.

5. Quick response can be a competitive advantage. One way is quickly bringing new or
improved products or services to the market. Another is being able to quickly deliver
existing products and services to a customer after they are ordered, and still another is
quickly handling customer complaints.

6. Flexibility is the ability to respond to changes. Changes might relate to alterations in
design features of a product or service, or to the volume demanded by customers, or the
mix of products or services offered by an organization. High flexibility can be a com-
petitive advantage in a changeable environment.

7. Inventory management can be a competitive advantage by effectively matching sup-
plies of goods with demand.

8. Supply chain management involves coordinating internal and external operations (buyers
and suppliers) to achieve timely and cost-effective delivery of goods throughout the system.

9. Service might involve after-sale activities customers perceive as value-added, such as

delivery, setup, warranty work, and technical support. Or it might involve extra atten-
tion while work is in progress, such as courtesy, keeping the customer informed, and
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—
Indian operators take calls at

Quatro call center in Gurgaon
on the outskirts of New Delhi.
Companies take advantage of
communications and software
support offshore to drive down
costs. This industry in India
already provides over one
million jobs.

-

attention to details. Service quality can be a key differentiator; and it is one that is often
sustainable. Moreover, businesses rated highly by their customers for service quality
tend to be more profitable, and grow faster, than businesses that are not rated highly.

10. Managers and workers are the people at the heart and soul of an organization, and if
they are competent and motivated, they can provide a distinct competitive edge by their
skills and the ideas they create. One often overlooked skill is answering the telephone.
How complaint calls or requests for information are handled can be a positive or a nega-
tive. If a person answering is rude or not helpful, that can produce a negative image.
Conversely, if calls are handled promptly and cheerfully, that can produce a positive
image and, potentially, a competitive advantage.

Why Some Organizations Fail

Organizations fail, or perform poorly, for a variety of reasons. Being aware of those reasons ~ L02.2 Name several reasons
can help managers avoid making similar mistakes. Among the chief reasons are the following: ~ that business organizations fail.

Neglecting operations strategy.

2. Failing to take advantage of strengths and opportunities, and/or failing to recognize
competitive threats.

3. Putting too much emphasis on short-term financial performance at the expense of
research and development.

4. Placing too much emphasis on product and service design and not enough on process
design and improvement.

5. Neglecting investments in capital and human resources.

Failing to establish good internal communications and cooperation among different
functional areas.

7. Failing to consider customer wants and needs.

The key to successfully competing is to determine what customers want and then directing efforts
toward meeting (or even exceeding) customer expectations. Two basic issues must be addressed.
First: What do the customers want? (Which items on the preceding list of the ways business organi-
zations compete are important to customers?) Second: What is the best way to satisfy those wants?

Operations must work with marketing to obtain information on the relative importance of
the various items to each major customer or target market.

Understanding competitive issues can help managers develop successful strategies.



44

L02.3 Define the terms mis-
sion and strategy and explain
why they are important.

Mission The reason for the
existence of an organization.

Mission statement States the
purpose of an organization.

Goals Provide detail and scope
of the mission.

Strategies Plans for achieving
organizational goals.

IS IT A STRATEGIC, TACTICAL, OR
OPERATIONAL ISSUE?

Chapter Two Competitiveness, Strategy, and Productivity

2.3 MISSION AND STRATEGIES

An organization’s mission is the reason for its existence. It is expressed in its mission
statement. For a business organization, the mission statement should answer the question
“What business are we in?”” Missions vary from organization to organization, depending on
the nature of their business. Table 2.1 provides several examples of mission statements.

A mission statement serves as the basis for organizational goals, which provide more detail
and describe the scope of the mission. The mission and goals often relate to how an organiza-
tion wants to be perceived by the general public, and by its employees, suppliers, and custom-
ers. Goals serve as a foundation for the development of organizational strategies. These, in
turn, provide the basis for strategies and tactics of the functional units of the organization.

Organizational strategy is important because it guides the organization by providing direc-
tion for, and alignment of, the goals and strategies of the functional units. Moreover, strate-
gies can be the main reason for the success or failure of an organization.

There are three basic business strategies:

e Low cost.
* Responsiveness.

 Differentiation from competitors.

long-term implications are most relevant. From tactical and opera-
tional perspectives, the time frames are much shorter. In fact, the
operational time frame is often measured in days.

Sometimes the same issue may apply to all three levels. However,
a key difference is the time frame. From a strategic perspective,

Amazon’s service helped
propel the company to double-
digit sales. Amazon started
same-day shipping in major
cities, launched a program to
urge manufacturers to drop
frustrating packaging, and
extended its service reach by
acquiring free-shipping pioneer
Zappos.com.

TABLE 2.1
Selected portions of company
mission statements

Responsiveness relates to ability to respond to changing demands. Differentiation can
relate to product or service features, quality, reputation, or customer service. Some organiza-
tions focus on a single strategy while others employ a combination of strategies. One com-
pany that has multiple strategies is Amazon.com. Not only does it offer low cost and quick,
reliable deliveries, it also excels in customer service.

Microsoft To help people and businesses throughout the world to realize their full potential.

Verizon To help people and businesses communicate with each other.

Starbucks To inspire and nurture the human spirit—one cup and one neighborhood at a time.

U.S. Dept. of To promote student achievement and preparation for global competitiveness and fostering
Education educational excellence and ensuring equal access.



AMAZON Tops in Customer Service READING

Amazon received the top spot in customer service in a recent Business-
Week ranking. Although most Amazon customers never talk with an
employee, when something goes wrong, Amazon excels in dealing with
the problem. In one case, when a New Jersey woman received a work-
book she ordered that was described as “like new,” she was surprised
to discover that it wasn’t even close to new—worksheets had already
been filled in. She complained to the merchant but didn’t get a response.
Then she complained to Amazon. She promptly received a refund, even

though she had paid the merchant, not Amazon.
And she wasn’t asked to return the book. -

Amazon sees its customer service as a way to enhance customer
experience, and as a way to identify potential problems with merchants.
In fact, if merchants have problems with more than 1 percent of their
orders, that can get them removed from the site.

Source: Based on “How Amazon Aims to Keep You Clicking,” BusinessWeek,
March 2009, p. 34.

Strategies and Tactics

If you think of goals as destinations, then strategies are the roadmaps for reaching the des-
tinations. Strategies provide focus for decision making. Generally speaking, organizations
have overall strategies called organizational strategies, which relate to the entire organization.
They also have functional strategies, which relate to each of the functional areas of the orga-
nization. The functional strategies should support the overall strategies of the organization,
just as the organizational strategies should support the goals and mission of the organization.

Tactics are the methods and actions used to accomplish strategies. They are more specific
than strategies, and they provide guidance and direction for carrying out actual operations,
which need the most specific and detailed plans and decision making in an organization. You
might think of tactics as the “how to” part of the process (e.g., how to reach the destination,
following the strategy roadmap) and operations as the actual “doing” part of the process.
Much of this book deals with tactical operations.

It should be apparent that the overall relationship that exists from the mission down to
actual operations is hierarchical. This is illustrated in Figure 2.1.

A simple example may help to put this hierarchy into perspective.

Mission

@

Organizational
goals

“

Organizational strategies

&

Functional goals

Finance Marketing Operations
strategies strategies strategies
Tactics Tactics Tactics
Operating Operating Operating
procedures procedures procedures

Tactics The methods and
actions taken to accomplish
strategies.

FIGURE 2.1
Planning and decision making are
hierarchical in organizations
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EXAMPLE 1

Core competencies The spe-
cial attributes or abilities that
give an organization a competi-
tive edge.

Chapter Two Competitiveness, Strategy, and Productivity

Rita is a high school student in Southern California. She would like to have a career in busi-
ness, have a good job, and earn enough income to live comfortably.
A possible scenario for achieving her goals might look something like this:

Mission: Live a good life.

Goal: Successful career, good income.

Strategy: Obtain a college education.

Tactics: Select a college and a major; decide how to finance college.

Operations: Register, buy books, take courses, study.

Here are some examples of different strategies an organization might choose from:

Low cost. Outsource operations to third-world countries that have low labor costs.

Scale-based strategies. Use capital-intensive methods to achieve high output volume
and low unit costs.

Specialization. Focus on narrow product lines or limited service to achieve higher
quality.

Newness. Focus on innovation to create new products or services.

Flexible operations. Focus on quick response and/or customization.

High quality. Focus on achieving higher quality than competitors.

Service. Focus on various aspects of service (e.g., helpful, courteous, reliable, etc.).

Sustainability. Focus on environmental-friendly and energy-efficient operations.

A wide range of business organizations are beginning to recognize the strategic advantages
of sustainability, not only in economic terms, but also in promotional benefit by publicizing
their sustainability efforts and achievements.

Sometimes organizations will combine two or more of these or other approaches into their
strategy. However, unless they are careful, they risk losing focus and not achieving advan-
tage in any category. Generally speaking, strategy formulation takes into account the way
organizations compete and a particular organization’s assessment of its own strengths and
weaknesses in order to take advantage of its core competencies—those special attributes or
abilities possessed by an organization that give it a competitive edge.

The most effective organizations use an approach that develops core competencies based
on customer needs as well as on what the competition is doing. Marketing and operations
work closely to match customer needs with operations capabilities. Competitor competen-
cies are important for several reasons. For example, if a competitor is able to supply high-
quality products, it may be necessary to meet that high quality as a baseline. However,
merely matching a competitor is usually not sufficient to gain market share. It may be neces-
sary to exceed the quality level of the competitor or gain an edge by excelling in one or more
other dimensions, such as rapid delivery or service after the sale. Walmart, for example, has
been very successful in managing its supply chain, which has contributed to its competitive
advantage.

To be effective, strategies and core competencies need to be aligned. Table 2.2 lists exam-
ples of strategies and companies that have successfully employed those strategies.

Strategy Formulation

Strategy formulation is almost always critical to the success of a strategy. Walmart discovered
that when it opened stores in Japan. Although Walmart thrived in many countries on its repu-
tation for low-cost items, Japanese consumers associated low cost with low quality, causing
Walmart to rethink its strategy in the Japanese market. And many felt that Hewlett-Packard
(HP) committed a strategic error when it acquired Compaq Computers at a cost of $19 billion.
HP’s share of the computer market was less after the merger than the sum of the shares of
the separate companies before the merger. In another example, U.S. automakers adopted a
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Organization Operations

Strategy

Examples of Companies
or Services

Strategy

Low price Low cost U.S. first-class postage
Walmart
Southwest Airlines
Responsiveness Short processing time McDonald’s restaurants
Express Mail, UPS, FedEx
One-hour photo
On-time delivery Domino’s Pizza
FedEx
Differentiation: High-performance design and/or Sony TV
High quality high-quality processing Lexus
Disneyland

Five-star restaurants or hotels

Consistent quality Coca-Cola, PepsiCo

Wegmans

Electrical power
Differentiation: Innovation 3M, Apple
Newness Google
Differentiation: Flexibility Burger King (“Have it your way”)
Variety Hospital emergency room

Volume McDonald’s (“Buses welcome”)

Toyota

Supermarkets (additional checkouts)
Differentiation: Superior customer service Disneyland
Service Amazon

IBM

Nordstrom
Differentiation: Convenience Supermarkets, dry cleaners
Location Mall stores

Service stations

Banks, ATMs

strategy in the early 2000s of offering discounts and rebates on a range of cars and SUVs,
many of which were on low-margin vehicles. The strategy put a strain on profits, but custom-
ers began to expect those incentives, and the companies maintained them to keep from losing
additional market share.

On the other hand, Coach, the maker of leather handbags and purses, successfully changed
its longtime strategy to grow its market by creating new products. Long known for its highly
durable leather goods in a market where women typically owned few handbags, Coach cre-
ated a new market for itself by changing women’s view of handbags by promoting “differ-
ent handbags for different occasions” such as party bags, totes, clutches, wristlets, overnight
bags, purses, and day bags. And Coach introduced many fashion styles and colors.

To formulate an effective strategy, senior managers must take into account the core com-
petencies of the organizations, and they must scan the environment. They must determine
what competitors are doing, or planning to do, and take that into account. They must criti-
cally examine other factors that could have either positive or negative effects. This is some-
times referred to as the SWOT approach (strengths, weaknesses, opportunities, and threats).
Strengths and weaknesses have an internal focus and are typically evaluated by operations
people. Threats and opportunities have an external focus and are typically evaluated by mar-
keting people. SWOT is often regarded as the link between organizational strategy and opera-
tions strategy.

47

TABLE 2.2
Examples of operations strategies

SWOT Analysis of strengths,
weaknesses, opportunities, and
threats.
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Order qualifiers Character-
istics that customers perceive as
minimum standards of accept-
ability to be considered as a
potential for purchase.

Order winners Characteris-
tics of an organization’s goods
or services that cause it to be
perceived as better than the
competition.

Environmental scanning
The monitoring of events and
trends that present threats or
opportunities for a company.
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An alternative to SWOT analysis is Michael Porter’s five forces model,' which takes into
account the threat of new competition, the threat of substitute products or services, the bargain-
ing power of customers, the bargaining power of suppliers, and the intensity of competition.

In formulating a successful strategy, organizations must take into account both order quali-
fiers and order winners. Order qualifiers are those characteristics that potential customers
perceive as minimum standards of acceptability for a product to be considered for purchase.
However, that may not be sufficient to get a potential customer to purchase from the organi-
zation. Order winners are those characteristics of an organization’s goods or services that
cause them to be perceived as better than the competition.

Characteristics such as price, delivery reliability, delivery speed, and quality can be order
qualifiers or order winners. Thus, quality may be an order winner in some situations, but in
others only an order qualifier. Over time, a characteristic that was once an order winner may
become an order qualifier, and vice versa.

Obviously, it is important to determine the set of order qualifier characteristics and the set
of order winner characteristics. It is also necessary to decide on the relative importance of
each characteristic so that appropriate attention can be given to the various characteristics.
Marketing must make that determination and communicate it to operations.

Environmental scanning is the monitoring of events and trends that present either threats
or opportunities for the organization. Generally these include competitors’ activities; chang-
ing consumer needs; legal, economic, political, and environmental issues; the potential for
new markets; and the like.

Another key factor to consider when developing strategies is technological change, which
can present real opportunities and threats to an organization. Technological changes occur in
products (high-definition TV, improved computer chips, improved cellular telephone systems,
and improved designs for earthquake-proof structures); in services (faster order processing,
faster delivery); and in processes (robotics, automation, computer-assisted processing, point-
of-sale scanners, and flexible manufacturing systems). The obvious benefit is a competitive
edge; the risk is that incorrect choices, poor execution, and higher-than-expected operating
costs will create competitive disadvantages.

Important factors may be internal or external. The following are key external factors:

1.  Economic conditions. These include the general health and direction of the economy,
inflation and deflation, interest rates, tax laws, and tariffs.

2. Political conditions. These include favorable or unfavorable attitudes toward business,
political stability or instability, and wars.

3. Legal environment. This includes antitrust laws, government regulations, trade restric-
tions, minimum wage laws, product liability laws and recent court experience, labor
laws, and patents.

4. Technology. This can include the rate at which product innovations are occurring, current
and future process technology (equipment, materials handling), and design technology.

5. Competition. This includes the number and strength of competitors, the basis of com-
petition (price, quality, special features), and the ease of market entry.

6. Markets. This includes size, location, brand loyalties, ease of entry, potential for
growth, long-term stability, and demographics.

The organization also must take into account various internal factors that relate to possible
strengths or weaknesses. Among the key internal factors are the following:

1. Human resources. These include the skills and abilities of managers and workers,
special talents (creativity, designing, problem solving), loyalty to the organization,
expertise, dedication, and experience.

'Michael E. Porter, “The Five Competitive Forces That Shape Strategy.” Harvard Business Review 86, no. 1
(January 2008), pp. 78-93, 137.
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2. Facilities and equipment. Capacities, location, age, and cost to maintain or replace can
have a significant impact on operations.

3. Financial resources. Cash flow, access to additional funding, existing debt burden, and
cost of capital are important considerations.

4. Customers. Loyalty, existing relationships, and understanding of wants and needs are
important.

5. Products and services. These include existing products and services, and the potential
for new products and services.

6. Technology. This includes existing technology, the ability to integrate new technology,
and the probable impact of technology on current and future operations.

7. Suppliers. Supplier relationships, dependability of suppliers, quality, flexibility, and
service are typical considerations.

8. Other. Other factors include patents, labor relations, company or product image, dis-
tribution channels, relationships with distributors, maintenance of facilities and equip-
ment, access to resources, and access to markets.

After assessing internal and external factors and an organization’s distinctive competence,
a strategy or strategies must be formulated that will give the organization the best chance of
success. Among the types of questions that may need to be addressed are the following:

What role, if any, will the Internet play?

Will the organization have a global presence?

To what extent will outsourcing be used?

What will the supply chain management strategy be?

To what extent will new products or services be introduced?
What rate of growth is desirable and sustainable?

What emphasis, if any, should be placed on lean production?

How will the organization differentiate its products and/or services from competitors’?

The organization may decide to have a single, dominant strategy (e.g., be the price leader)
or to have multiple strategies. A single strategy would allow the organization to concentrate
on one particular strength or market condition. On the other hand, multiple strategies may be
needed to address a particular set of conditions.

Many companies are increasing their use of outsourcing to reduce overhead, gain flexibil-
ity, and take advantage of suppliers’ expertise. Dell Computers provides a great example of
some of the potential benefits of outsourcing as part of a business strategy.

Growth is often a component of strategy, especially for new companies. A key aspect of
this strategy is the need to seek a growth rate that is sustainable. In the 1990s, fast-food com-
pany Boston Markets dazzled investors and fast-food consumers alike. Fueled by its success,
it undertook rapid expansion. By the end of the decade, the company was nearly bankrupt; it
had overexpanded. In 2000, it was absorbed by fast-food giant McDonald’s.

Companies increase their risk of failure not only by missing or incomplete strategies; they
also fail due to poor execution of strategies. And sometimes they fail due to factors beyond
their control, such as natural or man-made disasters, major political or economic changes, or
competitors that have an overwhelming advantage (e.g., deep pockets, very low labor costs,
less rigorous environmental requirements).

A useful resource on successful business strategies is the Profit Impact of Market Strategy
(PIMS) database (www.pimsonline.com). The database contains profiles of over 3,000 busi-
nesses located primarily in the United States, Canada, and western Europe. It is used by com-
panies and academic institutions to guide strategic thinking. It allows subscribers to answer
strategy questions about their business. Moreover, they can use it to generate benchmarks and
develop successful strategies.
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In 1984, Michael Dell, then a college student, started selling personal
computers from his dorm room. He didn’t have the resources to make
computer components, so he let others do that, choosing instead to
concentrate on selling the computers. And, unlike the major com-
puter producers, he didn’t sell to dealers. Instead, he sold directly to
PC buyers, eliminating some intermediaries, which allowed for lower
cost and faster delivery. Although direct selling of PCs is fairly com-
monplace now, in those days it was a major departure from the norm.

What did Dell do that was so different from the big guys? To
start, he bought components from suppliers instead of making them.
That gave him tremendous leverage. He had little inventory, no R&D
expenditures, and relatively few employees. And the risks of this
approach were spread among his suppliers. Suppliers were willing

STRATEGY FORMULATION

The key steps in strategy formulation are:

1. Link strategy directly to the organization’s mission or vision
statement.

to do this because Dell worked closely with them, and kept them
informed. And because he was in direct contact with his custom-
ers, he gained tremendous insight into their expectations and needs,
which he communicated to his suppliers.

Having little inventory gave Dell several advantages over his
competitors. Aside from the lower costs of inventory, when new,
faster computer chips became available, there was little inventory to
work off, so he was able to offer the newer models much sooner than
competitors with larger inventories. Also, when the prices of various
components dropped, as they frequently did, he was able to take
advantage of the lower prices, which kept his average costs lower
than competitors’.

Today the company is worth billions, and so is Michael Dell.

2. Assess strengths, weaknesses, threats and opportunities, and
identify core competencies.

3. Identify order winners and order qualifiers.

4. Select one or two strategies (e.g., low cost, speed, customer ser-
vice) to focus on.

According to the PIMS Web site,

The database is a collection of statistically documented experiences drawn from thousands of
businesses, designed to help understand what kinds of strategies (e.g. quality, pricing, vertical
integration, innovation, advertising) work best in what kinds of business environments. The data
constitute a key resource for such critical management tasks as evaluating business performance,
analyzing new business opportunities, evaluating and reality testing new strategies, and screening
business portfolios. The primary role of the PIMS Program of the Strategic Planning Institute is
to help managers understand and react to their business environment. PIMS does this by assisting
managers as they develop and test strategies that will achieve an acceptable level of winning as
defined by various strategies and financial measures.

Supply Chain Strategy

A supply chain strategy specifies how the supply chain should function to achieve supply
chain goals. The supply chain strategy should be aligned with the business strategy. If it is
well executed, it can create value for the organization. It establishes how the organization
should work with suppliers and policies relating to customer relationships and sustainability.
Supply chain strategy is covered in more detail in a later chapter.

Sustainability Strategy

Society is placing increasing emphasis on corporate sustainability practices in the form of
governmental regulations and interest groups. For these and other reasons, business organiza-
tions are or should be devoting attention to sustainability goals. To be successful, they will
need a sustainability strategy. That requires elevating sustainability to the level of organiza-
tional governance; formulating goals for products and services, for processes, and for the
entire supply chain; measuring achievements and striving for improvements; and possibly
linking executive compensation to the achievement of sustainability goals.

Global Strategy

As globalization increased, many companies realized that strategic decisions with respect to
globalization must be made. One issue companies must face is that what works in one country
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or region will not necessarily work in another, and strategies must be carefully crafted to take
these variabilities into account. Another issue is the threat of political or social upheaval. Still
another issue is the difficulty of coordinating and managing far-flung operations. Indeed, “In
today’s global markets, you don’t have to go abroad to experience international competition.
Sooner or later the world comes to you.”?

e Ean-tastic

2.4 OPERATIONS STRATEGY

The organization strategy provides the overall direction for the organization. It is broad in
scope, covering the entire organization. Operations strategy is narrower in scope, deal-
ing primarily with the operations aspect of the organization. Operations strategy relates to
products, processes, methods, operating resources, quality, costs, lead times, and scheduling.
Table 2.3 provides a comparison of an organization’s mission, its overall strategy, and its
operations strategy, tactics, and operations.

In order for operations strategy to be truly effective, it is important to link it to organiza-
tion strategy; that is, the two should not be formulated independently. Rather, formulation of
organization strategy should take into account the realities of operations’ strengths and weak-
nesses, capitalizing on strengths and dealing with weaknesses. Similarly, operations strategy
must be consistent with the overall strategy of the organization, and with the other functional
units of the organization. This requires that senior managers work with functional units to for-
mulate strategies that will support, rather than conflict with, each other and the overall strat-
egy of the organization. As obvious as this may seem, it doesn’t always happen in practice.
Instead, we may find power struggles between various functional units. These struggles are
detrimental to the organization because they pit functional units against each other rather than
focusing their energy on making the organization more competitive and better able to serve
the customer. Some of the latest approaches in organizations, involving teams of managers
and workers, may reflect a growing awareness of the synergistic effects of working together
rather than competing internally.

2Christopher A. Bartlett and Sumantra Ghoshal, “Going Global: Lessons from Late Movers,” Harvard Business
Review, March—April 2000, p. 139.
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At this McDonald’s in Singapore,
one variable is the use of rice as
a staple of the Chinese diet. This
ad highlights rice burgers.

L02.4 Discuss and compare
organization strategy and
operations strategy and
explain why it is important
to link the two.

Operations strategy The
approach, consistent with the
organization strategy, that is used
to guide the operations function.
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TABLE 2.3  Comparison of mission, organization strategy, and operations strategy

Management Time Level of
Level Horizon Detail Relates to
The overall Mission Top Long Broad Low Survival, profitability
organization  Strategy Senior Long Broad Low Growth rate, market share
Operations Strategic Senior Moderate Broad Low Product design, choice of location, choice of
to long technology, new facilities
Tactical Middle Moderate Moderate Moderate Employment levels, output levels, equipment
selection, facility layout
Operational Low Short Narrow High Scheduling personnel, adjusting output
rates, inventory management,
purchasing

In the 1970s and early 1980s, operations strategy in the United States was often neglected
in favor of marketing and financial strategies. That may have occurred because many chief
executive officers did not come from operations backgrounds and perhaps did not fully appre-
ciate the importance of the operations function. Mergers and acquisitions were common; lev-
eraged buyouts were used, and conglomerates were formed that joined dissimilar operations.
These did little to add value to the organization; they were purely financial in nature. Deci-
sions were often made by individuals who were unfamiliar with the business, frequently to the
detriment of that business. Meanwhile, foreign competitors began to fill the resulting vacuum
with a careful focus on operations strategy.

In the late 1980s and early 1990s, many companies began to realize this approach was not
working. They recognized that they were less competitive than other companies. This caused
them to focus attention on operations strategy. A key element of both organization strategy
and operations strategy is strategy formulation.

Operations strategy can have a major influence on the competitiveness of an organization.
If it is well designed and well executed, there is a good chance that the organization will be
successful; if it is not well designed or executed, the chances are much less that the organiza-
tion will be successful.

Strategic Operations Management Decision Areas

Operations management people play a strategic role in many strategic decisions in a business
organization. Table 2.4 highlights some key decision areas. Notice that most of the decision
areas have cost implications.

Two factors that tend to have universal strategic operations importance relate to quality and
time. The following section discusses quality and time strategies.

TABL'.E 2.4 . Decision Area What the Decisions Affect
Strategic operations
management decisions 1. Product and service design Costs, quality, liability and environmental issues
2. Capacity Cost structure, flexibility
3. Process selection and layout Costs, flexibility, skill level needed, capacity
4. Work design Quality of work life, employee safety, productivity
5. Location Costs, visibility
6. Quality Ability to meet or exceed customer expectations
7. Inventory Costs, shortages
8. Maintenance Costs, equipment reliability, productivity
9. Scheduling Flexibility, efficiency
10. Supply chains Costs, quality, agility, shortages, vendor relations
11. Projects Costs, new products, services, or operating systems
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Quality and Time Strategies

Traditional strategies of business organizations have tended to emphasize cost minimization
or product differentiation. While not abandoning those strategies, many organizations have
embraced strategies based on quality and/or time.

Quality-based strategies focus on maintaining or improving the quality of an organiza-
tion’s products or services. Quality is generally a factor in both attracting and retaining cus-
tomers. Quality-based strategies may be motivated by a variety of factors. They may reflect
an effort to overcome an image of poor quality, a desire to catch up with the competition, a
desire to maintain an existing image of high quality, or some combination of these and other
factors. Interestingly enough, quality-based strategies can be part of another strategy such as
cost reduction, increased productivity, or time, all of which benefit from higher quality.

Time-based strategies focus on reducing the time required to accomplish various activi-
ties (e.g., develop new products or services and market them, respond to a change in cus-
tomer demand, or deliver a product or perform a service). By doing so, organizations seek
to improve service to the customer and to gain a competitive advantage over rivals who take
more time to accomplish the same tasks.

Productivity Gains Curb Inflation READING
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L02.5 Describe and give
examples of time-based
strategies.

Quality-based strategy Strat-
egy that focuses on quality in all
phases of an organization.

Time-based strategy Strategy
that focuses on reduction of time
needed to accomplish tasks.

Wage increases can lead to inflationary pressure. They can cause the
prices consumers pay for products and services to rise—unless, that
is, they are offset by gains in productivity, which lead to an increase in
profits. If that happens, a portion of the resulting profits can be used to
cover the wage increases without having to raise prices.

Some Burger Kings were able to increase the starting pay of new
workers by $1 by achieving productivity gains. The restaurants restruc-
tured the menu, combining items into meal packages such as a burger,

fries, and soft drink. This enabled the counter staff
to enter orders with a single keystroke instead of -
multiple keystrokes on their point-of-sale machines, reducing the time
needed to take an order. That, in turn, enabled them to take orders
more quickly, increasing productivity and, consequently, reducing labor
requirements, which produced higher profits.

Source: Based on “Despite Pay Increases, Gains in Productivity, Profits Curb
Inflation,” The Wall Street Journal, May 22, 1997, p. A1.

Time-based strategies focus on reducing the time needed to conduct the various activities
in a process. The rationale is that by reducing time, costs are generally less, productivity is
higher, quality tends to be higher, product innovations appear on the market sooner, and cus-
tomer service is improved.

Organizations have achieved time reduction in some of the following:

Planning time: The time needed to react to a competitive threat, to develop strategies and
select tactics, to approve proposed changes to facilities, to adopt new technologies, and so on.

Product/service design time: The time needed to develop and market new or rede-
signed products or services.

Processing time: The time needed to produce goods or provide services. This can involve
scheduling, repairing equipment, methods used, inventories, quality, training, and the like.

Changeover time: The time needed to change from producing one type of product or
service to another. This may involve new equipment settings and attachments, different
methods, equipment, schedules, or materials.

Delivery time: The time needed to fill orders.

Response time for complaints: These might be customer complaints about quality,
timing of deliveries, and incorrect shipments. These might also be complaints from
employees about working conditions (e.g., safety, lighting, heat or cold), equipment
problems, or quality problems.

It is essential for marketing and operations personnel to collaborate on strategy formulation
in order to ensure that the buying criteria of the most important customers in each market
segment are addressed.
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TABLE 2.5

Organization strategies and
their implications for operations
management
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Agile operations is a strategic approach for competitive advantage that emphasizes the use
of flexibility to adapt and prosper in an environment of change. Agility involves a blending
of several distinct competencies such as cost, quality, and reliability along with flexibility.
Processing aspects of flexibility include quick equipment changeovers, scheduling, and inno-
vation. Product or service aspects include varying output volumes and product mix.

Successful agile operations requires careful planning to achieve a system that includes
people, flexible equipment, and information technology. Reducing the time needed to perform
work is one of the ways an organization can improve a key metric: productivity.

2.5 IMPLICATIONS OF ORGANIZATION
STRATEGY FOR OPERATIONS MANAGEMENT

Organization strategy has a major impact on operations and supply chain management strate-
gies. For example, organizations that use a low-cost, high-volume strategy limit the amount
of variety offered to customers. As a result, variations for operations and the supply chain
are minimal, so they are easier to deal with. Conversely, a strategy to offer a wide variety
of products or services, or to perform customized work, creates substantial operational and
supply chain variations and, hence, more challenges in achieving a smooth flow of goods
and services throughout the supply chain, thus making the matching of supply to demand
more difficult. Similarly, increasing service reduces the ability to compete on price. Table 2.5
provides a brief overview of variety and some other key implications.

2.6 TRANSFORMING STRATEGY INTO ACTION:
THE BALANCED SCORECARD

The Balanced Scorecard (BSC) is a top-down management system that organizations can use
to clarify their vision and strategy and transform them into action. It was introduced in the
early 1990s by Robert Kaplan and David Norton,® and it has been revised and improved

Organization Strategy Implications for Operations Management

Low price Requires low variation in products/services and a high-volume, steady flow
of goods results in maximum use of resources through the system.
Standardized work, material, and inventory requirements.

High quality Entails higher initial cost for product and service design, and process
design, and more emphasis on assuring supplier quality.

Quick response Requires flexibility, extra capacity, and higher levels of some
inventory items.

Newness/innovation Entails large investment in research and development for new or improved

products and services plus the need to adapt operations and supply
processes to suit new products or services.

Product or service variety Requires high variation in resource and more emphasis on product and
service design; higher worker skills needed, cost estimation more
difficult; scheduling more complex; quality assurance more involved;
inventory management more complex; and matching supply to demand
more difficult.

Sustainability Affects location planning, product and service design, process design,
outsourcing decisions, returns policies, and waste management.

3Robert S. Kaplan and David P. Norton, Balanced Scorecard: Translating Strategy into Action (Cambridge,
MA: Harvard Business School Press, 1996).
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since then. The idea was to move away from a purely financial perspective of the organization
and integrate other perspectives such as customers, internal business processes, and learn-
ing and growth. Using this approach, managers develop objectives, metrics, and targets for
each objective and initiatives to achieve objectives, and they identify links among the vari-
ous perspectives. Results are monitored and used to improve strategic performance results.
Figure 2.2 illustrates the conceptual framework of this approach. Many organizations employ
this or a similar approach.

As seen in Figure 2.2, the four perspectives are intended to balance not only financial
and nonfinancial performance, but also internal and external performance as well as past and
future performance. This approach can also help organizations focus on how they differ from
the competition in each of the four areas if their vision is realized. Table 2.6 has some exam-
ples of factors for key focal points.

Although the Balanced Scorecard helps focus managers’ attention on strategic issues and
the implementation of strategy, it is important to note that it has no role in strategy formulation.
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FIGURE 2.2
The Balanced Scorecard

Source: Reprinted with permission of
Harvard Business School Press from Rob-
ert Kaplan and David Norton, Balanced
Scorecard: Translating Strategy into Action.
Copyright © 1996 by the Harvard Business
School Publishing Corporation. All rights
reserved.

A major key to Apple’s
continued success is its ability
to keep pushing the boundaries
of innovation. Apple has
demonstrated how to create
growth by dreaming up products
so new and ingenious that they
have upended one industry after
another.
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TABLE 2.6
Balanced scorecard factors
examples

L02.6 Define the term
productivity and explain why it
is important to companies and
to countries.

Productivity A measure of
the effective use of resources,
usually expressed as the ratio of
output to input.
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Focal Point Factors

Suppliers Delivery performance
Quality performance
Number of suppliers
Supplier locations
Duplicate activities

Internal Processes Bottlenecks
Automation potential
Turnover

Employees Job satisfaction

Learning opportunities
Delivery performance

Customers Quality performance
Satisfaction
Retention rate

Moreover, this approach pays little attention to suppliers and government regulations, and
community, environmental, and sustainability issues are missing. These are closely linked,
and business organizations need to be aware of the impact they are having in these areas and
respond accordingly. Otherwise, organizations may be subject to attack by pressure groups
and risk damage to their reputation.

2.7 PRODUCTIVITY

One of the primary responsibilities of a manager is to achieve productive use of an organiza-
tion’s resources. The term productivity is used to describe this. Productivity is an index that
measures output (goods and services) relative to the input (labor, materials, energy, and other
resources) used to produce it. It is usually expressed as the ratio of output to input:

Output

Productivity = (2-1)

Input

Although productivity is important for all business organizations, it is particularly impor-
tant for organizations that use a strategy of low cost, because the higher the productivity, the
lower the cost of the output.

A productivity ratio can be computed for a single operation, a department, an organiza-
tion, or an entire country. In business organizations, productivity ratios are used for planning
workforce requirements, scheduling equipment, financial analysis, and other important tasks.

Productivity has important implications for business organizations and for entire nations.
For nonprofit organizations, higher productivity means lower costs; for profit-based organiza-
tions, productivity is an important factor in determining how competitive a company is. For
a nation, the rate of productivity growth is of great importance. Productivity growth is the
increase in productivity from one period to the next relative to the productivity in the preced-
ing period. Thus,

Current productivity — Previous productivity

Productivity growth = X 100 (2-2)

Previous productivity
For example, if productivity increased from 80 to 84, the growth rate would be

84 — 80
80

X100 = 5%
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Productivity can be enhanced

& Dy the use of robotic equipment.

Robots can operate for long
periods with consistent precision
and high speed. The Hyundai
Motor Company manufacturing
plant in Montgomery, Alabama,
uses robots for assembly work.

\ This $1.4 billion automotive

plant is one of the most

b, advanced assembly plants in

Productivity growth is a key factor in a country’s rate of inflation and the standard of
living of its people. Productivity increases add value to the economy while keeping inflation
in check. Productivity growth was a major factor in the long period of sustained economic
growth in the United States in the 1990s.

Computing Productivity

Productivity measures can be based on a single input (partial productivity), on more than
one input (multifactor productivity), or on all inputs (total productivity). Table 2.7 lists some
examples of productivity measures. The choice of productivity measure depends primarily on
the purpose of the measurement. If the purpose is to track improvements in labor productivity,
then labor becomes the obvious input measure.

Partial measures are often of greatest use in operations management. Table 2.8 provides
some examples of partial productivity measures.

The units of output used in productivity measures depend on the type of job performed.
The following are examples of labor productivity:

Yards of carpet installed

= Yards of carpet installed per labor hour
Labor hours

Number of motel rooms cleaned

= Number of motel rooms cleaned per worker
Number of workers

Partial measures Output Output Output Output
Labor Machine Capital Energy
Output Output

Multifactor measures

Labor + Machine Labor + Capital + Energy

Goods or services produced
Allinputs used to produce them

Total measure

North America.

TABLE 2.7
Some examples of different
types of productivity measures



TABLE 2.8
Some examples of partial
productivity measures

EXAMPLE 2
eXcel

mhhe.com/stevensoni2e

SOLUTION

EXAMPLE 3
eXcel

mhhe.com/stevenson12e
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Labor productivity Units of output per labor hour
Units of output per shift
Value-added per labor hour
Dollar value of output per labor hour

Machine productivity Units of output per machine hour
Dollar value of output per machine hour

Capital productivity Units of output per dollar input
Dollar value of output per dollar input

Energy productivity Units of output per kilowatt-hour
Dollar value of output per kilowatt-hour

Similar examples can be listed for machine productivity (e.g., the number of pieces per hour
turned out by a machine).

Determine the productivity for these cases:

a. Four workers installed 720 square yards of carpeting in eight hours.

b. A machine produced 70 pieces in two hours. However, two pieces were unusable.

Yards of carpet installed

a. Productivity =
Labor hours worked

720 square yards

4 workers X 8 hours/worker
720 yards

32 hours
22.5 yards/hour

Usable pieces

b.  Productivity = ————
Production time

70 — 2 = 68 usable pieces
2 hours
34 pieces/hour

Calculations of multifactor productivity measure inputs and outputs using a common unit
of measurement, such as cost. For instance, the measure might use cost of inputs and units of
the output:

Quantity of production (2-3)
Labor cost + Materials cost + Overhead

Note: The unit of measure must be the same for all factors in the denominator.

Determine the multifactor productivity for the combined input of labor and machine time
using the following data:

Output: 7,040 units
Input

Labor: $1,000
Materials: $520
Overhead: $2,000
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Output
Labor + Materials + Overhead
_ 7,040 units
$1,000 + $520 + $2,000

Multifactor productivity =

= 2 units per dollar input

Productivity measures are useful on a number of levels. For an individual department or
organization, productivity measures can be used to track performance over time. This allows
managers to judge performance and to decide where improvements are needed. For example,
if productivity has slipped in a certain area, operations staff can examine the factors used to
compute productivity to determine what has changed and then devise a means of improving
productivity in subsequent periods.

Productivity measures also can be used to judge the performance of an entire industry or
the productivity of a country as a whole. These productivity measures are aggregate measures.

In essence, productivity measurements serve as scorecards of the effective use of resources.
Business leaders are concerned with productivity as it relates to competitiveness: If two firms
both have the same level of output but one requires less input because of higher productivity,
that one will be able to charge a lower price and consequently increase its share of the mar-
ket. Or that firm might elect to charge the same price, thereby reaping a greater profit. Gov-
ernment leaders are concerned with national productivity because of the close relationship
between productivity and a nation’s standard of living. High levels of productivity are largely
responsible for the relatively high standards of living enjoyed by people in industrial nations.
Furthermore, wage and price increases not accompanied by productivity increases tend to cre-
ate inflationary pressures on a nation’s economy.

Advantages of domestic-based operations for domestic markets often include higher
worker productivity, better control of quality, avoidance of intellectual property losses, lower
shipping costs, political stability, low inflation, and faster delivery.

Why Productivity Matters READING

SOLUTION

It is sometimes easy to overlook the importance of productivity. National
figures are often reported in the media. They may seem to be ho-hum;
there’s nothing glamorous about them to get our attention. But make no
mistake; they are key economic indicators—barometers, if you will, that
affect everybody. How? High productivity and high standard of living go
hand-in-hand. If a country becomes more service-based, as the United
States has become, some (but not all) high-productivity manufacturing
jobs are replaced by lower-productivity service jobs. That makes it more
difficult to support a high standard of living.

Productivity levels are also important for industries and compa-
nies. For companies, a higher productivity relative to their competitors
gives them a competitive advantage in the marketplace. With a higher

productivity, they can afford to undercut competi-
tors’ prices to gain market share or charge the -
same prices but realize greater profits! For an industry, higher relative
productivity means it is less likely to be supplanted by foreign industry.

Questions

1. Why is high productivity important for a nation?

2. Why do you suppose that service jobs have lower productivity than
manufacturing jobs?

3. How can a company gain a competitive advantage by having higher
productivity than its competitors have?

Productivity in the Service Sector

Service productivity is more problematic than manufacturing productivity. In many situations,
it is more difficult to measure, and thus to manage, because it involves intellectual activities
and a high degree of variability. Think about medical diagnoses, surgery, consulting, legal
services, customer service, and computer repair work. This makes productivity improvements
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more difficult to achieve. Nonetheless, because service is becoming an increasingly large por-
tion of our economy, the issues related to service productivity will have to be dealt with. It is
interesting to note that government statistics normally do not include service firms.

A useful measure closely related to productivity is process yield. Where products are
involved, process yield is defined as the ratio of output of good product (i.e., defective product
is not included) to the quantity of raw material input. Where services are involved, process
yield measurement is often dependent on the particular process. For example, in a car rental
agency, a measure of yield is the ratio of cars rented to cars available for a given day. In educa-
tion, a measure for college and university admission yield is the ratio of student acceptances to
the total number of students approved for admission. For subscription services, yield is the ratio
of new subscriptions to the number of calls made or the number of letters mailed. However,
not all services lend themselves to a simple yield measurement. For example, services such as
automotive, appliance, and computer repair don’t readily lend themselves to such measures.

Dutch Tomato Growers’ Productivity Advantage

READING

Tomato growers in the Netherlands have a huge productivity advantage
over their competitors in Italy and Greece. Although those countries are
sun drenched while the Netherlands are anything but, computerized,
climate-controlled greenhouses, and a “soil” spun from basalt and chalk
that resembles cotton candy, allows for precise control of humidity and
nutrition, and enables growers to produce their crops year around. Grow-
ers in ltaly and Greece generally grow their crops outdoors or in unheated
greenhouses, and can only manage two crops a year. Dutch growers
are able to achieve yields that are about ten times per square yard of

many farmers in other countries do. That enables
Dutch growers to more closely match supply with
supermarket demand. Finally, the Dutch tomato has been engineered to
achieve a firmness that allows growers to harvest and ship tomatoes at
their peak, while the “outdoor” farmers typically need to harvest their
tomatoes before they are fully ripe to allow for firmness during shipping.

Questions
1. What factors enable Dutch tomato growers to achieve much higher

those of Italian and Greek growers. And the Dutch have a supply chain
advantage: an integrated Dutch trading company works closely with
supermarket chains in Europe and suppliers around the world, so farmers
are able to sell their output in high volume, rather than locally the way

productivity than the Italian and Greek growers?
2. Discuss the importance of the Dutch growers’ supply chain.

Source: Based on “Tomato,” Time, March 25, 2013, pp. 9-14.

Factors That Affect Productivity

Numerous factors affect productivity. Generally, they are methods, capital, quality, technol-
ogy, and management.

A commonly held misconception is that workers are the main determinant of productivity.
According to that theory, the route to productivity gains involves getting employees to work
harder. However, the fact is that many productivity gains in the past have come from techno-
logical improvements. Familiar examples include

L02.7 Describe several factors
that affect productivity.

Fax machines Automation GPS devices

Copiers Calculators Smart phones

The Internet, search engines Computers Apps

Voice mail, cellular phones E-mail 3-D printing
Software Medical imaging

However, technology alone won’t guarantee productivity gains; it must be used wisely and
thoughtfully. Without careful planning, technology can actually reduce productivity, espe-
cially if it leads to inflexibility, high costs, or mismatched operations. Another current produc-
tivity pitfall results from employees’ use of computers or smart phones for nonwork-related
activities (playing games or checking stock prices or sports scores on the Internet or smart
phones, and texting friends and relatives). Beyond all of these is the dip in productivity that
results while employees learn to use new equipment or procedures that will eventually lead to
productivity gains after the learning phase ends.
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Other factors that affect productivity include the following:

Standardizing processes and procedures wherever possible to reduce variability can
have a significant benefit for both productivity and quality.

Quality differences may distort productivity measurements. One way this can happen
is when comparisons are made over time, such as comparing the productivity of a fac-

tory now with one 30 years ago. Quality is now much higher than it was then, but there
is no simple way to incorporate quality improvements into productivity measurements.

Use of the Internet can lower costs of a wide range of transactions, thereby increasing
productivity. It is likely that this effect will continue to increase productivity in the fore-
seeable future.

Computer viruses can have an immense negative impact on productivity.
Searching for lost or misplaced items wastes time, hence negatively affecting productivity.

Scrap rates have an adverse effect on productivity, signaling inefficient use of
resources.

New workers tend to have lower productivity than seasoned workers. Thus, growing
companies may experience a productivity lag.

Safety should be addressed. Accidents can take a toll on productivity.

A shortage of technology-savvy workers hampers the ability of companies to update com-
puting resources, generate and sustain growth, and take advantage of new opportunities.

Layoffs often affect productivity. The effect can be positive and negative. Initially, pro-
ductivity may increase after a layoff, because the workload remains the same but fewer
workers do the work—although they have to work harder and longer to do it. However,
as time goes by, the remaining workers may experience an increased risk of burnout,
and they may fear additional job cuts. The most capable workers may decide to leave.

Labor turnover has a negative effect on productivity; replacements need time to get up
to speed.

Design of the workspace can impact productivity. For example, having tools and other
work items within easy reach can positively impact productivity.

Incentive plans that reward productivity increases can boost productivity.

And there are still other factors that affect productivity, such as equipment breakdowns and
shortages of parts or materials. The education level and training of workers and their health
can greatly affect productivity. The opportunity to obtain lower costs due to higher productiv-
ity elsewhere is a key reason many organizations turn to outsourcing. Hence, an alternative to
outsourcing can be improved productivity. Moreover, as a part of their strategy for quality, the
best organizations strive for continuous improvement. Productivity improvements can be an
important aspect of that approach.

Improving Productivity

A company or a department can take a number of key steps toward improving productivity:

1. Develop productivity measures for all operations. Measurement is the first step in man-
aging and controlling an operation.

2. Look at the system as a whole in deciding which operations are most critical. It is overall
productivity that is important. Managers need to reflect on the value of potential pro-
ductivity improvements before okaying improvement efforts. The issue is effectiveness.
There are several aspects of this. One is to make sure the result will be something custom-
ers want. For example, if a company is able to increase its output through productivity
improvements, but then is unable to sell the increased output, the increase in productiv-
ity isn’t effective. Second, it is important to adopt a systems viewpoint: A productivity
increase in one part of an operation that doesn’t increase the productivity of the system
would not be effective. For example, suppose a system consists of a sequence of two
operations, where the output of the first operation is the input to the second operation, and
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each operation can complete its part of the process at a rate of 20 units per hour. If the
productivity of the first operation is increased, but the productivity of the second opera-
tion is not, the output of the system will still be 20 units per hour.

3. Develop methods for achieving productivity improvements, such as soliciting ideas
from workers (perhaps organizing teams of workers, engineers, and managers), studying
how other firms have increased productivity, and reexamining the way work is done.

Establish reasonable goals for improvement.

5. Make it clear that management supports and encourages productivity improvement.
Consider incentives to reward workers for contributions.

6. Measure improvements and publicize them.

Don’t confuse productivity with efficiency. Efficiency is a narrower concept that pertains to
getting the most out of a fixed set of resources; productivity is a broader concept that pertains
to effective use of overall resources. For example, an efficiency perspective on mowing a lawn
given a hand mower would focus on the best way to use the hand mower; a productivity per-
spective would include the possibility of using a power mower.

Productivity Improvement READING

Stryker Howmedica set up a team to improve the running of its packag-
ing line. A strategy focus on productivity improvement was used. The
team adopted an approach based on the production system of Toyota.
The goal was to satisfy the customer expectations for delivery and qual-
ity, while achieving gains in productivity. After the team identified needs
and set objectives, a number of improvements were implemented. A
one-piece flow was established that reduced bottlenecks in the flow of

devices through a clean room and the total time
spent blister sealing devices was lowered. Within -
a short time, productivity nearly doubled from 36 devices per hour to
60 devices per hour, work-in-progress inventory fell, and a 10 percent
reduction in the standard cost of product was achieved.

Source: Based on Lauraine Howley, “A Strategy for Company Improvement,”
Medical Device Technology 11, no. 2 (March 2000), p. 33.

Competition is the driving force in many organizations. It may involve price, quality, special features or
services, time, or other factors. To develop effective strategies for business, it is essential for organiza-
tions to determine what combinations of factors are important to customers, which factors are order
qualifiers, and which are order winners.

It is essential that goals and strategies be aligned with the organization’s mission. Strategies are
plans for achieving organizational goals. They provide focus for decision making. Strategies must take
into account present and future customer wants, as well as the organization’s strengths and weaknesses,
threats and opportunities. These can run the gamut from what competitors are doing, or are likely to do,
to technology, supply chain management, and e-business. Organizations generally have overall strate-
gies that pertain to the entire organization and strategies that pertain to each of the functional areas.
Functional strategies are narrower in scope and should be linked to overall strategies. Time-based strat-
egies and quality-based strategies are among the most widely used strategies business organizations
employ to serve their customers and to become more productive. The chapter includes a description of
the Balanced Scorecard approach, which can be helpful for transforming strategies into actions, and the
implications of organization strategy for operations management.

Productivity is a measure of the use of resources. There is considerable interest in productivity both
from an organizational standpoint and from a national standpoint. Business organizations want higher
productivity because it yields lower costs and helps them to become more competitive. Nations want
higher productivity because it makes their goods and services more attractive, offsets inflationary pres-
sures associated with higher wages, and results in a higher standard of living for their people.

SUMMARY

1. Competitive pressure often means that business organizations must frequently assess their competi-
tors’ strengths and weaknesses, as well as their own, to remain competitive.

KEY POINTS

2. Strategy formulation is critical because strategies provide direction for the organization, so they can
play a role in the success or failure of a business organization.
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3. Functional strategies and supply chain strategies need to be aligned with the goals and strategies of
the overall organization.

4. The three primary business strategies are low cost, responsiveness, and differentiation.

5. Productivity is a key factor in the cost of goods and services. Increases in productivity can become
a competitive advantage.

6. High productivity is particularly important for organizations that have a strategy of low costs.

competitiveness, 42 mission statement, 44 quality-based strategy, 53 KEY TERMS
core competencies, 46 operations strategy, 51 strategies, 44
environmental scanning, 48 order qualifiers, 48 SWOT, 47
goals, 44 order winners, 48 tactics, 45
mission, 44 productivity, 56 time-based strategy, 53
NN SOLVED PROBLEMS

A company that processes fruits and vegetables is able to produce 400 cases of canned peaches in Problem 1

one-half hour with four workers. What is labor productivity?

Quantity produced _ 400 cases

Labor productivity

Labor hours 4 workers X 1/2hour/worker
200 cases per labor hour

A wrapping-paper company produced 2,000 rolls of paper one day. Labor cost was $160, material
cost was $50, and overhead was $320. Determine the multifactor productivity.

Quantity produced
Labor cost + Material cost + Overhead

= 2,000 rolls = 3.77 rolls per dollar input
$160 + $50 + $320

Multifactor productivity

A variation of the multifactor productivity calculation incorporates the standard price in the numera-
tor by multiplying the units by the standard price.

Compute the multifactor productivity measure for an eight-hour day in which the usable output was
300 units, produced by three workers who used 600 pounds of materials. Workers have an hourly
wage of $20, and material cost is $1 per pound. Overhead is 1.5 times labor cost.

. .. Usable output
Multifactor productivity = sable outpu

Labor cost + Material cost + Overhead cost
300 units

eXcel

mhhe.com/stevensoni2e

Solution

Problem 2
eXcel

mhhe.com/stevensoni2e

Solution

Problem 3
eXcel

mhhe.com/stevensoni2e

Solution

(3 workers X 8 hours X $20/hour) + (600 pounds X $1/pound) +
(3 workers X 8 hours X $20/hour X 1.50)

_ 300 units
$480 + $600 + $720
= .167 units of output per dollar of input




64 Chapter Two Competitiveness, Strategy, and Productivity

Problem 4 A health club has two employees who work on lead generation. Each employee works 40 hours a
week, and is paid $20 an hour. Each employee identifies an average of 400 possible leads a week

exce’ from a list of 8,000 names. Approximately 10 percent of the leads become members and pay a one-
mhhe.com/stevensoni2e time fee of $100. Material costs are $130 per week, and overhead costs are $1,000 per week. Calcu-

late the multifactor productivity for this operation in fees generated per dollar of input.

Solution MEP — (Possible leads)(No. of workers)(Fee)(Conversion percentage)
B Labor cost + Material cost + Overhead cost

(400)(2)($100)(.10) _$8,000

2(40)($20) + $130 + $1,000  $2,730

=293

DISCUSSION 1. From time to time, various groups clamor for import restrictions or tariffs on foreign-produced
AND REVIEW goods, particularly automobiles. How might these be helpful? Harmful?

QUESTIONS

. List the key ways that organizations compete.

. Explain the importance of identifying and differentiating order qualifiers and order winners.
. Select two stores you shop at, and state how they compete.

. What is the Balanced Scorecard and how is it useful?

. Contrast the terms strategies and tactics.

. Contrast organization strategy and operations strategy.

. Explain the term time-based strategies and give three examples.

O 0 N AN L B W

. Productivity should be a concern of every business organization.
a. How is productivity defined?
b. How are productivity measures used?
c. Why is productivity important?
d. What part of the organization has primary responsibility for productivity?
e. How is efficiency different from productivity?

10. List some factors that can affect productivity and some ways that productivity can be improved.

11. It has been said that a typical Japanese automobile manufacturer produces more cars with fewer
workers than its U.S. counterpart. What are some possible explanations for this, assuming that
U.S. workers are as hardworking as Japanese workers?

12. Boeing’s strategy appears to focus on its 777 midsize plane’s ability to fly into smaller, nonhub
airports. Rival European Airbus’s strategy appears to focus on large planes. Compare the advan-
tages and disadvantages of these two strategies.

13. Name 10 ways that banks compete for customers.

14. Explain the rationale of an operations strategy that seeks to increase the opportunity for use of
technology by reducing variability in processing requirements.

15. Identify two companies that have time-based strategies, and two that have quality-based strategies.

TAKING STOCK 1. Who needs to be involved in formulating organizational strategy?

2. Name some of the competitive trade-offs that might arise in a fast-food restaurant.

3. How can technology improve
a. Competitiveness?
b. Productivity?
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. In the past there was concern about a “productivity paradox” related to IT services. More recently,
there have been few references to this phenomenon. Using the Internet, explain the term “productiv-
ity paradox.” Why do you think that the discussion of that topic has faded?

. A U.S. company has two manufacturing plants, one in the United States and one in another country.
Both produce the same item, each for sale in their respective countries. However, their productivity
figures are quite different. The analyst thinks this is because the U.S. plant uses more automated
equipment for processing while the other plant uses a higher percentage of labor. Explain how that
factor can cause productivity figures to be misleading. Is there another way to compare the two
plants that would be more meaningful?

. While it is true that increases in efficiency generate productivity increases, it is possible to get
caught in an “efficiency improvement trap.” Explain what this means.

. It is common knowledge that Sam’s boss Dom has been fudging the weekly productivity figures.
Several employees, including Sam, have spoken to him about this, but he continues to do it. Sam
has observed a drop in morale among his coworkers due to this. Sam is thinking about sending an
anonymous note to Dom’s boss. Would that be ethical? What would you do if you were Sam?

. Give two examples of what would be considered unethical involving competition and the ethical
principles (see Chapter 1) that would be violated.

. A catering company prepared and served 300 meals at an anniversary celebration last week using
eight workers. The week before, six workers prepared and served 240 meals at a wedding reception.
a. For which event was the labor productivity higher? Explain.

b. What are some possible reasons for the productivity differences?

. The manager of a crew that installs carpeting has tracked the crew’s output over the past several
weeks, obtaining these figures:

Week Crew Size Yards Installed

96
72
92
50
69
52

(o S N N
N W NN BRWwWw s

Compute the labor productivity for each of the weeks. On the basis of your calculations, what can
you conclude about crew size and productivity?

. Compute the multifactor productivity measure for each of the weeks shown for production of choc-
olate bars. What do the productivity figures suggest? Assume 40-hour weeks and an hourly wage of
$12. Overhead is 1.5 times weekly labor cost. Material cost is $6 per pound.

Week Output (units) Workers Material (Ibs)
1 30,000 6 450
2 33,600 7 470
3 32,200 7 460
4 35,400 8 480

. A company that makes shopping carts for supermarkets and other stores recently purchased some

new equipment that reduces the labor content of the jobs needed to produce the shopping carts.

Prior to buying the new equipment, the company used five workers, who produced an average of

80 carts per hour. Workers receive $10 per hour, and machine cost was $40 per hour. With the new

equipment, it was possible to transfer one of the workers to another department, and equipment cost

increased by $10 per hour while output increased by four carts per hour.

a. Compute labor productivity under each system. Use carts per worker per hour as the measure of
labor productivity.

b. Compute the multifactor productivity under each system. Use carts per dollar cost (labor plus
equipment) as the measure.

c. Comment on the changes in productivity according to the two measures, and on which one you
believe is the more pertinent for this situation.

CRITICAL
THINKING
EXERCISES

PROBLEMS
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. An operation has a 10 percent scrap rate. As a result, 72 pieces per hour are produced. What is the

potential increase in labor productivity that could be achieved by eliminating the scrap?

. A manager checked production records and found that a worker produced 160 units while working

40 hours. In the previous week, the same worker produced 138 units while working 36 hours. Did
the worker’s productivity increase, decrease, or remain the same? Explain.

. The following table shows data on the average number of customers processed by several bank

service units each day. The hourly wage rate is $25, the overhead rate is 1.0 times labor cost, and
material cost is $5 per customer.

Customers
Unit Employees Processed/Day
A 4 36
B 5 40
C 8 60
D 3 20

a. Compute the labor productivity and the multifactor productivity for each unit. Use an eight-hour
day for multifactor productivity.

b. Suppose a new, more standardized procedure is to be introduced that will enable each employee
to process one additional customer per day. Compute the expected labor and multifactor produc-
tivity rates for each unit.

. A property title search firm is contemplating using online software to increase its search productiv-

ity. Currently an average of 40 minutes is needed to do a title search. The researcher cost is $2 per
minute. Clients are charged a fee of $400. Company A’s software would reduce the average search
time by 10 minutes, at a cost of $3.50 per search. Company B’s software would reduce the average

search time by 12 minutes at a cost of $3.60 per search. Which option would have the higher pro-
ductivity in terms of revenue per dollar of input?

9. A company offers ID theft protection using leads obtained from client banks. Three employees
work 40 hours a week on the leads, at a pay rate of $25 per hour per employee. Each employee
identifies an average of 3,000 potential leads a week from a list of 5,000. An average of 4 percent
actually sign up for the service, paying a one-time fee of $70. Material costs are $1,000 per week,
and overhead costs are $9,000 per week. Calculate the multifactor productivity for this operation in
fees generated per dollar of input.

An American Tragedy: How a Good Company Died CASE (\; \/
Zachary Schiller company is a refreshing change from academic

The Rust Belt is back. So say bullish observers as U.S. exports surge,
long-moribund industries glow with newfound profits, and unemploy-
ment dips to lows not seen in a decade. But in the smokestack citadels,
there’s disquiet. Too many machine-tool and auto parts factories are
silent; too many U.S. industries still can’t hold their own.

What went wrong since the heyday of the 1960s? That’s the issue
Max Holland, a contributing editor of The Nation, takes up in his nutsy-
boltsy but fascinating study, When the Machine Stopped.*

The focus of the story is Burgmaster Corp., a Los Angeles—area
machine-tool maker founded in 1944 by Czechoslovakian immigrant
Fred Burg. Holland’s father worked there for 29 years, and the author
interviewed 22 former employees. His shop-floor view of this small

*Max Holland, When the Machine Stopped: A Contemporary Tale from Industrial
America (Boston: Harvard Business School Press, 1988).

treatises on why America can’t compete.

The discussions of spindles and numerical control can be tough
going. But Holland compensates by conveying the excitement and inno-
vation of the company’s early days and the disgust and cynicism accom-
panying its decline. Moreover, the fate of Burgmaster and its brethren is
crucial to the U.S. industrial economy: Any manufactured item is either
made by a machine tool or by a machine made by a machine tool.

Producing innovative turret drills used in a wide variety of metal
working tasks, Burgmaster was a thriving enterprise by 1965, when
annual sales amounted to about $8 million. The company needed
backing to expand, however, so it sold out to Buffalo-based conglom-
erate Houdaille Industries Inc. Houdaille was in turn purchased in a
1979 leveraged buyout (LBO) led by Kohlberg Kravis Roberts & Co. By
1982, when debt, competition, and a sickly machine-tool market had

(continued)



Chapter Two Competitiveness, Strategy, and Productivity

(continued)

battered Burgmaster badly, Houdaille went to Washington with a peti-
tion to withhold the investment tax credit for certain Japanese-made
machine tools.

Thanks to deft lobbying, the Senate passed a resolution supporting
Houdaille’s position, but President Reagan refused to go along. Houdai-
lle’s subsequent attempt to link Burgmaster up with a Japanese rival
also failed, and Burgmaster was closed.

Holland uses Burgmaster’s demise to explore some key issues
of economic and trade policy. Houdaille’s charge that a cartel led by
the Japanese government had injured U.S. toolmakers, for example,
became a rallying point for those who would blame a fearsome Japan
Inc. for the problems of U.S. industry.

Holland describes the Washington wrangling over Houdaille in
painful detail. But he does show that such government decisions are
often made without much knowledge of what’s going on in industry. He
shows, too, that Japanese producers succeeded less because of gov-
ernment help than because they made better, cheaper machines.

For those who see LBOs as a symptom of what ails the U.S. econ-
omy, Holland offers plenty of ammunition. He argues persuasively that
the LBO crippled Burgmaster by creating enormous pressure to gener-
ate cash. As Burgmaster pushed its products out as fast as possible, he
writes, it routinely shipped defective machines. It promised customers
features that engineers hadn’t yet designed. And although KKR disputes
the claim, Holland concludes that the LBO choked off Burgmaster’s
investment funds just when foreign competition made them most nec-
essary. As for Houdaille, it was recapitalized and sold to Britain’s Tube
Investments Group.

But Burgmaster’s problems had started even before the LBO. Hol-
land’s history of the company under Houdaille is a veritable catalog
of modern management techniques that flopped. One of the most
disastrous was a system for computerizing production scheduling
that was too crude for complex machine-tool manufacturing. Holland

Home-Style Cookies

The Company

The baking company is located in a small town in New York State. The
bakery is run by two brothers. The company employs fewer than 200
people, mainly blue-collar workers, and the atmosphere is informal.

The Product

The company’s only product is soft cookies, of which it makes over
50 varieties. Larger companies, such as Nabisco, Sunshine, and
Keebler, have traditionally produced biscuit cookies, in which most of
the water has been baked out, resulting in crisp cookies. The cook-
ies have no additives or preservatives. The high quality of the cook-
ies has enabled the company to develop a strong market niche for
its product.

67

gives a dramatic depiction of supply snafus that resulted in delays and
cost increases.

As an independent company, “Burgmaster thrived because the
Burgs knew their business,” Holland writes. Their departure under Hou-
daille was followed by an “endless and ultimately futile search for a
better formula.” But, he concludes: “No formula was a substitute for
management involvement on the shop floor.”

In the end, however, Holland puts most of the blame for the indus-
try’s decline on government policy. He targets tax laws and macro-
economic policies that encourage LBOs and speculation instead of
productive investment. He also criticizes Pentagon procurement policies
for favoring exotic, custom machines over standard, low-cost models.
This adds up to an industrial policy, Holland writes—a bad one.

The point is well taken, but Holland gives it excessive weight. Like
their brethren in Detroit and Pittsburgh, domestic tool-makers in the
1970s were too complacent when imports seized the lower end of the
product line. The conservatism that had for years served them in their
cyclical industry left them ill-prepared for change. Even now some of
the largest U.S. tool-makers are struggling to restructure. Blame the
government, yes. But blame the industry, too.

Questions

1. Write a brief report that outlines the reasons (both internal and
external) for Burgmaster’s demise, and whether operations man-
agement played a significant role in the demise.

2. Do you think that inadequate strategic planning was a factor that
resulted in the company’s asking for trade protection?

3. Can you think of a strategy that could have increased Burgmaster’s
chance of survival? Explain why you think that strategy would have
been effective.

Source: Reprinted from April 17, 1989, issue of BusinessWeek by special per-
mission, copyright © 1989 by The McGraw-Hill Companies.

CASE (

A\

The Customers

The cookies are sold in convenience stores and super-

markets throughout New York, Connecticut, and New Jersey. The company
markets its cookies as “good food”—no additives or preservatives—and
this appeals to a health-conscious segment of the market. Many custom-
ers are over 45 years of age, and prefer a cookie that is soft and not too
sweet. Parents with young children also buy the cookies.

The Production Process

The company has two continuous band ovens that it uses to bake the cook-
ies. The production process is called a batch processing system. It begins
as soon as management gets orders from distributors. These orders are

(continued)
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used to schedule production. At the start of each shift, a list of the cook-
ies to be made that day is delivered to the person in charge of mixing.
That person checks a master list, which indicates the ingredients needed
for each type of cookie, and enters that information into the computer.
The computer then determines the amount of each ingredient needed,
according to the quantity of cookies ordered, and relays that information
to storage silos located outside the plant where the main ingredients (flour,
sugar, and cake flour) are stored. The ingredients are automatically sent to
giant mixing machines where the ingredients are combined with proper
amounts of eggs, water, and flavorings. After the ingredients have been
mixed, the batter is poured into a cutting machine where it is cut into indi-
vidual cookies. The cookies are then dropped onto a conveyor belt and
transported through one of two ovens. Filled cookies, such as apple, date,
and raspberry, require an additional step for filling and folding.

The nonfilled cookies are cut on a diagonal rather than round. The
diagonal-cut cookies require less space than straight-cut cookies,
and the result is a higher level of productivity. In addition, the com-
pany recently increased the length of each oven by 25 feet, which also
increased the rate of production.

As the cookies emerge from the ovens, they are fed onto spiral cool-
ing racks 20 feet high and 3 feet wide. As the cookies come off the
cooling racks, workers place the cookies into boxes manually, removing
any broken or deformed cookies in the process. The boxes are then
wrapped, sealed, and labeled automatically.

Inventory

Most cookies are loaded immediately onto trucks and shipped to dis-
tributors. A small percentage are stored temporarily in the company’s
warehouse, but they must be shipped shortly because of their limited
shelf life. Other inventory includes individual cookie boxes, shipping
boxes, labels, and cellophane for wrapping. Labels are reordered fre-
quently, in small batches, because FDA label requirements are subject
to change, and the company does not want to get stuck with labels it
can’t use. The bulk silos are refilled two or three times a week, depend-
ing on how quickly supplies are used.

Cookies are baked in a sequence that minimizes downtime for
cleaning. For instance, light-colored cookies (e.g., chocolate chip) are
baked before dark-colored cookies (e.g., fudge), and oatmeal cookies
are baked before oatmeal raisin cookies. This permits the company to
avoid having to clean the processing equipment every time a different
type of cookie is produced.

Quality

The bakery prides itself on the quality of its cookies. Cookies are sampled
randomly by a quality control inspector as they come off the line to assure
that their taste and consistency are satisfactory, and that they have been
baked to the proper degree. Also, workers on the line are responsible for
removing defective cookies when they spot them. The company has also
installed an X-ray machine on the line that can detect small bits of metal
filings that may have gotten into cookies during the production process.
The use of automatic equipment for transporting raw materials and mix-
ing batter has made it easier to maintain a sterile process.
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Scrap

The bakery is run very efficiently and has minimal amounts of scrap.
For example, if a batch is mixed improperly, it is sold for dog food. Bro-
ken cookies are used in the oatmeal cookies. These practices reduce
the cost of ingredients and save on waste disposal costs. The com-
pany also uses heat reclamation: The heat that escapes from the two
ovens is captured and used to boil the water that supplies the heat
to the building. Also, the use of automation in the mixing process has
resulted in a reduction in waste compared with the manual methods
used previously.

New Products

Ideas for new products come from customers, employees, and observa-
tions of competitors’ products. New ideas are first examined to deter-
mine whether the cookies can be made with existing equipment. If so, a
sample run is made to determine the cost and time requirements. If the
results are satisfactory, marketing tests are conducted to see if there is
a demand for the product.

Potential Improvements

There are a number of areas of potential improvement at the bakery.
One possibility would be to automate packing the cookies into boxes.
Although labor costs are not high, automating the process might save
some money and increase efficiency. So far, the owners have resisted
making this change because they feel an obligation to the community
to employ the 30 women who now do the boxing manually. Another
possible improvement would be to use suppliers who are located closer
to the plant. That would reduce delivery lead times and transportation
costs, but the owners are not convinced that local suppliers could pro-
vide the same good quality. Other opportunities have been proposed in
recent years, but the owners rejected them because they feared that the
quality of the product might suffer.

Questions

1. Briefly describe the cookie production process.

2. What are two ways that the company has increased productiv-
ity? Why did increasing the length of the ovens result in a faster
output rate?

3. Do you think that the company is making the right decision by not
automating the packing of cookies? Explain your reasoning. What
obligation does a company have to its employees in a situation such
as this? What obligation does it have to the community? Is the size
of the town a factor? Would it make a difference if the company was
located in a large city? Is the size of the company a factor? What if it
were a much larger company?

4. What factors cause the company to carry minimal amounts of cer-
tain inventories? What benefits result from this policy?

5. As a consumer, what things do you consider in judging the quality of
cookies you buy in a supermarket?

6. What advantages and what limitations stem from the company’s not
using preservatives in cookies?

7. Briefly describe the company’s strategy.
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1. What competitive advantage does Hazel have over a professional
lawn care service?

2. Hazel would like to increase her profits, but she doesn’t believe that
it would be wise to raise her prices considering the current state of
the local economy. Instead, she has given some thought to increas-
ing productivity.

a. Explain how increased productivity could be an alternative to
increased prices.
b. What are some ways that Hazel could increase productivity?

3. Hazel is thinking about the purchase of new equipment. One would
be power sidewalk edgers. She believes edgers will lead to an
increase in productivity. Another would be a chain saw, which would
be used for tree pruning. What trade-offs should she consider in
her analysis?

“Your Garden Gloves”

Joseph Murray, Grand Valley State University
“Your Garden Gloves” is a small gardening business located in Michigan.
The company plants and maintains flower gardens for both commercial
and residential clients. The company was founded about five years ago,
and has since grown substantially, averaging about 10 new clients and
one new employee a year. The company currently employs eight sea-
sonal employees who are responsible for a certain number of clients.
Each morning crews are assigned to jobs by the owner. Crew sizes
range from two to four workers. Crew size and composition are a func-
tion of the square footage of the garden and requirements of the job.
The owner feels that large jobs should be assigned to crews of four
workers in order to complete the job in a reasonable amount of time.
From time to time, the owner noticed that some jobs, especially the
largest ones, took longer than she had estimated, based on the square
footage of the garden space involved. The owner’s son, Joe, decided to
investigate. He kept records of job times and crew sizes, and then used
those records to compute labor productivity. The results were:

Crew Size Average Productivity per Crew
2 4,234 square feet per day
B3] 5,352 square feet per day
4 7,860 square feet per day

CASE (\4 (&

4. Hazel has been fairly successful in her neigh-
borhood, and now wants to expand to other
neighborhoods, including some that are five miles away. What would
be the advantages and disadvantages of doing this?

5. Hazel does not have a mission statement or a set of objectives. Take
one of the following positions and defend it:

a. Hazel doesn’t need a formal mission statement and objectives.
Many small businesses don’t have them.

b. She definitely needs a mission statement and a set of objectives.
They would be extremely beneficial.

¢. There may be some benefit to Hazel’s business, and she should
consider developing one.

CASE (\4 (G

The company operates on a small profit mar-
gin, so it is especially important to take worker
productivity into account.

Questions

1. Which crew size had the highest productivity per worker? Which
crew size had the lowest productivity per worker? What are some
possible explanations for these results?

2. After a recent storm, a customer called in a panic, saying that she
had planned a garden party for the upcoming weekend and her gar-
den was in shambles. The owner decided to send a crew of four
workers, even though a two-worker crew would have a higher pro-
ductivity. Explain the rationale for this decision.

3. What is a possible qualitative issue that may very well influence
productivity levels that the productivity ratios fail to take into
account?
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The U.S. Postal Service OPERATIONS TOUR -~ 5"}

“Neither rain, nor snow . . .”

The U.S. Postal Service (USPS) is the largest postal service in the world,
handling about 41 percent (630 million pieces a day) of the world’s
mail volume. The second largest is Japan’s, which handles only about
6 percent of the world’s mail. The USPS is huge by any standard. It
employs over 760,000 workers, making it the largest civilian employer
in the United States. It has over 300,000 mail collection boxes, 38,000
post offices, 130 million mail delivery points, more than 300 processing
plants to sort and ship mail, and more than 75,000 pieces of mail pro-
cessing equipment. It handles over 100 billion pieces of first-class mail
a year, and ships about 3 billion pounds of mail on commercial airline
flights, making it the airlines’ largest shipper.

Processing First-Class Mail

The essence of processing the mail is sorting, which means organizing
the mail into smaller and smaller subgroups to facilitate its timely deliv-
ery. Sorting involves a combination of manual and automatic operations.
Much of the mail that is processed is first-class mail.

Most first-class mail is handled using automated equipment. A small
portion that cannot be handled by automated equipment must be sorted
by hand, just the way it was done in colonial times.

The majority of first-class mail begins at the advanced facer
canceling system. This system positions each letter so that it is face
up, with the stamp in the upper corner, checks to see if the address
is handwritten, and pulls the hand-addressed letters off the line. It
also rejects letters that have the stamp covered by tape, have no
postage, are third-class mail, or have meter impressions that are
too light to read. The rejects are handled manually. The remaining
letters are cancelled and date stamped, and then sorted to one of
seven stackers.

Next the letters go to the multiline optical character readers,
which can handle both printed and pre—bar-coded mail, but not hand-
addressed mail. The optical reader sprays a bar code on the mail that
hasn’'t been pre-bar-coded, which represents up to an 11-digit zip
code. For hand-addressed mail, a camera focuses on the front of the
letter, and the image is displayed on a remote terminal, often in another
city, where an operator views the image and provides the information
that the optical readers could not determine so that a bar code can
be added.

Bar-code readers then sort the mail into one of 96 stackers, doing
this at a rate of more than 500 a minute. The mail goes through another
sort using manually controlled mechanical equipment. At that point, the
mail is separated according to whether it is local or out-of-town mail.
The out-of-town mail is placed into appropriate sacks according to its
destination, and moved to the outgoing send area where it will be loaded
on trucks.

The local mail is moved to another machine that not only sorts the
mail into local carrier delivery routes, it sorts it according to delivery
walk sequence!

Small parcels, bundles of letters, and bundles of flats are sorted by
a bundle-sorting machine.
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Productivity

Over the years, the USPS has experienced an ever-

increasing volume of mail. Productivity has been an important factor
for the USPS in keeping postal rates low and maintaining rapid deliv-
ery service. Two key factors in improved productivity have been the
increased use of automation and the introduction of zip codes.

Mail processing underwent a major shift to mechanization during
the 1950s and 1960s, which led to more rapid processing and higher
productivity. In 1978, an expanded zip code was introduced. That was
followed in 1983 by a four-digit expansion in zip codes. These changes
required new, automated processing equipment, and the use of bar
codes and optical readers. All of these changes added greatly to pro-
ductivity. But even with these improvements, the USPS faced increasing
competitive pressures.

Competition

In the late 1980s, the USPS experienced a slowdown in the volume of
mail. Some of this was due to a slowing of the economy, but most of it was
the result of increasing competition. Delivery giants FedEx and UPS, as
well as other companies that offer speedy delivery and package tracking,
gave businesses and the general public convenient alternatives for some
mail services. At the same time, there was a growing use of fax machines
and electronic communications and increased use of alternate forms of
advertising such as cable TV, all of which cut into the volume of mail. Early
in this century, e-mail and automated bill paying also cut into mail volume.

Strategies and Tactics Used to Make
the Postal Service More Competitive

To meet these challenges, the USPS developed several strategies to
become more competitive. These included reorganizing, continuing to
seek ways to keep costs down, increasing productivity, and emphasiz-
ing quality and customer service. Here is an overview of the situation
and the strategies and tactics used by the USPS.

The USPS began working more closely with customers to identify better
ways to meet their needs and expanded customer conveniences such as
stamps on consignment. With the help of business mailers, the USPS con-
tinued support for rates reflecting customer work-sharing features, many
tied to automation, to give customers more flexibility. At the same time,
the USPS began forming Customer Advisory Councils—groups of citizens
who volunteered to work with local postal management on postal issues
of interest to the community. In 1990, the USPS awarded two contracts to
private firms to measure first-class mail service and customer satisfac-
tion. In 1992, the USPS stepped up its quest to become more competitive
by reducing bureaucracy and overhead in order to improve service and
customer satisfaction, and to reduce the need to increase postage rates.

To help accomplish these goals, the USPS underwent a reorganiza-
tion. Layers of management were eliminated and overhead positions
were cut by about 30,000. Five regions and 73 field divisions were
replaced by 10 areas, each with a manager for customer services and
a manager for processing and distribution. Ten customer service areas
were established, with managers for customer service and processing
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and distribution in each area, as well as a marketing and sales office.
The new structure allowed postal managers to be focused, improved
communications, and empowered employees to meet customer needs.
The USPS also took other steps to improve service. In 1993 it imple-
mented improvements in processing and mail delivery at major postal
facilities, expanded retail hours, and developed a more user-friendly
Domestic Mail Manual. In cooperation with business customers, the
USPS began to develop new services to meet specific mailer needs

United States
Postal Service

11.1% reduction in 2011 and on track

Scope 3 GHG Emission Reduction Target

5% reduction in 2011 and on track

Reduction in Energy Intensity

22.4% and on track for 30% by 2015

Use of Renewable Energy

Not applicable

Reduction in Potable Water Intensity

18.5% and on track for 26% in 2020

Reduction in Fleet Petroleum Use

6.4% increase and not on track

Green Buildings

Not applicable

Scope 1&2 GHG Emission Reduction Target

For Scope 182 GHG ReductionTarget of 20% by 2020:

For Scope 3 GHG ReductionTarget of 20% by 2020:

Reduction in energy intensity in goal-subject facilities compared with 2003:

Reduction in potable water intensity compared with 2007:

Reduction in fleet petroleum use compared to 2005:

and to overhaul and simplify its complex rate structure. It also awarded
contracts for two more external tracking systems, one to measure sat-
isfaction levels of business mailers, and the other to measure service
performance of third-class mail.

The reorganization eliminated some programs, cut costs, attracted
new business, and reduced the USPS’s projected deficit.

The postal services’ sustainability scorecard for 2012 is shown
below.

January 2012 OMB Scorecard on

Sustainability/Energy

Score: GREEN

Score: GREEN

Score: GREEN
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Score: GREEN

Score: RED

Score: N/A

(continued)
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(continued)
Standards for Success — Red Standard, Yellow Standard, Green Standard
1 HG Emission
Scope 182 GHG <k GREEN: Achieved its 2011 Sustainability Plan proposed reduction for GHG Scopes 1&2 and is on track to
Reduction Target achieve its 2020 target.
O YELLOW: Achieved at least half of its 2011 Sustainability Plan proposed target for GHG Scopes 1&2.
’ RED: Did not achieve at least half of its 2011 Sustainability Plan proposed target for GHG Scopes 1&2 or did
not provide trajectory for 2020.
Scope 3 GHG Emission
Reduction Target GREEN: Achieved its 2011 Sustainability Plan proposed reduction for GHG Scope 3 and is on track to achieve
its 2020 target.
O YELLOW: Achieved at least half of its 2011 Sustainability Plan proposed target for GHG Scope 3.
RED: Did not achieve at least half of its Sustainability Plan proposed target for GHG Scope 3 or did not provide
trajectory for FY 2020.
Reduction in Energy . ) o : o
Int it GREEN: Reduced energy intensity (Btu/GSF*) in EISA goal-subject facilities by at least 18 percent compared
ntensity with 2003 and is on track for 30 percent reduction by 2015.
YELLOW: Reduced energy intensity (Btu/GSF) in EISA goal-subject facilities by at least 15 percent compared
with 2003.
. RED: Did not reduce energy intensity (Btu/GSF) in EISA goal-subject facilities by at least 15 percent compared
with 2003.
GREEN: Uses at least 5 percent electricity from renewable sources as a percentage of facility electricity use
Use of Renewable & at least 2.5 percent of facility electricity use comes from new sources (post-1999). (Thermal and mechanical
Energy renewable can be included in the 2.5 percent new requirement, but not the 5 percent goal; i.e., an agency meets
N gy all new sources requirement with thermal or mechanical energy (2.5 percent) but would still need an additional 5
percent from renewable electricity sources.)
YELLOW: Uses at least 5 percent renewable energy from electric, thermal or mechanical sources to power fa-
cilities and equipment; but less than half was obtained from new sources (post-1999) or part of the requirement
was met with thermal and mechanical renewable energy.
’ RED: Did not use at least 5 percent renewable energy from electric, thermal or mechanical sources to power
facilities and equipment.
Reduction in Potable
Water Intensit GREEN: Reduced water intensity by at least 8 percent from final approved 2007 baseline and is on track for 26
Y percent reduction by 2020.
O YELLOW: Reduced water intensity by at least 6 percent from final approved 2007 baseline.
. RED: Did not reduce water intensity by at least 6 percent from final approved 2007 baseline.
e UL L GREEN: Achieved a 12 t reduction i trol in it ti hicle fleet d to 2005 and i
: Achieved a 12 percent reduction in petroleum use in its entire vehicle fleet compared to and is on
Petroleum Use track for 20 percent reduction by 2015.
Q YELLOW: Achieved at least 10 percent reduction in petroleum use in the entire vehicle fleet compared to 2005.
. RED: Did not achieve at least 10 percent reduction in petroleum use in its entire vehicle fleet since 2005.
Green GREEN: Demonstrates implementation of Guiding Principles for Federal Leadership in High Performance and Sus-
Buildings tainable Buildings (GP) for new, existing and leased buildings; and is on track to meet 15% goal by 2015 by reporting
that at least 7% of buildings >5,000 GSF meet GP as reported in the Federal Real Property Profile (FRPP).
YELLOW: Incorporates Guiding Principles into all new design contracts for construction, major renovations
and leases and at least 7 percent of GSF of its building inventory over 5,000 GSF meets GP as reported in FRPP.
RED: Cannot demonstrate compliance with GP on new construction, major renovations, or leases; and/or less
than 7 percent of building inventory, either by number of buildings or GSF, over 5,000 GSF meets GP as reported
in FRPP.
*GSF = Gross Square Footage
Questions _ _
o . . 6. What effect does the increased use of e-mail have on postal
1. Why is it important for the USPS to have a high volume of mail to

o~ W

productivity?
7. How does the use of standard shipping containers and flat-rate
mailers help competitiveness?

process?

What caused productivity to increase?

What impact did competitive pressures have on the USPS?
What measures did the USPS adopt to increase competitiveness? Source: http://about.usps.com/what-we-are-doing/green/pdf/
What results were achieved by the USPS’s changes? omb-scorecard-2012.pdf
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Weather forecasts are one of the many types of forecasts used by some business organizations. Although some businesses sim-
ply rely on publicly available weather forecasts, others turn to firms that specialize in weather-related forecasts. For example,
Home Depot, Gap, and JCPenney use such firms to help them take weather factors into account for estimating demand.

Many new car buyers have a thing or two in common. Once they make the decision to buy a new car, they want it as soon
as possible. They usually don’t want to order it and then have to wait six weeks or more for delivery. If the car dealer they visit
doesn’t have the car they want, they’ll look elsewhere. Hence, it is important for a dealer to anticipate buyer wants and to have
those models, with the necessary options, in stock. The dealer who can correctly forecast buyer wants, and have those cars
available, is going to be much more successful than a competitor who guesses instead of forecasting—and guesses wrong—and
gets stuck with cars customers don’t want. So how does the dealer know how many cars of each type to stock? The answer is,
the dealer doesn’t know for sure, but by analyzing previous buying patterns, and perhaps making allowances for current condi-
tions, the dealer can come up with a reasonable approximation of what buyers will want.

Planning is an integral part of a manager’s job. If uncertainties cloud the planning horizon, managers will find it difficult to
plan effectively. Forecasts help managers by reducing some of the uncertainty, thereby enabling them to develop more mean-
ingful plans. A forecast is an estimate about the future value of a variable such as demand. The better the estimate, the more
informed decisions can be. Some forecasts are long range, covering several years or more. Long-range forecasts are especially
important for decisions that will have long-term consequences for an organization or for a town, city, country, state, or nation.
One example is deciding on the right capacity for a planned power plant that will operate for the next 20 years. Other forecasts
are used to determine if there is a profit potential for a new service or a new product: Will there be sufficient demand to make
the innovation worthwhile? Many forecasts are short term, covering a day or week. They are especially helpful in planning and
scheduling day-to-day operations. This chapter provides a survey of business forecasting. It describes the elements of good
forecasts, the necessary steps in preparing a forecast, basic forecasting techniques, and how to monitor a forecast.

3.1 INTRODUCTION

Forecasts are a basic input in the decision processes of operations management because they  Forecast A statement about
provide information on future demand. The importance of forecasting to operations manage-  the future value of a variable of
ment cannot be overstated. The primary goal of operations management is to match supply  interest.

to demand. Having a forecast of demand is essential for determining how much capacity or

supply will be needed to meet demand. For instance, operations needs to know what capacity

7
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The Walt Disney World
forecasting department has

20 employees who formulate
forecasts on volume and
revenue for the theme parks,
water parks, resort hotels, as
well as merchandise, food, and
beverage revenue by location.
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will be needed to make staffing and equipment decisions, budgets must be prepared, purchas-
ing needs information for ordering from suppliers, and supply chain partners need to make
their plans.

Businesses make plans for future operations based on anticipated future demand. Antici-
pated demand is derived from two possible sources, actual customer orders and forecasts. For
businesses where customer orders make up most or all of anticipated demand, planning is
straightforward, and little or no forecasting is needed. However, for many businesses, most or
all of anticipated demand is derived from forecasts.

Two aspects of forecasts are important. One is the expected level of demand; the other is
the degree of accuracy that can be assigned to a forecast (i.e., the potential size of forecast
error). The expected level of demand can be a function of some structural variation, such as a
trend or seasonal variation. Forecast accuracy is a function of the ability of forecasters to cor-
rectly model demand, random variation, and sometimes unforeseen events.

Forecasts are made with reference to a specific time horizon. The time horizon may be
fairly short (e.g., an hour, day, week, or month), or somewhat longer (e.g., the next six months,
the next year, the next five years, or the life of a product or service). Short-term forecasts per-
tain to ongoing operations. Long-range forecasts can be an important strategic planning tool.
Long-term forecasts pertain to new products or services, new equipment, new facilities, or
something else that will require a somewhat long lead time to develop, construct, or otherwise
implement.

Forecasts are the basis for budgeting, planning capacity, sales, production and inventory,
personnel, purchasing, and more. Forecasts play an important role in the planning process
because they enable managers to anticipate the future so they can plan accordingly.

Forecasts affect decisions and activities throughout an organization, in accounting, finance,
human resources, marketing, and management information systems (MIS), as well as in oper-
ations and other parts of an organization. Here are some examples of uses of forecasts in
business organizations:

Accounting. New product/process cost estimates, profit projections, cash management.

Finance. Equipment/equipment replacement needs, timing and amount of funding/
borrowing needs.
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Human resources. Hiring activities, including recruitment, interviewing, and training;
layoff planning, including outplacement counseling.

Marketing. Pricing and promotion, e-business strategies, global competition strategies.
MIS. New/revised information systems, Internet services.

Operations. Schedules, capacity planning, work assignments and workloads, inventory
planning, make-or-buy decisions, outsourcing, project management.

Product/service design. Revision of current features, design of new products or services.

In most of these uses of forecasts, decisions in one area have consequences in other areas.
Therefore, it is very important for all affected areas to agree on a common forecast. How-
ever, this may not be easy to accomplish. Different departments often have very different
perspectives on a forecast, making a consensus forecast difficult to achieve. For example,
salespeople, by their very nature, may be overly optimistic with their forecasts, and may want
to “reserve” capacity for their customers. This can result in excess costs for operations and
inventory storage. Conversely, if demand exceeds forecasts, operations and the supply chain
may not be able to meet demand, which would mean lost business and dissatisfied customers.

Forecasting is also an important component of yield management, which relates to the per-
centage of capacity being used. Accurate forecasts can help managers plan tactics (e.g., offer dis-
counts, don’t offer discounts) to match capacity with demand, thereby achieving high yield levels.

There are two uses for forecasts. One is to help managers plan the system, and the other
is to help them plan the use of the system. Planning the system generally involves long-range
plans about the types of products and services to offer, what facilities and equipment to have,
where to locate, and so on. Planning the use of the system refers to short-range and interme-
diate-range planning, which involve tasks such as planning inventory and workforce levels,
planning purchasing and production, budgeting, and scheduling.

Business forecasting pertains to more than predicting demand. Forecasts are also used to
predict profits, revenues, costs, productivity changes, prices and availability of energy and
raw materials, interest rates, movements of key economic indicators (e.g., gross domestic
product, inflation, government borrowing), and prices of stocks and bonds. For the sake of
simplicity, this chapter will focus on the forecasting of demand. Keep in mind, however, that
the concepts and techniques apply equally well to the other variables.

In spite of its use of computers and sophisticated mathematical models, forecasting is not
an exact science. Instead, successful forecasting often requires a skillful blending of science
and intuition. Experience, judgment, and technical expertise all play a role in developing use-
ful forecasts. Along with these, a certain amount of luck and a dash of humility can be helpful,
because the worst forecasters occasionally produce a very good forecast, and even the best
forecasters sometimes miss completely. Current forecasting techniques range from the mun-
dane to the exotic. Some work better than others, but no single technique works all the time.

3.2 FEATURES COMMON TO ALL FORECASTS

A wide variety of forecasting techniques are in use. In many respects, they are quite different
from each other, as you shall soon discover. Nonetheless, certain features are common to all,
and it is important to recognize them.

1. Forecasting techniques generally assume that the same underlying causal system that
existed in the past will continue to exist in the future.

Comment A manager cannot simply delegate forecasting to models or computers and then
forget about it, because unplanned occurrences can wreak havoc with forecasts. For instance,
weather-related events, tax increases or decreases, and changes in features or prices of com-
peting products or services can have a major impact on demand. Consequently, a manager
must be alert to such occurrences and be ready to override forecasts, which assume a stable
causal system.

L03.1 List features common
to all forecasts.
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L03.2 Explain why forecasts
are generally wrong.

L03.3 List the elements of a
good forecast.
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Forecasts are not perfect; actual results usually differ from predicted values; the
presence of randomness precludes a perfect forecast. Allowances should be made for
forecast errors.

Forecasts for groups of items tend to be more accurate than forecasts for individual
items because forecasting errors among items in a group usually have a canceling effect.
Opportunities for grouping may arise if parts or raw materials are used for multiple
products or if a product or service is demanded by a number of independent sources.

Forecast accuracy decreases as the time period covered by the forecast—the time
horizon—increases. Generally speaking, short-range forecasts must contend with fewer
uncertainties than longer-range forecasts, so they tend to be more accurate.

An important consequence of the last point is that flexible business organizations—those

that can respond quickly to changes in demand—require a shorter forecasting horizon and,
hence, benefit from more accurate short-range forecasts than competitors who are less flex-
ible and who must therefore use longer forecast horizons.

3.3 ELEMENTS OF A GOOD FORECAST

A properly prepared forecast should fulfill certain requirements:

1.

The forecast should be timely. Usually, a certain amount of time is needed to respond to
the information contained in a forecast. For example, capacity cannot be expanded over-
night, nor can inventory levels be changed immediately. Hence, the forecasting horizon
must cover the time necessary to implement possible changes.

The forecast should be accurate, and the degree of accuracy should be stated. This will
enable users to plan for possible errors and will provide a basis for comparing alterna-
tive forecasts.

The forecast should be reliable; it should work consistently. A technique that some-
times provides a good forecast and sometimes a poor one will leave users with the
uneasy feeling that they may get burned every time a new forecast is issued.

The forecast should be expressed in meaningful units. Financial planners need to know
how many dollars will be needed, production planners need to know how many units
will be needed, and schedulers need to know what machines and skills will be required.
The choice of units depends on user needs.

The forecast should be in writing. Although this will not guarantee that all concerned

are using the same information, it will at least increase the likelihood of it. In addition,
a written forecast will permit an objective basis for evaluating the forecast once actual
results are in.

The forecasting technique should be simple to understand and use. Users often lack
confidence in forecasts based on sophisticated techniques; they do not understand either
the circumstances in which the techniques are appropriate or the limitations of the tech-
niques. Misuse of techniques is an obvious consequence. Not surprisingly, fairly simple
forecasting techniques enjoy widespread popularity because users are more comfortable
working with them.

The forecast should be cost-effective: The benefits should outweigh the costs.

3.4 FORECASTING AND THE SUPPLY CHAIN

Accurate forecasts are very important for the supply chain. Inaccurate forecasts can lead to
shortages and excesses throughout the supply chain. Shortages of materials, parts, and ser-
vices can lead to missed deliveries, work disruption, and poor customer service. Conversely,
overly optimistic forecasts can lead to excesses of materials and/or capacity, which increase
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costs. Both shortages and excesses in the supply chain have a negative impact not only on
customer service but also on profits. Furthermore, inaccurate forecasts can result in temporary
increases and decreases in orders to the supply chain, which can be misinterpreted by the
supply chain.

Organizations can reduce the likelihood of such occurrences in a number of ways. One,
obviously, is by striving to develop the best possible forecasts. Another is through collabora-
tive planning and forecasting with major supply chain partners. Yet another way is through
information sharing among partners and perhaps increasing supply chain visibility by allow-
ing supply chain partners to have real-time access to sales and inventory information. Also
important is rapid communication about poor forecasts as well as about unplanned events that
disrupt operations (e.g., flooding, work stoppages), and changes in plans.

3.5 STEPS IN THE FORECASTING PROCESS

There are six basic steps in the forecasting process:

1. Determine the purpose of the forecast. How will it be used and when will it be
needed? This step will provide an indication of the level of detail required in the fore-
cast, the amount of resources (personnel, computer time, dollars) that can be justified,
and the level of accuracy necessary.

2. Establish a time horizon. The forecast must indicate a time interval, keeping in mind
that accuracy decreases as the time horizon increases.

3. Obtain, clean, and analyze appropriate data. Obtaining the data can involve signifi-
cant effort. Once obtained, the data may need to be “cleaned” to get rid of outliers and
obviously incorrect data before analysis.

4. Select a forecasting technique.
Make the forecast.

6. Monitor the forecast errors. The forecast errors should be monitored to determine if
the forecast is performing in a satisfactory manner. If it is not, reexamine the method,
assumptions, validity of data, and so on; modify as needed; and prepare a revised forecast.

Note too that additional action may be necessary. For example, if demand was much less
than the forecast, an action such as a price reduction or a promotion may be needed. Con-
versely, if demand was much more than predicted, increased output may be advantageous.
That may involve working overtime, outsourcing, or taking other measures.

3.6 FORECAST ACCURACY

Accuracy and control of forecasts is a vital aspect of forecasting, so forecasters want to min-
imize forecast errors. However, the complex nature of most real-world variables makes it
almost impossible to correctly predict future values of those variables on a regular basis.
Moreover, because random variation is always present, there will always be some residual
error, even if all other factors have been accounted for. Consequently, it is important to include
an indication of the extent to which the forecast might deviate from the value of the variable
that actually occurs. This will provide the forecast user with a better perspective on how far
off a forecast might be.

Decision makers will want to include accuracy as a factor when choosing among different
techniques, along with cost. Accurate forecasts are necessary for the success of daily activi-
ties of every business organization. Forecasts are the basis for an organization’s schedules,
and unless the forecasts are accurate, schedules will be generated that may provide for too
few or too many resources, too little or too much output, the wrong output, or the wrong tim-
ing of output, all of which can lead to additional costs, dissatisfied customers, and headaches
for managers.

79

L03.4 Outline the steps in the
forecasting process.
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Error Difference between the
actual value and the value that
was predicted for a given period.

High Forecasts Can Be Bad News READING

Overly optimistic forecasts by retail store buyers can easily lead retail-  new orders while they work off their inventories,
ers to overorder, resulting in bloated inventories. When that happens, creating a ripple effect that hits the entire sup-
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Some forecasting applications involve a series of forecasts (e.g., weekly revenues), whereas
others involve a single forecast that will be used for a one-time decision (e.g., the size of a power
plant). When making periodic forecasts, it is important to monitor forecast errors to determine if the
errors are within reasonable bounds. If they are not, it will be necessary to take corrective action.

© Mike Baldwin / Cornered

BALI

“l recommend our ‘wild’ expectations

be downgraded to ‘great.

Forecast error is the difference between the value that occurs and the value that was
predicted for a given time period. Hence, Error = Actual — Forecast:

et = Ar — Ft (3-1
where
t = Any given time period

Positive errors result when the forecast is too low, negative errors when the forecast is too
high. For example, if actual demand for a week is 100 units and forecast demand was 90 units,
the forecast was too low; the error is 100 — 90 = +10.

Forecast errors influence decisions in two somewhat different ways. One is in making a
choice between various forecasting alternatives, and the other is in evaluating the success or
failure of a technique in use. We shall begin by examining ways to summarize forecast error
over time, and see how that information can be applied to compare forecasting alternatives.

there is pressure on stores to cut prices in order to move the excess  ply chain, from shippers, to producers, to suppliers of raw materials.
merchandise. Although customers delight in these markdowns, retailer ~ Moreover, the cutbacks to the supply chain could be misinterpreted. The
profits generally suffer. Furthermore, retailers will naturally cut back on  message is clear: Overly optimistic forecasts can be bad news.
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Summarizing Forecast Accuracy

Forecast accuracy is a significant factor when deciding among forecasting alternatives. Accu-
racy is based on the historical error performance of a forecast.

Three commonly used measures for summarizing historical errors are the mean absolute  Mean absolute deviation
deviation (MAD), the mean squared error (MSE), and the mean absolute percent error (MAD) The average absolute
(MAPE). MAD is the average absolute error, MSE is the average of squared errors, and forecast error.

MAPE is the average absolute percent error. The formulas used to compute MAD,! MSE, and

Mean squared error (MSE)

MAPE are as follows: The average of squared forecast
Y| Actual; — Forecast errors.
MAD — > ! i (3-2)
n Mean absolute percent
2 error (MAPE) The average
Actualy — F t
MSE = 2(Actualy lorecas ) (3-3) absolute percent error.
n—
s [Actual; — Forecasty| | - L03.5 Summarize forecast
MAPE = Actualy (3.4)  ermors and use summaries to
n make decisions.
Example 1 illustrates the computation of MAD, MSE, and MAPE.
Compute MAD, MSE, and MAPE for the following data, showing actual and forecasted EXAMPLE 1
numbers of accounts serviced.
A-P eXcel
Period Actual Forecast Error [Errorl Error? [IErrorl- Actual] x 100 mhhe.com/stevensoni2e
217 215 2 2 4 .92%
213 216 -3 3 9 1.4
216 215 1 1 1 46
210 214 —4 4 16 1.90 —
213 211 2 2 4 94 SCREENCAM TUTORIAL
219 214 5 5 25 2.28
216 217 —1 1 1 46
212 216 —4 4 16 189
-2 22 76 10.26%
Using the figures shown in the table, SOLUTION
3 22
MAD = ﬂ = — =275
n
2
76
MSE=EL=—=1086
n—1 8 —

From a computational standpoint, the difference between these measures is that MAD
weights all errors evenly, MSE weights errors according to their squared values, and MAPE
weights according to relative error.

'The absolute value, represented by the two vertical lines in Formula 3-2, ignores minus signs; all data are treated
as positive values. For example, —2 becomes +2.
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Judgmental forecasts
Forecasts that use subjective
inputs such as opinions from
consumer surveys, sales staff,
managers, executives, and
experts.

Time-series forecasts
Forecasts that project patterns
identified in recent time-series
observations.

Associative model Forecasting
technique that uses explanatory
variables to predict future
demand.

L03.6 Describe four qualita-
tive forecasting techniques.
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One use for these measures is to compare the accuracy of alternative forecasting methods.
For instance, a manager could compare the results to determine one which yields the lowest
MAD, MSE, or MAPE for a given set of data. Another use is to track error performance over
time to decide if attention is needed. Is error performance getting better or worse, or is it stay-
ing about the same?

In some instances, historical error performance is secondary to the ability of a forecast to
respond to changes in data patterns. Choice among alternative methods would then focus on
the cost of not responding quickly to a change relative to the cost of responding to changes
that are not really there (i.e., random fluctuations).

Overall, the operations manager must settle on the relative importance of historical perfor-
mance versus responsiveness and whether to use MAD, MSE, or MAPE to measure historical
performance. MAD is the easiest to compute, but weights errors linearly. MSE squares errors,
thereby giving more weight to larger errors, which typically cause more problems. MAPE
should be used when there is a need to put errors in perspective. For example, an error of 10
in a forecast of 15 is huge. Conversely, an error of 10 in a forecast of 10,000 is insignificant.
Hence, to put large errors in perspective, MAPE would be used.

3.7 APPROACHES TO FORECASTING

There are two general approaches to forecasting: qualitative and quantitative. Qualitative
methods consist mainly of subjective inputs, which often defy precise numerical descrip-
tion. Quantitative methods involve either the projection of historical data or the develop-
ment of associative models that attempt to utilize causal (explanatory) variables to make
a forecast.

Qualitative techniques permit inclusion of soft information (e.g., human factors, personal
opinions, hunches) in the forecasting process. Those factors are often omitted or downplayed
when quantitative techniques are used because they are difficult or impossible to quantify.
Quantitative techniques consist mainly of analyzing objective, or hard, data. They usually
avoid personal biases that sometimes contaminate qualitative methods. In practice, either
approach or a combination of both approaches might be used to develop a forecast.

The following pages present a variety of forecasting techniques that are classified as judg-
mental, time-series, or associative.

Judgmental forecasts rely on analysis of subjective inputs obtained from various sources,
such as consumer surveys, the sales staff, managers and executives, and panels of experts.
Quite frequently, these sources provide insights that are not otherwise available.

Time-series forecasts simply attempt to project past experience into the future. These
techniques use historical data with the assumption that the future will be like the past. Some
models merely attempt to smooth out random variations in historical data; others attempt to
identify specific patterns in the data and project or extrapolate those patterns into the future,
without trying to identify causes of the patterns.

Associative models use equations that consist of one or more explanatory variables that
can be used to predict demand. For example, demand for paint might be related to variables
such as the price per gallon and the amount spent on advertising, as well as to specific charac-
teristics of the paint (e.g., drying time, ease of cleanup).

3.8 QUALITATIVE FORECASTS

In some situations, forecasters rely solely on judgment and opinion to make forecasts. If
management must have a forecast quickly, there may not be enough time to gather and ana-
lyze quantitative data. At other times, especially when political and economic conditions are
changing, available data may be obsolete and more up-to-date information might not yet be
available. Similarly, the introduction of new products and the redesign of existing products




Chapter Three Forecasting

or packaging suffer from the absence of historical data that would be useful in forecasting. In
such instances, forecasts are based on executive opinions, consumer surveys, opinions of the
sales staff, and opinions of experts.

Executive Opinions

A small group of upper-level managers (e.g., in marketing, operations, and finance) may meet
and collectively develop a forecast. This approach is often used as a part of long-range plan-
ning and new product development. It has the advantage of bringing together the considerable
knowledge and talents of various managers. However, there is the risk that the view of one
person will prevail, and the possibility that diffusing responsibility for the forecast over the
entire group may result in less pressure to produce a good forecast.

Salesforce Opinions

Members of the sales staff or the customer service staff are often good sources of informa-
tion because of their direct contact with consumers. They are often aware of any plans the
customers may be considering for the future. There are, however, several drawbacks to using
salesforce opinions. One is that staff members may be unable to distinguish between what cus-
tomers would /ike to do and what they actually will do. Another is that these people are some-
times overly influenced by recent experiences. Thus, after several periods of low sales, their
estimates may tend to become pessimistic. After several periods of good sales, they may tend
to be too optimistic. In addition, if forecasts are used to establish sales quotas, there will be a
conflict of interest because it is to the salesperson’s advantage to provide low sales estimates.

Consumer Surveys

Because it is the consumers who ultimately determine demand, it seems natural to solicit
input from them. In some instances, every customer or potential customer can be contacted.
However, usually there are too many customers or there is no way to identify all potential
customers. Therefore, organizations seeking consumer input usually resort to consumer sur-
veys, which enable them to sample consumer opinions. The obvious advantage of consumer
surveys is that they can tap information that might not be available elsewhere. On the other
hand, a considerable amount of knowledge and skill is required to construct a survey, admin-
ister it, and correctly interpret the results for valid information. Surveys can be expensive and
time-consuming. In addition, even under the best conditions, surveys of the general public
must contend with the possibility of irrational behavior patterns. For example, much of the
consumer’s thoughtful information gathering before purchasing a new car is often under-
mined by the glitter of a new car showroom or a high-pressure sales pitch. Along the same
lines, low response rates to a mail survey should—but often don’t—make the results suspect.
If these and similar pitfalls can be avoided, surveys can produce useful information.

Other Approaches

A manager may solicit opinions from a number of other managers and staff people. Occasion-
ally, outside experts are needed to help with a forecast. Advice may be needed on political or
economic conditions in the United States or a foreign country, or some other aspect of impor-
tance with which an organization lacks familiarity.

Another approach is the Delphi method, an iterative process intended to achieve a con-
sensus forecast. This method involves circulating a series of questionnaires among individu-
als who possess the knowledge and ability to contribute meaningfully. Responses are kept
anonymous, which tends to encourage honest responses and reduces the risk that one person’s
opinion will prevail. Each new questionnaire is developed using the information extracted
from the previous one, thus enlarging the scope of information on which participants can base
their judgments.

The Delphi method has been applied to a variety of situations, not all of which involve
forecasting. The discussion here is limited to its use as a forecasting tool.
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Delphi method An iterative
process in which managers and
staff complete a series of ques-
tionnaires, each developed from
the previous one, to achieve a
consensus forecast.
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Time series A time-ordered
sequence of observations taken
at regular intervals.

Trend A long-term upward or
downward movement in data.

Seasonality Short-term regular
variations related to the calendar
or time of day.

Cycle Wavelike variations
lasting more than one year.

Irregular variation Caused
by unusual circumstances, not
reflective of typical behavior.

Random variations Residual
variations after all other
behaviors are accounted for.

Naive forecast A forecast for
any period that equals the previ-
ous period’s actual value.

L03.7 Use a naive method to
make a forecast.
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As a forecasting tool, the Delphi method is useful for technological forecasting, that is,
for assessing changes in technology and their impact on an organization. Often the goal is to
predict when a certain event will occur. For instance, the goal of a Delphi forecast might be
to predict when video telephones might be installed in at least 50 percent of residential homes
or when a vaccine for a disease might be developed and ready for mass distribution. For the
most part, these are long-term, single-time forecasts, which usually have very little hard infor-
mation to go by or data that are costly to obtain, so the problem does not lend itself to analyti-
cal techniques. Rather, judgments of experts or others who possess sufficient knowledge to
make predictions are used.

3.9 FORECASTS BASED ON TIME-SERIES DATA

A time series is a time-ordered sequence of observations taken at regular intervals (e.g.,
hourly, daily, weekly, monthly, quarterly, annually). The data may be measurements of
demand, earnings, profits, shipments, accidents, output, precipitation, productivity, or the
consumer price index. Forecasting techniques based on time-series data are made on the
assumption that future values of the series can be estimated from past values. Although no
attempt is made to identify variables that influence the series, these methods are widely used,
often with quite satisfactory results.

Analysis of time-series data requires the analyst to identify the underlying behavior of the
series. This can often be accomplished by merely plotting the data and visually examining
the plot. One or more patterns might appear: trends, seasonal variations, cycles, or variations
around an average. In addition, there will be random and perhaps irregular variations. These
behaviors can be described as follows:

1. Trend refers to a long-term upward or downward movement in the data. Population
shifts, changing incomes, and cultural changes often account for such movements.

2. Seasonality refers to short-term, fairly regular variations generally related to factors
such as the calendar or time of day. Restaurants, supermarkets, and theaters experience
weekly and even daily “seasonal” variations.

3. Cycles are wavelike variations of more than one year’s duration. These are often related
to a variety of economic, political, and even agricultural conditions.

4. Irregular variations are due to unusual circumstances such as severe weather condi-
tions, strikes, or a major change in a product or service. They do not reflect typical
behavior, and their inclusion in the series can distort the overall picture. Whenever pos-
sible, these should be identified and removed from the data.

5. Random variations are residual variations that remain after all other behaviors have
been accounted for.

These behaviors are illustrated in Figure 3.1. The small “bumps” in the plots represent
random variability.

The remainder of this section describes the various approaches to the analysis of time-
series data. Before turning to those discussions, one point should be emphasized: A demand
forecast should be based on a time series of past demand rather than unit sales. Sales would
not truly reflect demand if one or more stockouts occurred.

Naive Methods

A simple but widely used approach to forecasting is the naive approach. A naive forecast
uses a single previous value of a time series as the basis of a forecast. The naive approach can
be used with a stable series (variations around an average), with seasonal variations, or with
trend. With a stable series, the last data point becomes the forecast for the next period. Thus,
if demand for a product last week was 20 cases, the forecast for this week is 20 cases. With
seasonal variations, the forecast for this “season” is equal to the value of the series last “sea-
son.” For example, the forecast for demand for turkeys this Thanksgiving season is equal to
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demand for turkeys last Thanksgiving; the forecast of the number of checks cashed at a bank
on the first day of the month next month is equal to the number of checks cashed on the first
day of this month; and the forecast for highway traffic volume this Friday is equal to the high-
way traffic volume last Friday. For data with trend, the forecast is equal to the last value of
the series plus or minus the difference between the last two values of the series. For example,
suppose the last two values were 50 and 53. The next forecast would be 56:

Change from
Period Actual Previous Value Forecast
1 50
2 53 +3
3 53+ 3 =56

Although at first glance the naive approach may appear too simplistic, it is nonetheless
a legitimate forecasting tool. Consider the advantages: It has virtually no cost, it is quick
and easy to prepare because data analysis is nonexistent, and it is easily understandable. The
main objection to this method is its inability to provide highly accurate forecasts. However,
if resulting accuracy is acceptable, this approach deserves serious consideration. Moreover,
even if other forecasting techniques offer better accuracy, they will almost always involve a
greater cost. The accuracy of a naive forecast can serve as a standard of comparison against
which to judge the cost and accuracy of other techniques. Thus, managers must answer the
question: Is the increased accuracy of another method worth the additional resources required
to achieve that accuracy?

FIGURE 3.1

Trend, cyclical, and seasonal data
plots, with random and irregular
variations
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FIGURE 3.2  Averaging applied to three possible patterns
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Moving average Technique
that averages a number of recent
actual values, updated as new
values become available.

L03.8 Prepare a moving
average forecast.

e
Ideal Step change Gradual change
(Forecast lags) (Forecast lags)

Techniques for Averaging

Historical data typically contain a certain amount of random variation, or white noise, that
tends to obscure systematic movements in the data. This randomness arises from the com-
bined influence of many—perhaps a great many—relatively unimportant factors, and it can-
not be reliably predicted. Averaging techniques smooth variations in the data. Ideally, it would
be desirable to completely remove any randomness from the data and leave only “real” varia-
tions, such as changes in the demand. As a practical matter, however, it is usually impossible
to distinguish between these two kinds of variations, so the best one can hope for is that the
small variations are random and the large variations are “real.”

Averaging techniques smooth fluctuations in a time series because the individual highs and
lows in the data offset each other when they are combined into an average. A forecast based
on an average thus tends to exhibit less variability than the original data (see Figure 3.2). This
can be advantageous because many of these movements merely reflect random variability
rather than a true change in the series. Moreover, because responding to changes in expected
demand often entails considerable cost (e.g., changes in production rate, changes in the size
of a workforce, inventory changes), it is desirable to avoid reacting to minor variations. Thus,
minor variations are treated as random variations, whereas larger variations are viewed as
more likely to reflect “real” changes, although these, too, are smoothed to a certain degree.

Averaging techniques generate forecasts that reflect recent values of a time series (e.g., the
average value over the last several periods). These techniques work best when a series tends to
vary around an average, although they also can handle step changes or gradual changes in the
level of the series. Three techniques for averaging are described in this section:

1. Moving average.

2. Weighted moving average.

3. Exponential smoothing.

Moving Average. One weakness of the naive method is that the forecast just traces the
actual data, with a lag of one period; it does not smooth at all. But by expanding the amount of
historical data a forecast is based on, this difficulty can be overcome. A moving average fore-
cast uses a number of the most recent actual data values in generating a forecast. The moving
average forecast can be computed using the following equation:

n .
3 At—l
i=1 _M—nt ot A0+ A

n n

Fr = MAp = (3-5)

where

F, = Forecast for time period ¢
MA,, = n period moving average
A,—; = Actual value in period ¢ — i
n = Number of periods (data points) in the moving average

For example, MA; would refer to a three-period moving average forecast, and MA5 would
refer to a five-period moving average forecast.
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Compute a three-period moving average forecast given demand for shopping carts for the last
five periods.

Period Demand
1 42
2 40
3 43
4 40  the 3 most recent demands
5 41
Ro - BT

If actual demand in period 6 turns out to be 38, the moving average forecast for period 7
would be

_ 40 + 41 + 38

P
7 3

= 39.67

Note that in a moving average, as each new actual value becomes available, the forecast is
updated by adding the newest value and dropping the oldest and then recomputing the aver-
age. Consequently, the forecast “moves” by reflecting only the most recent values.

In computing a moving average, including a moving total column—which gives the sum of
the n most current values from which the average will be computed—aids computations. To
update the moving total: Subtract the oldest value from the newest value and add that amount
to the moving total for each update.

Figure 3.3 illustrates a three-period moving average forecast plotted against actual demand
over 31 periods. Note how the moving average forecast lags the actual values and how smooth
the forecasted values are compared with the actual values.

The moving average can incorporate as many data points as desired. In selecting the number
of periods to include, the decision maker must take into account that the number of data points
in the average determines its sensitivity to each new data point: The fewer the data points in
an average, the more sensitive (responsive) the average tends to be. (See Figure 3.4A.)

If responsiveness is important, a moving average with relatively few data points should be
used. This will permit quick adjustment to, say, a step change in the data, but it also will cause

3-period moving average (MA) ——
50 Demand

Demand
w
o
T

| | | | | |
0 5 10 15 20 25 30

Period —>
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EXAMPLE 2

eXcel

mhhe.com/stevenson12e

SOLUTION

FIGURE 3.3

A moving average forecast tends
to smooth and lag changes in
the data



FIGURE 3.4A

The more periods in a moving
average, the greater the forecast
will lag changes in the data

Weighted average More
recent values in a series are
given more weight in computing
a forecast.

L03.9 Prepare a weighted-
average forecast.

EXAMPLE 3
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the forecast to be somewhat responsive even to random variations. Conversely, moving aver-
ages based on more data points will smooth more but be less responsive to “real” changes.
Hence, the decision maker must weigh the cost of responding more slowly to changes in the
data against the cost of responding to what might simply be random variations. A review of
forecast errors can help in this decision.

The advantages of a moving average forecast are that it is easy to compute and easy to
understand. A possible disadvantage is that all values in the average are weighted equally. For
instance, in a 10-period moving average, each value has a weight of 1/10. Hence, the oldest
value has the same weight as the most recent value. If a change occurs in the series, a moving
average forecast can be slow to react, especially if there are a large number of values in the
average. Decreasing the number of values in the average increases the weight of more recent
values, but it does so at the expense of losing potential information from less recent values.

Weighted Moving Average. A weighted average is similar to a moving average, except
that it typically assigns more weight to the most recent values in a time series. For instance,
the most recent value might be assigned a weight of .40, the next most recent value a weight
of .30, the next after that a weight of .20, and the next after that a weight of .10. Note that the
weights must sum to 1.00, and that the heaviest weights are assigned to the most recent values.

F = W,,H(A,,n) + o+ Wt*2(At72) + Wtfl(Azfl) + Wtfl(Atfl) + ot Wt*n(At*n)
(3-6)
where
w;_; = Weight for period ¢ — 1, etc.

A, = Actual value for period r — 1, etc.

Given the following demand data,
a. Compute a weighted average forecast using a weight of .40 for the most recent period,
.30 for the next most recent, .20 for the next, and .10 for the next.

b. If the actual demand for period 6 is 39, forecast demand for period 7 using the same
weights as in part a.

Period Demand
1 42
2 40
3 43
4 40
5 41
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a. Fg
b. F;

10(40) + .20(43) + .30(40) + .40(41) = 41.0 SOLUTION
10(43) + .20(40) + .30(41) + .40(39) = 40.2

Note that if four weights are used, only the four most recent demands are used to prepare
the forecast.

The advantage of a weighted average over a simple moving average is that the weighted
average is more reflective of the most recent occurrences. However, the choice of weights
is somewhat arbitrary and generally involves the use of trial and error to find a suitable
weighting scheme.

Exponential Smoothing. Exponential smoothing is a sophisticated weighted averaging Exponential smoothing A
method that is still relatively easy to use and understand. Each new forecast is based on the  weighted averaging method
previous forecast plus a percentage of the difference between that forecast and the actual —based on previous forecast plus a
value of the series at that point. That is: percentage of the forecast error.

Next forecast = Previous forecast + a(Actual — Previous forecast)

where (Actual — Previous forecast) represents the forecast error and « is a percentage of the
error. More concisely, ~
b = F- + a(A-1 — Fi-1) (3-7a) SCREENCAM TUTORIAL
where
F, = Forecast for period ¢ L03.10 Prepare an exponen-
F,_, = Forecast for the previous period (i.e., period t — 1) tial smoothing forecast.

o = Smoothing constant (percentage)
A;_ = Actual demand or sales for the previous period

The smoothing constant o represents a percentage of the forecast error. Each new forecast
is equal to the previous forecast plus a percentage of the previous error. For example, suppose
the previous forecast was 42 units, actual demand was 40 units, and o = .10. The new forecast
would be computed as follows:

F, = 42 + .10(40 — 42) = 41.8
Then, if the actual demand turns out to be 43, the next forecast would be
F, = 41.8 + .10(43 — 41.8) = 41.92

An alternate form of Formula 3—7a reveals the weighting of the previous forecast and the
latest actual demand:

F=0-a)F-1 + ol (3-7b)
For example, if o« = .10, this would be

F = 90F -1 + .10A—

The quickness of forecast adjustment to error is determined by the smoothing constant, a.
The closer its value is to zero, the slower the forecast will be to adjust to forecast errors (i.e.,

the greater the smoothing). Conversely, the closer the value of « is to 1.00, the greater the
responsiveness and the less the smoothing. This is illustrated in Figure 3.4B.



FIGURE 3.4B
The closer « is to zero, the
greater the smoothing
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Actual a=.10 a=.40
Period () Demand Forecast Forecast
1 42 —Starting forecast - -
2 40 42 ——> 42
3 43 41.8 41.2
4 40 41.92 41.92
5 41 41.73 41.15
6 39 41.66 41.09
7 46 41.39 40.25
8 44 41.85 42.55
9 45 42.07 4313
10 38 42.35 43.88
11 40 41.92 41.53
12 41.73 40.92
i Actual
45
° L
S L
€ L
3 L
40
1 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12

Period

Selecting a smoothing constant is basically a matter of judgment or trial and error, using
forecast errors to guide the decision. The goal is to select a smoothing constant that balances
the benefits of smoothing random variations with the benefits of responding to real changes if
and when they occur. Commonly used values of o range from .05 to .50. Low values of « are
used when the underlying average tends to be stable; higher values are used when the underly-
ing average is susceptible to change.

Some computer packages include a feature that permits automatic modification of the
smoothing constant if the forecast errors become unacceptably large.

Exponential smoothing is one of the most widely used techniques in forecasting, partly
because of its ease of calculation and partly because of the ease with which the weighting
scheme can be altered—simply by changing the value of a.

Note Exponential smoothing should begin several periods back to enable forecasts to adjust
to the data, instead of starting one period back. A number of different approaches can be
used to obtain a starting forecast, such as the average of the first several periods, a subjective
estimate, or the first actual value as the forecast for period 2 (i.e., the naive approach). For
simplicity, the naive approach is used in this book. In practice, using an average of, say, the
first three values as a forecast for period 4 would provide a better starting forecast because
that would tend to be more representative.

Compare the error performance of these three forecasting techniques using MAD, MSE,
and MAPE: a naive forecast, a two-period moving average, and exponential smoothing with
o = .10 for periods 3 through 11, using the data shown in Figure 3.4B.
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Naive Two-period MA Exponential Smoothing
Period, t Demand Forecast Error Forecast Error Forecast Error
1 42 — —
2 40 42 -2 42 -2
3 43 40 3 41 2 41.8 1.2
4 40 43 -3 415 -1.5 41.92 -1.92
5 41 40 1 415 -0.5 41.73 -0.73
6 39 4 -2 40.5 -15 41.66 —2.66
7 46 39 7 40 6 41.39 4.61
8 44 46 -2 425 1.5 41.85 215
9 45 44 1 45 0 42.07 2.93
10 38 45 -7 445 —6.5 42.36 —4.36
11 40 38 2 415 -15 41.92 -1.92
MAD 3.11 2.33 2.50
MSE 16.25 11.44 8.73
MAPE 7.49% 5.64% 5.98%

If lowest MAD is the criterion, the two-period moving average forecast has the greatest accu-
racy; if lowest MSE is the criterion, exponential smoothing works best; and if lowest MAPE
is the criterion, the two-period moving average method is again best. Of course, with other
data, or with different values of a for exponential smoothing, and different moving averages,
the best performers could be different.

Other Forecasting Methods

You may find two other approaches to forecasting interesting. They are briefly described in
this section.

Focus Forecasting. Some companies use forecasts based on a “best recent performance”
basis. This approach, called focus forecasting, was developed by Bernard T. Smith, and is
described in several of his books.? It involves the use of several forecasting methods (e.g.,
moving average, weighted average, and exponential smoothing) all being applied to the last
few months of historical data after any irregular variations have been removed. The method
that has the highest accuracy is then used to make the forecast for the next month. This pro-
cess is used for each product or service, and is repeated monthly. Example 4 illustrates this
kind of comparison.

Diffusion Models. When new products or services are introduced, historical data are not
generally available on which to base forecasts. Instead, predictions are based on rates of prod-
uct adoption and usage spread from other established products, using mathematical diffusion
models. These models take into account such factors as market potential, attention from mass
media, and word of mouth. Although the details are beyond the scope of this text, it is impor-
tant to point out that diffusion models are widely used in marketing and to assess the merits of
investing in new technologies.

Techniques for Trend

Analysis of trend involves developing an equation that will suitably describe trend (assum-
ing that trend is present in the data). The trend component may be linear, or it may not. Some

2See, for example, Bernard T. Smith and Virginia Brice, Focus Forecasting: Computer Techniques for Inventory
Control Revised for the Twenty-First Century (Essex Junction, VT: Oliver Wight, 1984).
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SOLUTION

Focus Forecasting Using the
forecasting method that demon-
strates the best recent success.
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SCREENCAM TUTORIAL
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FIGURE 3.5 y y
Graphs of some nonlinear trends
Parabolic Life cycle
trend trend
Time — Time —
y y
Exponential Growth
trend curve
Time — Time —

commonly encountered nonlinear trend types are illustrated in Figure 3.5. A simple plot of the
data often can reveal the existence and nature of a trend. The discussion here focuses exclu-
sively on linear trends because these are fairly common.

There are two important techniques that can be used to develop forecasts when trend
is present. One involves use of a trend equation; the other is an extension of exponential

smoothing.
Linear trend equation Trend Equation. A linear trend equation has the form
F, = a + bt, used to develop
forecasts when trend is present. F =a+ bt (3-8)
L03.11 Prepare a linear trend where
forecast. F, = Forecast for period ¢

a = Value of F, at t = 0, which is the y intercept
b = Slope of the line

t = Specified number of time periods from r = 0

For example, consider the trend equation F, = 45 + 5¢. The value of F, when ¢t = 0 is 45,
and the slope of the line is 5, which means that, on the average, the value of F, will increase
by five units for each time period. If r = 10, the forecast, F;, is 45 + 5(10) = 95 units. The
equation can be plotted by finding two points on the line. One can be found by substituting
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some value of ¢ into the equation (e.g., # = 10) and then solving for F,. The other point is a
(i.e., F; at t = 0). Plotting those two points and drawing a line through them yields a graph of
the linear trend line.

The coefficients of the line, a and b, are based on the following two equations:

n2ty — 212y

Gy e

D 2 ory — b7 (3-10)
n

where

n = Number of periods
y = Value of the time series
Note that these two equations are identical to those used for computing a linear regression

line, except that 7 replaces x in the equations. Values for the trend equation can be obtained
easily by using the Excel template for linear trend.

Cell phone sales for a California-based firm over the last 10 weeks are shown in the following EXAMPLE 5
table. Plot the data, and visually check to see if a linear trend line would be appropriate. Then
determine the equation of the trend line, and predict sales for weeks 11 and 12. exce I
Week Unit Sales mhhe.com/stevensoni2e
1 700
2 724
3 720
4 728
5 740
6 742
7 758
8 750
9 770
10 775
a. A plot suggests that a linear trend line would be appropriate: SOLUTION
780
760
3 740
©
n
720
700
| [

AN N N N A B
172 3 4 5 6 7 8 9 10 11 12
Week
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b. The solution obtained by using the Excel template for linear trend is shown in Table 3.1.
b =751 and a = 699.40
The trend line is F; = 699.40 + 7.51¢, where ¢ = 0 for period 0.

c. Substituting values of ¢ into this equation, the forecasts for the next two periods (i.e.,
t=11and = 12) are:
Fi1=699.40 + 7.51(11) = 782.01
Fi, =699.40 + 7.51(12) = 789.52

d. For purposes of illustration, the original data, the trend line, and the two projections
(forecasts) are shown on the following graph:

800
Forecasts —»o
\ 7
780 |- g
/
760 -
2]
()
©
@ 740 |

Trend line

720

700

IR Y I N O AU N
1 2 3 4 5 6 7 8 9 10 11 12

Week
TABLE 3.1  Excel solution for Example 5
| A2 - % | <Back v
[ A B [ € D E E_ [ @& [ H ] | [ K ER [k
1 Linear Trend Equation Basic Clear ! — N
2 |<Back ‘=‘
3 Slope =| 7.5091 MAD =[ 444 / 'S
4 |Intercept=|__ 699.4 MSE=| 32.91 400
5 /
6 Period Actual Forecast Error 780
i 1 706.90909 -6.9090909 /
8 2 714.41818  9.5818182 760
9 3 721.92727 -1.9272727 ﬁ
10 4 729.43636 -1.4363636 740
1 5 736.94545 3.0545455 k/
12 6 744.45455 -2.4545455 720
13 T 751.96364 6.0363636 /'
14 8 759.47273 -9.4727273 700 ¥
15 9 766.98182 3.0181818
16 10 774.49091 0.5090909 680 : i i i :
17 11 782 0 5 10 15 20 25 30
18 12 789.50909 | —es—Actual Forecast | Period
19 13 797.01818
20 14 804.52727
21 15 812.03636 - Actual:
22 16 Period: Forecast:
23 17
24 18 i I i i =
M4 M Exponential Smoothing | Linear Trend -~ Trend Adj Expon Smooth Trend and Seasonal m 4] il | > Iﬂ

Ij—{-EI

Ready | |8l W 100% (=)
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Trend-Adjusted Exponential Smoothing

A variation of simple exponential smoothing can be used when a time series exhibits a linear
trend. It is called trend-adjusted exponential smoothing or, sometimes, double smoothing,
to differentiate it from simple exponential smoothing, which is appropriate only when data
vary around an average or have step or gradual changes. If a series exhibits trend, and simple
smoothing is used on it, the forecasts will all lag the trend: If the data are increasing, each
forecast will be too low; if decreasing, each forecast will be too high.

The trend-adjusted forecast (TAF) is composed of two elements: a smoothed error and a
trend factor.

TAE+1 = 8§ +T; (3-11)
where

S, = Previous forecast plus smoothed error

T, = Current trend estimate
and

S, = TAF, + a(A; — TAE)

Ti = Ti-1 + B(TAF, — TAF -1 — Ti-1) (3-12)

where

o = Smoothing constant for average

B = Smoothing constant for trend

In order to use this method, one must select values of « and B (usually through trial and
error) and make a starting forecast and an estimate of trend.

Using the cell phone data from the previous example (where it was concluded that the data
exhibited a linear trend), use trend-adjusted exponential smoothing to obtain forecasts for
periods 6 through 11, with « = .40 and = .30.

The initial estimate of trend is based on the net change of 28 for the three changes from period
1 to period 4, for an average of 9.33. The Excel spreadsheet is shown in Table 3.2. Notice that
an initial estimate of trend is estimated from the first four values and that the starting fore-
cast (period 5) is developed using the previous (period 4) value of 728 plus the initial trend
estimate:

Starting forecast = 728 + 9.33 = 737.33

Unlike a linear trend line, trend-adjusted smoothing has the ability to adjust to changes
in trend. Of course, trend projections are much simpler with a trend line than with trend-
adjusted forecasts, so a manager must decide which benefits are most important when choos-
ing between these two techniques for trend.

Techniques for Seasonality

Seasonal variations in time-series data are regularly repeating upward or downward move-
ments in series values that can be tied to recurring events. Seasonality may refer to regular
annual variations. Familiar examples of seasonality are weather variations (e.g., sales of win-
ter and summer sports equipment) and vacations or holidays (e.g., airline travel, greeting card
sales, visitors at tourist and resort centers). The term seasonal variation is also applied to
daily, weekly, monthly, and other regularly recurring patterns in data. For example, rush hour

Trend-adjusted exponential
smoothing Variation of expo-
nential smoothing used when

a time series exhibits a linear

trend.

SCREENCAM TUTORIAL

L03.12 Prepare a trend-
adjusted exponential smoothing
forecast.

EXAMPLE 6
eXcel

mhhe.com/stevensoni12e

SOLUTION

Seasonal variations Regularly
repeating movements in series
values that can be tied to recur-
ring events.
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TABLE 3.2 Using the Excel template for trend-adjusted smoothing

A B c D] H J K i M N 0 D Q 'f
1 |Irend Adjusted Exponential Smoothin
2 <Back I Lo
3 Model Initialization: Sleay 0 Al =
4 Period = 5% _/
5 Forecast=| 73 i ,T
6 Trend =| 760
] MAD :| %
) MSE = 740
i 730 f
11 _ Period Forecast Error '\/
12 1 720 —w-
i 2 710 /
14 3 1
15 4 700 —&
16 5 73733 2.67 -
17 6 T47.728 5.728 0 5 10 15 20 25 30
18 7 755.0872 29128 "
19 8 7 76521536 15.21536 Pepod
20 3 i 768.44179  1.558208
21 10 TS 776.55181 -1.551808 - Actual:
22 1 783.6048 Period: [0 ]~ Forecast:
23 12
24 13
25 14 Mote: To display more data on the above graph, right click on the x-axis,
26 15 select Format Axis, and set Maximum to higher value.
27 16 The size of the graph may also be increased.
28 17
29 18
30 19
3 20
32 2
33 22 o5
IR Maoving Average Exponentil Smoathing Linear Trend | Trend Adj Expon Smooth .~ T4 [ [ | [Nk

traffic occurs twice a day—incoming
in the morning and outgoing in the late
afternoon. Theaters and restaurants
often experience weekly demand pat-
terns, with demand higher later in the
week. Banks may experience daily
seasonal variations (heavier traffic
during the noon hour and just before
closing), weekly variations (heavier
toward the end of the week), and
monthly variations (heaviest around
the beginning of the month because of
Social Security, payroll, and welfare
checks being cashed or deposited).
Mail volume; sales of toys, beer, auto-
mobiles, and turkeys; highway usage;
hotel registrations; and gardening also
exhibit seasonal variations.

Seasonality in a time series is
expressed in terms of the amount that
actual values deviate from the average
value of a series. If the series tends to
vary around an average value, then seasonality is expressed in terms of that average (or a mov-
ing average); if trend is present, seasonality is expressed in terms of the trend value.

There are two different models of seasonality: additive and multiplicative. In the additive
model, seasonality is expressed as a quantity (e.g., 20 units), which is added to or subtracted
from the series average in order to incorporate seasonality. In the multiplicative model, sea-
sonality is expressed as a percentage of the average (or trend) amount (e.g., 1.10), which is
then used to multiply the value of a series to incorporate seasonality. Figure 3.6 illustrates the
two models for a linear trend line. In practice, businesses use the multiplicative model much
more widely than the additive model, because it tends to be more representative of actual
experience, so we shall focus exclusively on the multiplicative model.
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Demand | Agditive model
Demand = Trend + Seasonality

Multiplicative model
Demand = Trend x Seasonality

Time

The seasonal percentages in the multiplicative model are referred to as seasonal relatives or
seasonal indexes. Suppose that the seasonal relative for the quantity of toys sold in May at a store
is 1.20. This indicates that toy sales for that month are 20 percent above the monthly average. A
seasonal relative of .90 for July indicates that July sales are 90 percent of the monthly average.

Knowledge of seasonal variations is an important factor in retail planning and scheduling.
Moreover, seasonality can be an important factor in capacity planning for systems that must
be designed to handle peak loads (e.g., public transportation, electric power plants, highways,
and bridges). Knowledge of the extent of seasonality in a time series can enable one to remove
seasonality from the data (i.e., to seasonally adjust data) in order to discern other patterns
or the lack of patterns in the series. Thus, one frequently reads or hears about “seasonally
adjusted unemployment” and “seasonally adjusted personal income.”

The next section briefly describes how seasonal relatives are used.

Using Seasonal Relatives. Seasonal relatives are used in two different ways in forecast-
ing. One way is to deseasonalize data; the other way is to incorporate seasonality in a forecast.

To deseasonalize data is to remove the seasonal component from the data in order to get a
clearer picture of the nonseasonal (e.g., trend) components. Deseasonalizing data is accom-
plished by dividing each data point by its corresponding seasonal relative (e.g., divide Novem-
ber demand by the November relative, divide December demand by the December relative, and
SO on).

Incorporating seasonality in a forecast is useful when demand has both trend (or average)
and seasonal components. Incorporating seasonality can be accomplished in this way:

Obtain trend estimates for desired periods using a trend equation.

2. Add seasonality to the trend estimates by multiplying (assuming a multiplicative model
is appropriate) these trend estimates by the corresponding seasonal relative (e.g., mul-
tiply the November trend estimate by the November seasonal relative, multiply the
December trend estimate by the December seasonal relative, and so on).

Example 7 illustrates these two techniques.

A coffee shop owner wants to estimate demand for the next two quarters for hot chocolate.
Sales data consist of trend and seasonality.

a. Quarter relatives are 1.20 for the first quarter, 1.10 for the second quarter, 0.75 for the
third quarter, and 0.95 for the fourth quarter. Use this information to deseasonalize sales
for quarters 1 through 8.

b. Using the appropriate values of quarter relatives and the equation F, = 124 + 7.5t for
the trend component, estimate demand for periods 9 and 10.

97

FIGURE 3.6

Seasonality: the additive and
multiplicative models compared
using a linear trend

Seasonal relative Percentage
of average or trend.

L03.13 Compute and use
seasonal relatives.

EXAMPLE 7
eXcel

mhhe.com/stevensoni12e
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SOLUTION a. Quarter Deseasonalized
Period Quarter Sales (gal.) = Relative = Sales
1 1 158.4 = 1.20 = 132.0
2 2 153.0 = 1.10 = 1391
3 3 110.0 = 0.75 = 146.7
4 4 146.3 = 0.95 = 154.0
5 1 192.0 = 1.20 = 160.0
6 2 187.0 = 1.10 = 170.0
7 3 132.0 = 0.75 = 176.0
8 4 173.8 = 0.95 = 182.9

b. The trend values are:

Period 9: F, = 124 + 7.5(9) = 191.5
Period 10: F, = 124 + 7.5(10) = 199.0

Period 9 is a first quarter and period 10 is a second quarter. Multiplying each trend value
by the appropriate quarter relative results in:

Period 9: 191.5(1.20) = 229.8
Period 10: 199.0(1.10) = 218.9

Computing Seasonal Relatives. A widely used method for computing seasonal relatives
Centered moving average A involves the use of a centered moving average. This approach effectively accounts for any trend
moving average positioned at the  (linear or curvilinear) that might be present in the data. For example, Figure 3.7 illustrates how
center of the data that were used 5 three-period centered moving average closely tracks the data originally shown in Figure 3.3.

to compute it. Manual computation of seasonal relatives using the centered moving average method is a bit
cumbersome, so the use of software is recommended. Manual computation is illustrated in Solved
Problem 4 at the end of the chapter. The Excel template (on the Web site) is a simple and conve-
nient way to obtain values of seasonal relatives (indexes). Example 8A illustrates this approach.

EXAMPLE 8A The manager of a call center recorded the volume of calls received between 9 and 10 a.m. for
exce I 21 days and wants to obtain a seasonal index for each day for that hour.
mhhe.com/stevenson12e Day Volume Day Volume Day Volume
Tues 67 Tues 60 Tues 64
Wed 75 Wed 73 Wed 76
Thurs 82 Thurs 85 Thurs 87
Fri 98 Fri 99 Fri 96
Sat 90 Sat 86 Sat 88
Sun 36 Sun 40 Sun 44
Mon 55 Mon 52 Mon 50
FIGURE 3.7
A centered moving average 50 -
closely tracks the data 'D/ata
40 - Centered
o
% - MA
€
[
o
30 -
20 -
| | | | | |
0 5 10 15 20 25 30

Period
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Compute Seasonal Indexes
<Back 7 1.6
Number of "seasons" =[__7___|~| 14
Average | Standard
Season Indeg Index 1.2
Tues 0.8688 0.8690 11
Wed 1.0460 1.0463
Thur 1.1980 1.1983 0.8
Fri 1.3648 1.3652
Sat 1.2383 1.2386 0.6 |
Sun 0.5339 0.5341
Mon 0.7484 0.7486 0.4 1
0.2
s ® 3 & 5 5 5
Clear 2 = E ® @ =
Period Season Actual MA Center Index
1 Tues 67
2 Wed 75
3 Thur 82
4 Fri 98 71.857143 | 1.3638171
5 Sat 90 70.857143 | 1.2701613
6 Sun 38 70.571429 | 0.5101215
7 Mon 55 71.857143 71 0.7746479
8 Tues 60 70.857143 | 71.142857 | 0.8433735
9 Wed 73 70.571429 | 70.571429 | 1.034413
10 Thur 85 7 71.142857 | 1.1947791
1 Fri 99 71.142857 | 70.714286 1.4
12 Sat 86 70.571429 | 71.285714 | 1.2064128
13 Sun 40 71.142857 | 71.714286 | 0.5577689
14 Mon 62 70.714286 72 0.7222222
15 Tues 64 71.285714 | 71.571429 | 0.8942116
16 Wed 76 71.714286 | 71.857143 | 1.0576541
17 Thur 87 72 72.428571 | 1.2011834
18 Fri 96 71.571429 | 72.142857 | 1.3306931
19 Sat 88 71.857143
20 Sun 44 72.428571
21 Mon 50 72.142857

For practical purposes, you can round the relatives to two decimal places. Thus, the seasonal
(standard) index values are:

Day Index
Tues 0.87
Wed 1.05
Thurs 1.20
Fri 1.37
Sat 1.24
Sun 0.53
Mon 0.75

Computing Seasonal Relatives Using the Simple Average Method. The simple
average (SA) method is an alternative way to compute seasonal relatives. Each seasonal rela-
tive is the average for that season divided by the average of all seasons. This method is illus-
trated in Example 8B, where the seasons are days. Note that there is no need to standardize
the relatives when using the SA method.

The obvious advantage of the SA method compared to the centered MA method is the
simplicity of computations. When the data have a stationary mean (i.e., variation around an
average), the SA method works quite well, providing values of relatives that are quite close

This example illustrates the steps needed to compute seasonal relatives using the SA method.

SOLUTION

EXAMPLE 8B
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SOLUTION
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Step 1: Compute the Step 3: Compute the
season averages SA relatives

Quarter Quarter Quarter

Quarter Year 1 Year 2 Year 3 Total Average Relative
1 20 23 17 60 20 20/20 = 1.00
2 10 12 8 30 10 10/20 = 0.50
3 25 17 22 66 22 22/20 = 1.10
4 28 26 30 84 28 28/20 = 1.40
80 4.00

Average of quarter averages = 80/4 = 20

Step 2: Compute the
overall average

to those obtained using the centered MA method, which is generally accepted as accurate.
Conventional wisdom is that the SA method should not be used when linear trend is present in
the data. However, it can be used to obtain fairly good values of seasonal relatives as long as
the ratio of the intercept to the slope is large, or when variations are large relative to the slope,
as shown below. Also, the larger the ratio, the smaller the error. The general relationship is
illustrated in the following figure.

Variations are large relative to the slope of the Variations are small relative to the slope of the
line, so it is okay to use the SA method. line, so it is not okay to use the SA method.

Techniques for Cycles

Cycles are up-and-down movements similar to seasonal variations but of longer duration—say,
two to six years between peaks. When cycles occur in time-series data, their frequent irregu-
larity makes it difficult or impossible to project them from past data because turning points
are difficult to identify. A short moving average or a naive approach may be of some value,
although both will produce forecasts that lag cyclical movements by one or several periods.

The most commonly used approach is explanatory: Search for another variable that relates
to, and leads, the variable of interest. For example, the number of housing starts (i.e., permits
to build houses) in a given month often is an indicator of demand a few months later for
products and services directly tied to construction of new homes (landscaping; sales of wash-
ers and dryers, carpeting, and furniture; new demands for shopping, transportation, schools).
Thus, if an organization is able to establish a high correlation with such a leading variable
(i.e., changes in the variable precede changes in the variable of interest), it can develop an
equation that describes the relationship, enabling forecasts to be made. It is important that a
persistent relationship exists between the two variables. Moreover, the higher the correlation,
the better the chances that the forecast will be on target.

3.10 ASSOCIATIVE FORECASTING TECHNIQUES

Associative techniques rely on identification of related variables that can be used to predict
values of the variable of interest. For example, sales of beef may be related to the price per
pound charged for beef and the prices of substitutes such as chicken, pork, and lamb; real
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estate prices are usually related to property location and square footage; and crop yields are
related to soil conditions and the amounts and timing of water and fertilizer applications.

The essence of associative techniques is the development of an equation that summarizes
the effects of predictor variables. The primary method of analysis is known as regression. A
brief overview of regression should suffice to place this approach into perspective relative to
the other forecasting approaches described in this chapter.

Simple Linear Regression

The simplest and most widely used form of regression involves a linear relationship between
two variables. A plot of the values might appear like that in Figure 3.8. The object in linear
regression is to obtain an equation of a straight line that minimizes the sum of squared vertical
deviations of data points from the line (i.e., the least squares criterion). This least squares
line has the equation

Ye = a+ bx (3-13)

where

y. = Predicted (dependent) variable

x = Predictor (independent) variable

b = Slope of the line

a = Value of y. when x = 0 (i.e., the height of the line at the y intercept)

(Note: 1t is conventional to represent values of the predicted variable on the y axis and values
of the predictor variable on the x axis.) Figure 3.9 is a general graph of a linear regression line.

y
% Con'_1putef1 oo O
8 relationship =" e
E — —.’. [ )
> ® e~ L]
3 o L —"
B -=
Sl e
217 o
o
0 . . X
Predictor variable
y
+bX
s a
A
ooy
Ax T Ax
a
0 X

The line intersects the y axis where y = a. The slope of the line = b.
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Predictor variables Variables
that can be used to predict values
of the variable of interest.

Regression Technique for
fitting a line to a set of points.

Least squares line Minimizes
the sum of the squared vertical
deviations around the line.

L03.14 Compute and use
regression and correlation
coefficients.

FIGURE 3.8
A straight line is fitted to a set of
sample points

FIGURE 3.9

Equation of a straight line: The
line represents the average
(expected) values of variable y
given values of variable x
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The coefficients a and b of the line are based on the following two equations:

n(Zxy) — (Zx)(Zy)

b = 3-14
n(Ex?) — (Sx)? (>-14)
a = M ory — bx (3-15)
n
where

n = Number of paired observations

EXAMPLE 9 Healthy Hamburgers has a chain of 12 stores in northern Illinois. Sales figures and profits for
exce I the stores are given in the following table. Obtain a regression line for the data, and predict
hhe o e 126 profit for a store assuming sales of $10 million.
Unit Sales, x Profits, y
(in $ millions) (in $ millions)
$7 $0.15
2 0.10
6 0.13
4 0.15
14 0.25
15 0.27
16 0.24
12 0.20
14 0.27
20 0.44
15 0.34
7 0.17
SOLUTION First, plot the data and decide if a linear model is reasonable. (That is, do the points seem to

scatter around a straight line? Figure 3.10 suggests they do.) Next, using the appropriate Excel
template on the text Web site, obtain the regression equation y. = 0.0506 + 0.0159x (see
Table 3.3). For sales of x = 10 (i.e., 10 million), estimated profitis y. = 0.0506 + 0.0159(10) =
.2099, or $209,900. (Substituting x = 0 into the equation to produce a predicted profit of
$50,600 may appear strange because it seems to suggest that amount of profit will occur with
no sales. However, the value of x = 0 is outside the range of observed values. The regression
line should be used only for the range of values from which it was developed; the relation-
ship may be nonlinear outside that range. The purpose of the a value is simply to establish the
height of the line where it crosses the y axis.)

FIGURE 3.10

A linear model seems reasonable 50 -

40
30
20 °

10 °

Profits ($ ten thousands)
o0

2 4 6 8 10 12 14 16 18 20

Sales ($ millions)



TABLE 3.3  Using the Excel template for linear regression
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Simple Linear Regression Clear || : ||
<Back _lf 0.5

Slope = 0.0159 r=| 0.9166657 0.45 - O L
Intercept =| 0.0506008 r*=| 0.840276 04 - B
X y Forecast Error 0.35 1 L
7 0.15 0.1621124 | -0.0121124 03 - |
2 0.1 0.0824612 0.0175388 B
6 0.13 0.1461822 | -0.0161822 0.25 1 L
4 0.15 0.1143217 0.0356783 02 - |
14 0.25 0.273624 —0.023624 0
15 0.27 0.2895543 | —0.0195543 0.15 |
16 0.24 0.3054845 | —0.0654845 01 | n
12 0.2 0.2417636 | —0.0417636 n
14 0.27 0.273624 —0.003624 0.05 - B
20 0.44 0.3692054 0.0707946 0 n

15 0.34 0.2895543 0.0504457
7 0.17 0.1621124 0.0078876 0 10 15 20 %
oy Forecast‘ X [

X = 10 L]
Ax = 1 L] Forecast: | 0.2099031

One indication of how accurate a prediction might be for a linear regression line is the
amount of scatter of the data points around the line. If the data points tend to be relatively close
to the line, predictions using the linear equation will tend to be more accurate than if the data
points are widely scattered. The scatter can be summarized using the standard error of esti-
mate. It can be computed by finding the vertical difference between each data point and the
computed value of the regression equation for that value of x, squaring each difference, adding
the squared differences, dividing by n — 2, and then finding the square root of that value.

S, = E(Y_)’C)z
N\ n—-2

where

(3-16)

S, = Standard error of estimate
y =y value of each data point

n = Number of data points

For the data given in Table 3.3, the error column shows the y — y, differences. Squaring
each error and summing the squares yields .01659. Hence, the standard error of estimate is

Se = 4,L659 = .0407 million
12 -2

One application of regression in forecasting relates to the use of indicators. These are
uncontrollable variables that tend to lead or precede changes in a variable of interest. For
example, changes in the Federal Reserve Board’s discount rate may influence certain business
activities. Similarly, an increase in energy costs can lead to price increases for a wide range of
products and services. Careful identification and analysis of indicators may yield insight into
possible future demand in some situations. There are numerous published indexes and Web
sites from which to choose.? These include:

Net change in inventories on hand and on order.

Interest rates for commercial loans.

3See, for example, The National Bureau of Economic Research, The Survey of Current Business, The Monthly
Labor Review, and Business Conditions Digest.

Standard error of estimate

A measure of the scatter of

points around a regression line.



104

Correlation A measure of the
strength and direction of rela-
tionship between two variables.
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Industrial output.
Consumer price index (CPI).
The wholesale price index.

Stock market prices.

Other potential indicators are population shifts, local political climates, and activities of
other firms (e.g., the opening of a shopping center may result in increased sales for nearby
businesses). Three conditions are required for an indicator to be valid:

1. The relationship between movements of an indicator and movements of the variable
should have a logical explanation.

2.  Movements of the indicator must precede movements of the dependent variable by
enough time so that the forecast isn’t outdated before it can be acted upon.

3. A fairly high correlation should exist between the two variables.

Correlation measures the strength and direction of relationship between two variables.
Correlation can range from —1.00 to +1.00. A correlation of +1.00 indicates that changes
in one variable are always matched by changes in the other; a correlation of —1.00 indicates
that increases in one variable are matched by decreases in the other; and a correlation close
to zero indicates little linear relationship between two variables. The correlation between two
variables can be computed using the equation

_ n(Sxy) — (Sx)(Sy)
InEx?) — 02 YnEy?) — (Sy)?

The square of the correlation coefficient, 2, provides a measure of the percentage of vari-
ability in the values of y that is “explained” by the independent variable. The possible values
of 7% range from 0 to 1.00. The closer #* is to 1.00, the greater the percentage of explained
variation. A high value of %, say .80 or more, would indicate that the independent variable is
a good predictor of values of the dependent variable. A low value, say .25 or less, would indi-
cate a poor predictor, and a value between .25 and .80 would indicate a moderate predictor.

, (3-17)

Comments on the Use of Linear Regression Analysis

Use of simple regression analysis implies that certain assumptions have been satisfied. Basi-

cally, these are as follows:

1. Variations around the line are random. If they are random, no patterns such as cycles or
trends should be apparent when the line and data are plotted.

2. Deviations around the average value (i.e., the line) should be normally distributed. A
concentration of values close to the line with a small proportion of larger deviations
supports the assumption of normality.

3. Predictions are being made only within the range of observed values.

If the assumptions are satisfied, regression analysis can be a powerful tool. To obtain the
best results, observe the following:

1. Always plot the data to verify that a linear relationship is appropriate.

2. The data may be time-dependent. Check this by plotting the dependent variable versus
time; if patterns appear, use analysis of time series instead of regression, or use time as
an independent variable as part of a multiple regression analysis.

3. A small correlation may imply that other variables are important.
In addition, note these weaknesses of regression:
Simple linear regression applies only to linear relationships with one independent variable.

2. One needs a considerable amount of data to establish the relationship—in practice, 20
or more observations.

3. All observations are weighted equally.
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Sales of new houses and three-month lagged unemployment are shown in the following table.
Determine if unemployment levels can be used to predict demand for new houses and, if so,
derive a predictive equation.

Period .......cccvveenieiniinin. 1 2 3 4 5 6 7 8 9 10 1
Units Sold ......cocvvverircinnes 20 41 17 35 25 31 38 50 15 19 14
Unemployment %

(three-month lag) ..... 7.2 4.0 7.3 55 6.8 6.0 5.4 3.6 8.4 7.0 9.0

1. Plot the data to see if a linear model seems reasonable. In this case, a linear model seems
appropriate for the range of the data.

50 o
40 - .
30

20 %

Units sold, y
°

10

0 L L L L L
2 4 6 8 10

Level of unemployment (%), x

2. Check the correlation coefficient to confirm that it is not close to zero using the Web site
template, and then obtain the regression equation:

r = —.966
This is a fairly high negative correlation. The regression equation is

y = 71.85 — 6.91x

Note that the equation pertains only to unemployment levels in the range 3.6 to 9.0,
because sample observations covered only that range.
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L03.15 Construct control
charts and use them to monitor
forecast errors.

Control chart A visual tool
for monitoring forecast errors.

FIGURE 3.11
Conceptual representation of a
control chart
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Nonlinear and Multiple Regression Analysis

Simple linear regression may prove inadequate to handle certain problems because a linear
model is inappropriate or because more than one predictor variable is involved. When non-
linear relationships are present, you should employ nonlinear regression; models that involve
more than one predictor require the use of multiple regression analysis. While these analyses
are beyond the scope of this text, you should be aware that they are often used. Multiple
regression forecasting substantially increases data requirements.

3.11 MONITORING FORECAST ERROR

Many forecasts are made at regular intervals (e.g., weekly, monthly, quarterly). Because fore-
cast errors are the rule rather than the exception, there will be a succession of forecast errors.
Tracking the forecast errors and analyzing them can provide useful insight on whether fore-
casts are performing satisfactorily.

There are a variety of possible sources of forecast errors, including the following:

1. The model may be inadequate due to (a) the omission of an important variable, (b) a
change or shift in the variable that the model cannot deal with (e.g., sudden appearance
of a trend or cycle), or (c) the appearance of a new variable (e.g., new competitor).

2. Irregular variations may occur due to severe weather or other natural phenomena,
temporary shortages or breakdowns, catastrophes, or similar events.

3. Random variations. Randomness is the inherent variation that remains in the data after
all causes of variation have been accounted for. There are always random variations.

A forecast is generally deemed to perform adequately when the errors exhibit only ran-
dom variations. Hence, the key to judging when to reexamine the validity of a particular
forecasting technique is whether forecast errors are random. If they are not random, it is
necessary to investigate to determine which of the other sources is present and how to cor-
rect the problem.

A very useful tool for detecting nonrandomness in errors is a control chart. Errors
are plotted on a control chart in the order that they occur, such as the one depicted in
Figure 3.11. The centerline of the chart represents an error of zero. Note the two other lines,
one above and one below the centerline. They are called the upper and lower control limits
because they represent the upper and lower ends of the range of acceptable variation for
the errors.

In order for the forecast errors to be judged “in control” (i.e., random), two things are
necessary. One is that all errors are within the control limits. The other is that no patterns
(e.g., trends, cycles, noncentered data) are present. Both can be accomplished by inspection.
Figure 3.12 illustrates some examples of nonrandom errors.

Technically speaking, one could determine if any values exceeded either control limit
without actually plotting the errors, but the visual detection of patterns generally requires
plotting the errors, so it is best to construct a control chart and plot the errors on the chart.

Upper control limit

Normal distribution of forecast errors
+ °
A o o Range of
Error Op———J)———————————————————— o | random
- * Fordcast error” variability
for period 8

Lower control limit

0 1 2 3 4 5 6 8 _.
Period Time
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FIGURE 3.12  Examples of nonrandomness

Error above the

Point beyond a control limit upper control limit Trend
Upper control limit T
[ )
° ° ° L4 e oo
° ° a e o °
(] [ ] (] (] (] [ ) [ [} [
° ° ° ° ° L4 ° ° ° °
° ° °

Lower control limit

Cycling Bias (too many points on one side of the centerline)

To construct a control chart, first compute the MSE. The square root of MSE is used in
practice as an estimate of the standard deviation of the distribution of errors.* That is,

s = JMSE (3-18)

Control charts are based on the assumption that when errors are random, they will be dis-
tributed according to a normal distribution around a mean of zero. Recall that for a normal
distribution, approximately 95.5 percent of the values (errors in this case) can be expected to
fall within limits of 0 = 2s (i.e., 0 = 2 standard deviations), and approximately 99.7 percent
of the values can be expected to fall within = 3s of zero. With that in mind, the following for-
mulas can be used to obtain the upper control limit (UCL) and the lower control limit (LCL):

UCL: 0 + z/MSE
LCL: 0 — zMSE

where

z = Number of standard deviations from the mean
Combining these two formulas, we obtain the following expression for the control limits:

Control limits: 0 = z+/MSE (3-19)
Compute 2s control limits for forecast errors when the MSE is 9.0. EXAMPLE 11

UCL = 0 + 2(3.0) = +6.0
LCL = 0 — 2(3.0) = —6.0

[ —\2
e —e
“The actual value could be computed as § = 2(—1)

n—
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Tracking signal The ratio of
cumulative forecast error to the
corresponding value of MAD,
used to monitor a forecast.

Bias Persistent tendency for
forecasts to be greater or less
than the actual values of a time
series.

EXAMPLE 12
eXcel
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Another method is the tracking signal. It relates the cumulative forecast error to the aver-
age absolute error (i.e., MAD). The intent is to detect any bias in errors over time (i.e., a
tendency for a sequence of errors to be positive or negative). The tracking signal is computed
period by period using the following formula:

>(Actual, — Forecast,)

Tracking signal, = -2
g signal, MAD, (3-20)

Values can be positive or negative. A value of zero would be ideal; limits of = 4 or = 5
are often used for a range of acceptable values of the tracking signal. If a value outside the
acceptable range occurs, that would be taken as a signal that there is bias in the forecast, and
that corrective action is needed.

After an initial value of MAD has been determined, MAD can be updated and smoothed
(SMAD) using exponential smoothing:

SMAD; = MAD;-; + «(|Actual — Forecast, — MAD;_1) (3-21)

Monthly attendance at financial planning seminars for the past 24 months, and forecasts and
errors for those months, are shown in the following table. Determine if the forecast is working
using these approaches:

1. A tracking signal, beginning with month 10, updating MAD with exponential smoothing.
Use limits of £ 4 and o = .2.

2. A control chart with 2s limits. Use data from the first eight months to develop the control
chart, and then evaluate the remaining data with the control chart.

A F A-F Cumulative
Month (Attendance) (Forecast) (Error) lel lel
1 47 43 4 4 4
2 51 44 7 7 11
3 54 50 4 4 15
4 55 51 4 4 19
5 49 54 -5 5 24
6 46 43 -2 2 26
7 38 46 -8 8 34
8 32 44 -12 12 46
9 25 35 -10 10 56
10 24 26 -2 2 58
11 30 25 5 5
12 35 32 3
13 44 34 10 10
14 57 50 7
15 60 51 9 9
16 55 54 1 1
17 51 55 —4 4
18 48 51 -3 3
19 42 50 -8 8
20 30 43 -13 13
21 28 38 -10 10
22 25 27 -2 2
23 35 27 8 8
24 38 32 6 6
-1
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The sum of absolute errors through the 10th month is 58. Hence, the initial MAD is
58/10 = 5.8. The subsequent MADs are updated using the formula MAD,,.,, = MADq4 +
a(le]— MAD,4). The results are shown in the following table.

The tracking signal for any month is

Cumulative error at that month
Updated MAD at that month

Tracking Signal

t MADt = MADt _ ; Cumulative = Cumulative

(Month) lel + .2(lel— MADt _,) Error Errort = MADt
10 -20 —20/5.800 = —3.45
1 5 5.640 = 5.8 + .2(5 — 5.8) —15 —15/5.640 = —2.66
12 3 5.112 = 5.640 + .2(3 — 5.64) -12 —12/5.112 = —2.35
13 10 6.090 = 5.112 + .2(10 — 5.112) -2 —2/6.090 = —0.33
14 7 6.272 = 6.090 + .2(7 — 6.090) 5 5/6.272 = 0.80
15 9 6.818 = 6.272 + .2(9 — 6.272) 14 14/6.818 = 2.05
16 1 5.654 = 6.818 + .2(1 — 6.818) 15 15/5.654 = 2.65
17 4 5.323 = 5.654 + .2(4 — 5.654) 1 11/5.323 = 2.07
18 3 4.858 = 5.323 + .2(3 — 5.323) 8 8/4.858 = 1.65
19 8 5.486 = 4.858 + .2(8 — 4.858) 0 0/5.486 = 0.00
20 13 6.989 = 5.486 + .2(13 — 5.486) -13 —13/6.989 = —1.86
21 10 7.591 = 6.989 + .2(10 — 6.989) -23 —23/7.591 = —3.03
22 2 6.473 = 7.591 + .22 — 7.591) —25 —25/6.473 = —3.86
23 8 6.778 = 6.473 + .2(8 — 6.473) =17 —17/6.778 = —2.51
24 6 6.622 = 6.778 + .2(6 — 6.778) -1 —11/6.622 = —1.66

Because the tracking signal is within = 4 every month, there is no evidence of a problem.

a. Make sure that the average error is approximately zero, because a large average would
suggest a biased forecast.

b. Compute the standard deviation:

2
¢ = JMSE = |=¢
n—1
_ \/42 SR S el ) Wl e Sl . W S -
8§ —1 '

c. Determine 2s control limits:

0*x2s=0=x2691) = —13.82to +13.82

(1) Check that all errors are within the limits. (They are.)
(2) Plot the data (see the following graph), and check for nonrandom patterns. Note the
strings of positive and negative errors. This suggests nonrandomness (and that an

improved forecast is possible). The tracking signal did not reveal this.
15

152/\ ~ N\ /]
SN\

—-15

Error
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L03.16 Describe the key
factors and trade-offs to
consider when choosing a
forecasting technique.

FIGURE 3.13

Removal of a pattern usually

results in less variability, and,
hence, narrower control limits
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A plot helps you to visualize the process and enables you to check for possible patterns (i.e.,
nonrandomness) within the limits that suggest an improved forecast is possible.’

Like the tracking signal, a control chart focuses attention on deviations that lie outside pre-
determined limits. With either approach, however, it is desirable to check for possible patterns
in the errors, even if all errors are within the limits.

If nonrandomness is found, corrective action is needed. That will result in less variability
in forecast errors, and, thus, in narrower control limits. (Revised control limits must be com-
puted using the resulting forecast errors.) Figure 3.13 illustrates the impact on control limits
due to decreased error variability.

Comment The control chart approach is generally superior to the tracking signal approach.
A major weakness of the tracking signal approach is its use of cumulative errors: Individual
errors can be obscured so that large positive and negative values cancel each other. Con-
versely, with control charts, every error is judged individually. Thus, it can be misleading to
rely on a tracking signal approach to monitor errors. In fact, the historical roots of the tracking
signal approach date from before the first use of computers in business. At that time, it was
much more difficult to compute standard deviations than to compute average deviations; for
that reason, the concept of a tracking signal was developed. Now computers and calculators
can easily provide standard deviations. Nonetheless, the use of tracking signals has persisted,
probably because users are unaware of the superiority of the control chart approach.

3.12 CHOOSING A FORECASTING TECHNIQUE

Many different kinds of forecasting techniques are available, and no single technique works
best in every situation. When selecting a technique, the manager or analyst must take a num-
ber of factors into consideration.

The two most important factors are cost and accuracy. How much money is budgeted for
generating the forecast? What are the possible costs of errors, and what are the benefits that
might accrue from an accurate forecast? Generally speaking, the higher the accuracy, the
higher the cost, so it is important to weigh cost—accuracy trade-offs carefully. The best fore-
cast is not necessarily the most accurate or the least costly; rather, it is some combination of
accuracy and cost deemed best by management.

Other factors to consider in selecting a forecasting technique include the availability of
historical data; the availability of computer software; and the time needed to gather and ana-
lyze data and to prepare the forecast. The forecast horizon is important because some tech-
niques are more suited to long-range forecasts while others work best for the short range. For
example, moving averages and exponential smoothing are essentially short-range techniques,
since they produce forecasts for the next period. Trend equations can be used to project over
much longer time periods. When using time-series data, plotting the data can be very helpful
in choosing an appropriate method. Several of the qualitative techniques are well suited to

Before Time ==

SThe theory and application of control charts and the various methods for detecting patterns in the data are cov-
ered in more detail in Chapter 10, on quality control.
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long-range forecasts because they do not require historical data. The Delphi method and exec-
utive opinion methods are often used for long-range planning. New products and services lack
historical data, so forecasts for them must be based on subjective estimates. In many cases,
experience with similar items is relevant. Table 3.4 provides a guide for selecting a forecasting
method. Table 3.5 provides additional perspectives on forecasts in terms of the time horizon.

TABLE 3.4 A guide to selecting an appropriate forecasting method

Forecasting Amount of Forecast Preparation Personnel
Method Historical Data Data Pattern Horizon Time Background
Moving average 2 to 30 observations Variation around Short Short Little sophistication
an average
Simple exponential 5 to 10 observations Variation around Short Short Little sophistication
smoothing an average
Trend-adjusted 10 to 15 observations Trend Short to medium Short Moderate
exponential sophistication
smoothing
Trend models 10 to 20; for Trend Short to medium Short Moderate
seasonality at sophistication
least 5 per season
Seasonal Enough to see Handles cyclical Short to medium Short to moderate Little sophistication
2 peaks and and seasonal
troughs patterns
Causal regression 10 observations per Can handle Short, medium, or Long development Considerable
models independent complex patterns long time, short time sophistication
variable for implementation

Source: Adapted from J. Holton Wilson and Deborah Allison-Koerber, “Combining Subjective and Objective Forecasts Improves Results,” Journal of Business Forecasting, Fall 1992, p. 4.
Copyright © 1992 Institute of Business Forecasting. Used with permission.

[l .Fr(ﬁeBcle;Et %c?ors by range of
Range forecast
1. Frequency Often Occasional Infrequent
2. Level of aggregation Item Product family Total output
Type of
product/service
3. Type of model Smoothing Projection Managerial judgment
Projection Seasonal
Regression Regression
4. Degree of Low Moderate High
management
involvement
5. Cost per forecast Low Moderate High

In some instances, a manager might use more than one forecasting technique to obtain
independent forecasts. If the different techniques produced approximately the same predic-
tions, that would give increased confidence in the results; disagreement among the forecasts
would indicate that additional analysis may be needed.
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3.13 USING FORECAST INFORMATION

A manager can take a reactive or a proactive approach to a forecast. A reactive approach views
forecasts as probable future demand, and a manager reacts to meet that demand (e.g., adjusts
production rates, inventories, the workforce). Conversely, a proactive approach seeks to
actively influence demand (e.g., by means of advertising, pricing, or product/service changes).

Generally speaking, a proactive approach requires either an explanatory model (e.g.,
regression) or a subjective assessment of the influence on demand. A manager might make
two forecasts: one to predict what will happen under the status quo and a second one based on
a “what if”” approach, if the results of the status quo forecast are unacceptable.

3.14 COMPUTER SOFTWARE IN FORECASTING

Computers play an important role in preparing forecasts based on quantitative data. Their use
allows managers to develop and revise forecasts quickly, and without the burden of man