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Abstract

Engineering managers and professionals make long and lasting impact 
in industry by regularly initiating and completing technology-based proj-
ects, as related to new product development, new service innovation or 
efficiency-centered process improvement, or both, to create strategic dif-
ferentiation and operational excellence for their employers. They need 
certain business fundamentals that enable them to make decisions, based 
on both technology and business perspectives, leading to new or improved 
product/service offerings, which are technically feasible, economically 
viable, marketplace acceptable, and customer enlightening. Peter Drucker 
said, “Making good decisions is a crucial skill at every level.”

This book consists of three sets of business fundamentals. The chap-
ter “Cost Accounting and Control” discusses service and product costing, 
activity-based costing to define overhead expenses, and risk analysis and 
cost estimation under uncertainty. The chapter “Financial Accounting and 
Analysis” delineates the key financial statements, financial analyses, bal-
anced scorecard, ratio analysis, and capital asset valuation, which includes 
operations, opportunities, and acquisition/mergers. The chapter “Market-
ing Management” reviews marketing functions, marketing forecasting, 
marketing segmentation, customers, and other factors affecting marketing 
in making value-adding contributions.

The new business vocabulary and useful analysis tools presented in 
this book will enable engineering managers to become more effective 
when interacting with senior management, and to ready themselves for 
assuming higher-level corporate responsibilities. It should be of great ben-
efit to engineering managers and professionals who aspire to add value 
of increasing magnitude to their employers over time, based on their per-
spectives and decision-making capabilities, broadened by having acquired 
the useful business fundamentals. As all discussions of these topics are 
enhanced by examples, this book is particularly suitable for self-study, 
college courses, or as a desk reference by engineering managers and 



professionals. After reading this book, they will have the vocabulary, the 
broadened perspectives, and the tools to effectively apply the discussed 
business concepts and become increasingly effective leaders.

KEY WORDS

business fundamentals, business perspectives, cost accounting, financial 
accounting and analysis, management, marketing management
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Preface

A firm’s efficacy of achieving business success is based on being able to 
provide a product/service better than that of its competitors, such as sell-
ing a lower price, offering richer features, functioning with higher reliabil-
ity, being more customizable, and/or adding more value. For employees to 
make useful contributions in this respect, they need special know-how and 
outstanding preparation. This book covers the fundamentals of business 
management, which includes cost accounting, financial accounting and 
analysis, and marketing management. It is to enable engineering manag-
ers and professionals to facilitate their interactions with peer groups and 
senior managers and to make decisions based on both technological and 
business perspectives so that such decisions will achieve a broad-based 
acceptance by key decision makers and peers involved and receiving 
strong management support of its implementation.

Specifically, the contents of this book facilitate the decision making 
related to cost, finance, and services, as well as discounted cash flow and 
internal rate of return, especially during the product/service design phase 
in which a major portion of the final costs of products/services will be 
defined. Activity-based costing (ABC) is presented to define indirect costs 
related to products/services. It is useful for engineering managers and pro-
fessionals to fully understand the costs (direct and indirect) of their prod-
ucts/services and strive to reduce them constantly.

By understanding the project evaluation criteria and the tools of 
financial analyses, engineering managers and professionals will be in a 
better position to secure project approvals by the senior leaders of the 
organization and to assess the health of a given external enterprise (such 
as suppliers or business partners to be), using the balanced scorecards. 
Also discussed will be economic value added (EVA), which determines 
the real profitability of the enterprise above and beyond its cost of capital 
deployed. For engineering managers and professionals to lead, a major 
challenge is the initiation, development, and implementation of major 
technology-based projects that are technically feasible and economically 



xii   •   Preface

viable, resource conserving, and marketplace acceptable, while contribut-
ing to the long-term profitability of the company.

The important roles of marketing in any profit-seeking enterprise are 
self-evident. A critical step to developing technological projects that are 
attractive to the marketplace is the acquisition and incorporation of cus-
tomer feedback. Engineering managers and professionals are expected 
to actively make contributions to support the marketing efforts. Many 
progressive enterprises are increasingly concentrating on customer rela-
tionship management to grow their businesses. Such a customer focus is 
expected to continue to serve as a key driving force for product/service 
design, project management, process improvement, productivity enhance-
ment, customer services, and many other customer-centered activities.

Many illustrative examples are introduced to enhance the description 
of these business concepts. The use of business vocabulary and the associ-
ated business perspectives will greatly substantiate the decisions made by 
engineering managers and professionals.

I like to express my sincere appreciation to the State University of 
New York at Buffalo (SUNY-Buffalo) for the opportunities of having 
taught the graduate courses on Engineering Management there in the past 
25 years. These courses included detailed discussions on cost accounting, 
financial accounting and analysis, and marketing management. During a 
part of this 25-year period, I was employed full time at Praxair, a For-
tune-100 company specialized in industrial gases, to develop R&D tech-
nologies and conduct business-development activities. After I left Praxair 
and joined SUNY-Buffalo, I was involved in the development of a Mas-
ter’s Degree Program in Service Systems Engineering at its Department 
of Industrial and Systems Engineering in 2006, and was appointed as its 
full-time director for a brief period of time. Both sets of industrial and aca-
demic work experience offered me excellent opportunities to gain useful 
insights that have benefited me when writing this book.

It is my pleasure to thank Steward Mattson, senior vice president and 
COO of Business Expert Press/Momentum Press to have invited me to serve 
as the editor of a new Momentum Press Collection on Engineering Manage-
ment, this book being the first of this series. I also want to acknowledge the 
able assistance of the Momentum Press, especially Shoshanna Goldberg, 
who made the publication process efficient and pleasant.

C. M. Chang, PhD, MBA, PE
State University of New York at Buffalo,

Buffalo, New York, USA



CHAPTER 1

Introduction

This book is written for engineering managers and professionals who are 
college graduates in a STEM (science, technology, engineering, and math) 
field and engage in one or more of the following types of work in industry: 
(a) design and develop new products and services; (b) manage projects 
of various kinds, such as operation of plants, installation of equipment, 
upgrade of facilities, and process improvement to cut cost and speed up 
cycle time, for which there are well-defined objectives, budgets, dead-
lines, and constraints to satisfy, involving different resources and talented 
people; (c) create actionable solutions to problems as related to technol-
ogy deployment, operation, business partnership, supply chain develop-
ment, and others; and (d) lead or participate in other activities (such as 
strategic planning, acquisition and merger assessment, technology intro-
duction, supplier evaluation, and others) that require consideration from 
the standpoints of cost, finance, and marketing, in addition to that of tech-
nology and engineering.

Engineering managers and professionals need a set of business 
skills, which enable them to comfortably exercise judgments and make 
decisions from both the engineering and business perspectives. Hav-
ing acquired skills in business fundamentals will benefit them in many 
ways: (a) offer decisions that are broad-based to better satisfy a diverse 
set of stakeholders, each having different demands and needs. This is a 
consequence of all businesses becoming increasingly complex rendering 
technology/engineering being just one of many important aspects to pon-
der. (b) expand own perspectives and view angles to benefit from seeing 
the world in broadened perspectives, without getting lost in the details. 
(c)  enhance the prospective thinking while developing vision to create 
new opportunities, pinpoint new problems, recognize new patterns, detect 
new barriers, foray into a new market, war-game some future scenarios, 
and becoming experts who can see around the corners. (d) burnish own 
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leadership credentials and participate in decision making regarding new 
corporate strategies to ferret out competitive advantages. (e) protect one-
self from being too narrowly focused on technology/engineering aspects 
and be hurt unknowingly by forces outside of one’s control. For example, 
by observing global trend, industrial changes, and enterprise level perfor-
mance, some might decide to move to another career option, before it is 
too late. (f) gain new insights in business fundamentals and become well 
versed in assessing financial publications and other data sources, in order 
to pounce on investment opportunities (e.g., stock market, real estate, and 
foreign investment opportunities).

Coplin1 suggested that professionals need to master 10 skills to suc-
ceed, which include: (a) taking responsibility, (b) developing physical 
skills, (c) communicating verbally, (d) communicating in writing, (e) work-
ing directly with people, (f) influencing people, (g) gathering information, 
(h) using quantitative tools, (i) asking and answering the right questions, 
and (j) solving problems. The general validity and usefulness of these skills 
are self-evident, as most of these skills should have been learned while 
in college or by self-study. However, to be effective in today’s business 
environment, “asking and answering the right questions” require the use of 
pertinent vocabulary, domain concepts, knowledge, and insights. Only with 
the right preparation in business fundamentals will such actions of “ask-
ing and answering questions” by engineering managers and professionals 
be effective. The same goes with the skills related to “communications,” 
“influencing people,” and “solving problems.”

Many for-profit organizations have the business mission to offer 
products or services to individual customers or corporate clients. For 
products or services to achieve sustainable profitability, they need to be 
(a)  technically feasible to produce, (b) financially viable to design and 
generate, (c) strategically differentiable from competition, and (d) mar-
ketplace acceptable for enough customers to purchase. The acceptance in 
the marketplace requires that the novel products/services meet customers’ 
current and future needs, sell at a price that is competitive with respect 
to other options customers have, produce enough gross margin for the 
company to generate profitability, distribute the products/services in ways 
convenient to the customers, and secure customer feedback to regularly 
update the offerings in order to retain many of them over time.

Engineering managers and professionals are generally talented in 
making contributions to assure technological feasibility of products and 
services, as many of them are well trained in STEM disciplines. Highly 
useful will be knowledge in cost accounting (including product costing, 
activity-based costing, target costing principle, and the application of 
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Monte-Carlo simulation method), which will enable them to assure that 
the products/services meet specific cost targets and remain economically 
viable, under a given pricing scenario. Understanding the basic tools in 
finance and accounting will allow them to readily check the financial via-
bility of any technology project (such as the development of new products/
services) using the net present value (NPV) analysis, which involves the 
use of a multiyear income statement. Exposure to marketing management 
concepts is useful, in order for them to become familiar with the tools 
available to reach customers by (a) understanding their current and future 
needs for the features of products/services in questions; (b)  networking 
with them for possible collaboration for future product/service design; 
(c) becoming aware of customers’ usage patterns to foster improved cus-
tomization; (d) appreciating customer’s buying decision, including pricing 
sensitivity; and (e) recognizing customers’ preferences regarding service, 
maintenance, and repair. Knowledge is a decisive and competitive power to 
an enterprise, if it is created, maintained, and widely applied to add value.

The chapters on cost accounting, financial accounting, and marketing 
management in this book will help engineering managers and profession-
als to acquire these business fundamentals so that they are in a position to 
quickly and independently assess the technical, financial, and marketing 
attractiveness of any new product/service ideas they may come up with, 
thus, improving the effectiveness by which they could contribute to the 
business success of their employers.

For example, when suggesting a new product for the company to 
design, produce, and market in a given region, senior managers will want 
to know how novel the product concept is; how much will be the unit cost 
to produce; how likely will this product be successful at the gross margin 
level of say 35 percent, in view of the competition in the marketplace; 
what initial investment will it require; and what might be its projected 
NPV to the company. If these questions cannot be answered by the project 
team, the new product idea will quite likely not fly, even if its design con-
cept is highly novel and readily patentable. The answers will need to be 
prepared by people who are well versed with the technologies involved as 
well as the basic business fundamentals discussed in this book.

Specifically, three chapters are elucidated in this book. Chapter 2 
addresses the issues related to cost accounting. The fundamentals of engi-
neering economy are briefly reviewed in its Appendix, where a large num-
ber of examples are included to illustrate the basic principles and the use 
of these tools. Specific topics such as inventory accounting, depreciation 
accounting, product cost accounting, target costing, activity-based cost-
ing, and others are included. Chapter 3 introduces financial accounting 
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and analysis, and the important financial documents of income statement, 
balance sheet, and funds flow statement are introduced. The industrial 
standard of evaluating the financial viability of any technology project 
(e.g., developing a new product or service, retrofitting an old machinery, 
activating a productivity enhancing procedure, initiating a Lean Six Sigma 
project, etc.) requires the formation of a multiyear income statement, in 
which the cost of the project and its anticipated benefits are assessed 
to determine the project’s NPV. Financial statements are the standard 
instruments to record the corporate performance. They are quite easy for 
engineering managers and professionals to master. Chapter 4 covers mar-
keting management. Without being able to market the company’s products 
or services, no profitability can be achieved. Companies pay attention to 
4Ps—(a) product (design, features, functionalities, value); (b) price (in 
view of competitive offerings); (c) promotion (channels, messages); and 
(d) placement (also called distribution that represents the ways to bring 
the products to customers). For marketing services, companies will add 
additional three more Ps—(e) process (the procedure of conducting activ-
ities, such as order processing, customer inquiries, problem solving, etc.); 
(f) people (friendliness and capabilities of customer-facing agents); and 
(g) physical evidence (e.g., color and design of lobby building, newness of 
office furniture and equipment, and dress codes of service agents). Com-
panies are most interested in knowing more about the product features and 
service functionalities of value to potential customers, their buying crite-
ria, and their anticipated future needs, as these inputs would help improve 
the design of future products and services.

The final chapter (Chapter 5) includes a few concluding remarks, 
reiterating the value of acquiring business fundamentals to engineering 
managers and professionals. References are cited for those who like to 
read on further in becoming well versed with additional details related to 
these business fundamentals.

There are a large number of colleges (such as MIT, Carnegie Mellon, 
University of Texas, Stanford, University of Pennsylvania, etc.) that offer 
MBA degrees with an Information technology concentration. In spring 
2014, Cornell University at Ithaca plans to launch a one-year MBA degree 
program to give engineers a grounding in business management skills. 
Based on these educational examples, it should indeed be quite useful 
for technologists, besides IT engineers, to become well versed in some 
business fundamentals.

A number of themes permeate this book, which is written to facili-
tate the self-study of business fundamentals by engineering managers and 
professionals. It includes many examples with answers so that relevant 
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concepts are clearly illustrated, as the saying goes: “Never doubt the power 
of examples.” Currently, there are no books like this available in the mar-
ketplace, as described by the following short book reviews:

1.	 Cather et al.’s2 book covers (a) organizing skills, (b) human 
resource management, (c) law, (d) project management, (e) money 
in the organization, (f) meeting customer’s needs, (g) information 
technologies, and (h) electronic commerce. It is written for under-
graduate students. The Cather book has a total of seven chapters on 
organizations and organizing, human resource management, law, 
project management, money in the organization, meeting customer 
needs, information technology, and electronic commerce. There is 
little overlap in coverage between the Cather book and this one of 
mine.

2.	 Brown’s3 book is written primarily for utility engineers. It covers 
the following chapters: (a) Utilities, (b) Accounting, (c) Econom-
ics, (d) Finance, (e) Risks, (f) Financial Ratios, (g) Rate Making, 
(h) Budgeting, and (i) Asset Management. Written specifically for 
utility engineers, Brown’s book covers regulation, rate making, 
accounting, finance, risk management, economics, budgeting, and 
asset management. It does not cover marketing management, which 
is extremely valuable in the industrial world of importance to engi-
neering managers.

3.	 McCubbrey’s4 book is written primarily for entrepreneurs and covers 
the following 15 chapters: (a) The Business Ecosystem, (b) The Mind 
of Entrepreneur, (c) Business Models and Marketing, (d) Organize 
and Lead an Entrepreneurial Venture, (e) Selecting and Managing 
Team, (f) Marketing on a Global Scale, (g) Operations Management, 
(h) Securing and Managing External Relations, (i) Financial and 
Managerial Accounting, (j) Leveraging with Information Technol-
ogy, (k) Competitive Intelligence, (l) Business Ethics, (m) Adding 
Products and Services, (n) International Business for the Entrepre-
neur, and (o) Growth Strategy for Start-ups. Indeed, many of these 
topics are broadly useful for professionals working in industry, but 
they do not overlap with those covered in this book of mine.

4.	 Babson’s5 book is written for people with general background and 
has the following chapters: (a) The Use of Statistics, (b) Fundamen-
tals and What They Foretell, (c) Making Figures Talk, (d) Forecast-
ing Business Condition, (e) The Seesaw of Supply and Demand, 
(f)  Scientific Purchasing, (g) Managing Men and Economic Law, 
(h)  Solving the Production Problem, (i) Methods of Marketing, 
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(j)  Selling a City, (k) Selling an Industry, (l) The Trend of Busi-
ness, (m) Financial Independence, (n) Investing Your Income, 
(o) Successful Speculation, (p) Business Problems, (q) Investment 
Problems, (r) A Continuous Working Plan for Your Money, and 
(s) Conclusions. Again, its coverage is broad and there is little over-
lap with this book of mine.

Alexander Graham Bell said: “Before anything else, preparation is 
the key to success.” The business fundamentals discussed in this book 
will help prepare engineering professionals to become better contributors, 
by thinking more broadly when making decisions and communicating in 
suitable business language (as related to cost, profit, gross margin, mar-
ket segmentation, customer feedback, market share, and others) to garner 
support from others in different functional divisions. Doing so will signifi-
cantly expand the likelihood that their judgments and decisions would be   
readily accepted by others. As the Japanese proverb says: “None of us are 
as smart as all of us,” and gaining others’ acceptance and understanding is 
of great importance in achieving success in industry.

Strong timber does not live at ease, the stronger the breeze, the stron-
ger the trees. Demonstrating such decision and communication capabili-
ties is essential for any engineering manager and professional, who brings 
his or her deep knowledge, experience, and wisdom to bear to enhance the 
enterprise’s capability of shaping outcome and ameliorating its fortune.



CHAPTER 2

Cost Accounting  
and Control

2.1  INTRODUCTION

Cost estimation is the assessment of the value of resources consumed in 
the generation of a product/service offered for sales. Cost accounting and 
control are very important management functions in both profit-seeking 
and nonprofit organizations.

A profit-seeking enterprise strives to maximize its financial gains (e.g., 
sales revenue minus costs) for its investors. These gains can be sustained 
over time only if all stakeholders of the firm (e.g., investors, customers, 
employees, suppliers, business partners, and the community in which 
the firm operates) are reasonably satisfied. A nonprofit organization (e.g., 
the United Way, the Ford Foundation, government agencies, educational 
institutions, church organizations, etc.) seeks to maximize the organiza-
tion’s impact on its respective service recipients and target audience while 
minimizing operation costs.

This chapter covers the basics of cost accounting. The discussions 
focus on the costing of services and products.1 After some commonly uti-
lized accounting terms are introduced, the costing of products follows, 
including the estimation of direct costs absorbed into the company’s 
inventory. The complex problem of assigning indirect costs to products is 
illustrated by the conventional method of using overhead rates, as well as 
by the more sophisticated method of activity-based costing (ABC).

Estimation of costs with uncertainties is then presented. The Monte 
Carlo simulation is introduced as an effective method to account for cost 
uncertainties. Its superiority over the conventional estimation method, 
which uses deterministic data, is demonstrated through examples of the 
output distribution functions of the Monte Carlo simulation. Finally, 
inventory accounting is addressed to arrive at the all-important cost of 
goods sold (CGS).
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The cost analysis of a single period versus multiple periods is eluci-
dated in the Appendix, including topics such as the time value of money 
and compound interest formulas, and others related to engineering econ-
omy. It is important for all engineering managers and professionals to 
become well-versed in cost accounting, as part of their requisite skills 
to succeed, as they need to know how to estimate service/product costs, 
manage overhead costs, initiate steps to further reduce them, and bestow 
their employer’s business with predictable cost advantages.

2.2  BASIC TERMS IN COST ACCOUNTING

Engineering managers need to become familiar with the standard vocab-
ulary used by cost accountants or cost engineers, as costs are important 
bases for evaluating corporate performance, conducting profitability 
analysis of projects, and making managerial decisions. While the cost-
accounting systems used by various firms do not need to strictly follow 
the Generally Accepted Accounting Principles (GAAP) adopted by the 
financial accounting profession, engineering managers are still advised to 
understand the meaning of various accounting terms in order to ensure 
that their cost-based decisions are meaningful and understandable. The 
following is a general set of accounting terms used by many firms:2

1.	 Cost center: An organizational unit responsible for controlling 
costs related to its functional objectives (e.g., R&D, procurement, 
operations, engineering, design, and marketing).

2.	 Inventory costs: The total sum of product costs, which are com-
posed of the direct costs and indirect costs related to the manufac-
turing of the products currently stored in warehouses.

3.	 Direct costs: Material and labor costs associated with the manu-
facturing of finished product/service.

4.	 Indirect costs: All overhead costs (e.g., rent, procurement, depre-
ciation, supervision, supplies, power, quality control, safety, and 
others) indirectly associated with the fabrication of products/
services involved.

5.	 Fixed costs: Costs that do not strictly vary with the volume of 
products involved, such as the general manager’s salary, rent for 
the facility, machine depreciation charges, and local taxes.

6.	 Variable costs: Costs that vary in direct proportion to the volume 
of products involved, including, for example, material, labor, and 
utilities.
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7.	 Step function costs: Costs that would experience a step change 
when a specific volume range is exceeded; for example, the factory 
rent that may change stepwise if new floor space must be added 
because of the increased production volume.

8.	 Contribution margin: The product price minus unit variable 
cost, which is the economic value contributed by selling one unit 
of the product to defray the fixed cost already committed for the 
current production facility.

9.	 Cost pool: An organizational unit wherein costs incurred by its 
activities performed for specific products (or other cost targets) are 
accumulated for subsequent assignments.

10.	 Cost drivers: Bases used to allocate indirect costs to products. 
Products drive the consumption of resources and the utilization of 
resources incurs costs. Examples of cost drivers include floor space, 
head counts, number of transactions, number of employees, labor 
hours, machine hours, number of setups, material weight, and others.

11.	 Cost objects: Targets to allocate indirect costs, such as products 
and services sold by the firm, and customer groups served.

12.	 Budget: A quantitative expression in dollar value of a project or 
a plan of action. Examples include production budget, product 
design budget, engineering budget, R&D budget, sales budget, 
marketing budget, and advertising budget. Typically, budgets span 
a specific period of time (e.g., a month, a quarter, or a year).

13.	 Standard costs: Direct and indirect costs budgeted for products. 
The standard costs are defined by using estimations or historical 
costs.

14.	 Variance: The difference between standard costs and actual costs. 
Such variance could be the result of price variation, quantity 
change, technology advancement, and other factors. Convention-
ally, actual quantities are used when computing price variation to 
easily assess the procurement performance. On the other hand, the 
quantity-based variance is computed by using standard costs for 
an easy assessment of the production performance.

15.	 Current costs: Costs for the total efforts (e.g., physical efforts, 
raw materials, and service fees) that must be spent in order to carry 
out an activity or implement a plan. Current costs are typically 
used to inform managerial decision making.

16.	 Opportunity costs: The benefit of the second-best alternative that 
must be forgone because of a choice made for the first alterna-
tive. For example, an engineering manager who quits a job pay-
ing $100,000 a year to pursue a three-semester MBA degree at a 
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university incurs an opportunity cost at graduation of $150,000 
plus an out-of-pocket cost of $90,000 for tuition and other fees. 
Opportunity costs are included in managerial decision making, but 
are not included in a cost-accounting system.

17.	 Sunk costs: Costs that have already been spent or incurred. Such 
costs are typically included in all cost-accounting systems, but 
they are not considered in any management decision making for 
the future.

These accounting terms are relatively easy for anyone to acquire and make 
use of.

2.3  PRODUCT AND SERVICE COSTING

Product costing and service costing, being one of the key responsibilities 
of engineering managers, are similar in that both encompass the direct 
costs (e.g., raw materials, labor) and indirect costs (e.g., general supports, 
maintenance, overhead, and others), which are incurred during the phases 
of generating the service or product involved. Direct costs are those that 
vary directly with the volume/quantity of the service or product produced; 
these are relatively easy to properly account for. Indirect costs, on the 
other hand, are somewhat difficult to allocate because of the complex and 
varied nature of these costs and their nonobvious relationships to the cost 
objects at hand. Cost objects are the targets (e.g., services, products and 
customers) for which costing is to be performed.

The traditional practice of general ledger costing involves estimating 
all overhead costs for the upcoming year in a single cost pool (e.g., factory 
overhead [FO], utilities, safety programs, training, salaries of foremen and 
compensations of factory managers). This total is then divided by the esti-
mated number of labor hours to be worked. The result is an hourly over-
head rate. For each new product/service, the required labor hours are first 
estimated. The total overhead cost for this new product/service is then 
equal to the respective labor hours required to produce it multiplied by the 
hourly overhead rate.

According to Wiese,3 traditional costing systems accumulate costs 
into facility-wide or departmental cost pools. The costs in each cost pool 
are heterogeneous—of many different processes—and are generally not 
caused by a single method of resource utilization. Such a system allo-
cates costs to products/services based on volume (e.g., units, direct labor 
[DL] hours, machine hours, or revenue dollars). The resulting unit costs 
for products or services may be overestimated or underestimated in this 
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manner; specifically there will likely be a cost distortion of overcharging 
overhead to high-volume products and charging too little to low-volume 
products. A better method of allocating indirect costs is the ABC, which is 
introduced in the next section.

2.3.1  ACTIVITY-BASED COSTING

ABC is a cost-accounting technique by which indirect and administrative 
support costs are traced to activities and processes and then to the cost 
objects (e.g., services, products, or customers). It is based on the rationale 
that resources generate costs, activities utilize resources, and cost objects 
(e.g., products, services, and customers) consume activities.

ABC is built on the notion that an organization has to perform cer-
tain activities in order to generate products and services. These activities 
cost money. The cost of each of these activities is only measured by and 
assigned to those products or services requiring identifiable activities and 
using appropriate assignment bases (called cost drivers). The results of 
ABC analyses offer an accurate picture of the real cost of each product or 
service, including the cost of serving customers. Nonactivity costs (such 
as direct materials [DMs], DL, or direct outside services) do not need to be 
included because these costs are readily attributable to the specific product 
or service under consideration. ABC is most useful for companies with 
diverse products, service centers, channels, and customers, and for those 
companies whose overhead costs represent a large percentage of their 
overall costs for the product and service.4

In the service economy, direct manufacturing labor is no longer the 
overriding factor of production and the distinction between production 
and service departments has become decidedly blurred. The overall costs 
of products/services are more influenced by research, materials handling, 
procurement, equipment maintenance, quality control, and customer ser-
vice requirements than by DL. The ABC technique accumulates costs into 
activity cost pools, in accordance with the groups of major activities or 
business processes. The costs in each cost pool are largely incurred uni-
formly by a single factor—the cost driver. ABC systems allocate costs to 
specific cost objects (products, services, customers, etc.) from the cost 
pools using these applicable cost drivers as the allocation bases. As a con-
sequence, the cost information so provided is more accurate.5

According to Atkinson,6 ABC is particularly useful to service compa-
nies because: (a) Most costs are indirect and appear to be fixed. Variable 
costs tend to be small and frequently near zero. (b) Most costs are capacity-
related costs. These costs are based on the amount required, rather than 
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the amount used. (c) Most costs are customer specific rather that customer 
independent. For service companies, it is highly desirable to define the 
differential profitability of individual customers—each may demand dif-
ferent amount of resources to serve—by applying ABC.

All engineering managers and professionals should learn to practice 
ABC, because the traditional method of allocating overhead uses only 
high-level information about costs, and the general ledger system does 
not provide information related to time and resources spent on assign-
ments and activities. In contrast, a well-practiced ABC technique offers 
specific insights that include (a) a clearer picture for management as to 
which product or service generates profits and losses for the company, 
(b) the ability to track operating profits for specific cost objects (such as 
customers, orders, and products), (c) the ability to determine whether a 
service center is efficient or deficient, and (d) the possibility of exposing 
non–value-adding activities, which the company could reduce or elimi-
nate to improve its operational effectiveness.

Even a company with an overall profitability may lose money on cer-
tain products, orders, and customers in the absence of detailed costing 
information created by ABC. According to the published best practices of 
some industrial pioneers (such as Honeywell Inc. and Coca-Cola®) on the 
use of ABC, simpler ABC models deliver better results.

ABC has become increasingly popular with industrial companies, 
partly because it is useful for organizations of any size and does not require 
a massive effort to implement, and partly because of increased processing 
capabilities of personal computers (PCs), reduced prices of ABC software 
products, and increased competition forcing companies to achieve a better 
understanding of their own product/service costs. There are several ABC 
software products in the market. Examples include ABM by SAS, HPCM 
by Oracle, RapidABC by Virtual Profit Solutions, and PCM by SAP.

2.3.2  SURVEY OF ABC USE IN COMPANIES

In July 2005, SAS conducted a survey of ABC uses among 529 companies 
in industries, of which 56 percent in services, 24 percent in manufactur-
ing, and 20 percent in others. Forty-two percent of these companies had 
sales revenues at or below $100 million, and 26 percent were above $500 
million.

The overall results showed that 35 percent of these companies were 
using ABC, 20 percent were engaged in piloting ABC, and another 32 per-
cent were considering ABC. Only 10 percent of these companies had never 
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considered ABC and 2 percent were no longer using ABC. The use of ABC 
increased with company size. ABC is being used or being considered for 
use by 71 percent of large companies, 58 percent of midsize companies, 
and 42 percent of small business. Within the service industry, 46 percent of 
financial services and 58 percent of communications companies use ABC. 
The primary use of ABC by all industries is for costing and cost control. 
About 80 percent of all ABC programs were initiated by people in the 
finance department.

This survey showed that ABC is important to all enterprises and use-
ful for future technical professionals to know and master.

2.3.3  STEPS TO IMPLEMENT ABC

It is generally advisable to form a cross-functional team when imple-
menting the ABC technique of allocating indirect costs. The team should 
determine the cost objects. Examples of cost objects include costs to serve 
customer; costs to purchase, carry, and process products; costs to order, 
receive, sell, and deliver products; and costs to perform other activities. 
The team then needs to define activities that represent homogeneous 
groups of work (such as accounting, machining, forging, and design) that 
lead to the cost objects.

Next to be determined are cost drivers. These are the agents that cause 
costs to be incurred in the activities. Cost drivers are factors that directly 
impact the cost of a given cost object. Examples of cost drivers are shown 
in Table 2.1.

Figure 2.1 shows a generic block-flow diagram for implementing 
ABC. It contains 10 major steps.

Table 2.1.  Cost drivers

Activity Cost driver

Loading Tons
Driving Miles
Invoice processing Number of invoice
Machining Machining hours
Material movement Weight
Production Number of products
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The details of these 10 steps are further described as follows:

1.	 The first very important step is to define an ABC project, whose 
objective aligns fully with business needs. The value of an ABC 
project, which would provide more structural knowledge regard-
ing the cost objectives involved, must be convincing to leaders in 
the organization. Otherwise, corporate commitment, management 
priority, and availability of resources will likely be in doubt. ABC 
is best to offer such cost structural information, when large over-
head costs are shared among a large number of cost objectives 
(such as products, services, or customer groups).

2.	 Make sure that ABC is indeed the right method to accomplish the 
defined project objective, based on the availability of cost data, 
manpower, and applicable techniques.

3.	 Collect the relevant data from sources such as general ledger, time 
sheets, procurement records, and other data sources, particularly 
those related to activities that add value to the cost objectives. 
Interview with applicable managers may be needed to help identify 
additional details that may be useful in categorizing the cost data.

1. Align project objective
with business needs

2. Confirm the
applicability of ABC

3. Collect relevant cost
data

4. Determine proper
cost drivers 

5. Specify ABC models
for overhead costs

6. Assemble unit costs
and check with base

data 

8. Define unit costs 7. Review and optimize
model granularity

9. Devise and
implement new operations

10. Document final
results and insights gained

Figure 2.1.   Block-flow diagram for Implementing ABC.
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4.	 Define cost drivers for the various resource-consuming activities. 
Sources for this information could be industrial best practices, 
engineering literature, and /or rational and logical assumptions.

5.	 Create an ABC cost model for allocating overhead costs to the 
specific cost objectives at hand, including all value-adding and 
resource-consuming activities.

6.	 The unit cost of the specific cost objective is then assembled. This 
result needs to be double checked to make sure that the total over-
head cost agrees with the base data contained in the general ledger. 
If there are deviations, the ABC cost model must be readjusted to 
eliminate the differences.

7.	 The model is further reviewed to see if the ABC model’s granular-
ity is good enough for the purpose at hand. Past experience sug-
gests that simple ABC models should be used in the beginning in 
order to quickly produce results and demonstrate value. Detailed 
ABC models with a high level of sophistication should be used 
only if outcome of simplified models justifies the additional efforts 
so required.

8.	 Define the final unit costs and determine the new insights gained 
from the ABC results.

9.	 Devise new strategies to take advantage of the ABC results. Make 
sure that these strategies are implemented effectively to realize 
added profitability. Examples of such new strategies may include 
promoting (a) promoting one product/service more than the other 
because of differences in gross margins; (b) changing the cus-
tomer support service strategy in favor of customers who are more 
valuable than others; and (c) modifying pricing strategies because 
of the cost differences between products/services, and others.

10.	 Document results and preserve insights gained so that lessons are 
shared with others in the future.

2.3.4  PRACTICAL TIPS FOR APPLYING ABC

When initiating the process of creating an ABC system, it is highly rec-
ommended for the company to start with a small group (pilot group) of 
well-informed and cross-functional workers. The team should interview 
other workers about what they do in their jobs. The team members should 
be cognizant of the potential fears of job restructuring that some employ-
ees may have as a result of the ABC studies.

The team should start with the “worst” department so that immediate 
success may be used to get faster “buy-in” from top management. The key 
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for ABC success is to use “close-enough” data. The team should keep the 
level of information manageable by avoiding being bogged down with 
minute details. On the other hand, an ABC system that is too broad and 
general will not be useful. The team may have to try out ABC cost models 
of different granularities on small scales to reach such “sweet spots.” For 
companies attempting to employ ABC cost models for the first time, use-
ful outputs can generally be expected in 6–12 months.

To be successful in implementing ABC techniques, company manage-
ment needs to (a) define linkage of ABC to company’s competitive strate-
gies, (b) allocate sufficient financial resources (manpower, ABC software, 
and external consultants, if deemed needed), (c) conduct staff training in 
skills needed to collect data and design the ABC system, (d) secure clarity 
for the objectives of ABC systems, (e) establish proper evaluation and 
compensation policies, and (f) devote adequate management attention to 
gain useful ABC outcome.

It is important to note that the application of ABC techniques will not, 
by itself, reduce product/service cost or increase corporate profitability, 
as this technique only redistributes the overhead or indirect cost on an 
increasingly rational basis. However, it is the insight created by the ABC 
outcome that would be the basis for the company to initiate new or mod-
ified pricing, distribution, or other operations strategies, and the imple-
mentation of such strategies could produce value in the form of improved 
overall company profitability.

2.4 A PPLICATIONS OF ABC IN INDUSTRY

2.4.1  ABC IN MANUFACTURING

Product costing in a product-centered company requires the computation 
of costs related to DM, DL, and FO for the following three operations:

•	 Raw materials (Stores)
•	 Work in progress (WIP)
•	 Finished goods (FG)

In computing the costs of goods sold (CGS), the inclusion of mate-
rials and labor costs is rather straightforward, as these direct costs are 
quite easy to track. The difficulty in product costing is the inclusion of 
indirect costs, namely the FO. For manufacturing operation in which the 
FO represents a large (e.g., 30 percent or higher) fraction of the total 
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product cost, or the operation produces multiple products, or both, the 
precision with which to allocate the indirect costs is critically important. 
The following is a specific example of applying ABC to XYZ Manufac-
turing Company.

Let us assume that XYZ is a small manufacturing company with $10 
million in annual sales. It makes components for the automotive indus-
try, and the key processes involved are forging and machining. The prod-
uct-related operating activities are as follows:

1.	 Buying steel bars from outside vendors.
2.	 Testing steel bars upon delivery and moving them into storage.
3.	 Sending the bars to the forging area when needed for an order, the 

point at which they are sandblasted and cut to desired lengths. Since 
most of the bars are large, they are then moved in bins that hold 
20–25 pieces.

4.	 Sizing the bars and starting a forging operation where they are 
shaped. The bars are then moved to the in-process storage. In some 
cases, a steel bar may need to be forged up to three times.

5.	 Transferring the bars, for each forging procedure from in-pro-
cess storage to the forging areas and then back to the in-process 
storage.

6.	 Moving the steel bars after the final forging from the in-process 
storage to the machining area where they are finished. The bars are 
then sent to finished-goods storage.

7.	 Sorting, packing, and loading the bars are done in the shipping area 
and onto trucks for delivery to customers.

Before using ABC, the company applied the traditional costing method 
that included the following steps:

1.	 Assign manufacturing costs to products by using a plant-wide cost-
ing rate on the basis of DL. The setup costs are included in the 
manufacturing overhead.

2.	 Determine the nonmanufacturing costs to products via a general 
and administrative (G&A) rate that is calculated as a percentage of 
the total cost.

3.	 Define the DL rate and the G&A rate on the basis of the actual 
results obtained for the preceding year.

The deficiencies of the traditional method are obvious. The traditional 
method is used because management does not know any better methods.
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When implementing ABC, the company did not buy any ABC-specific 
software. Instead, it used a standard Excel spreadsheet program. Specifi-
cally, the company considered the following:

1.	 Setup costs. Management assigned equipment setup costs only to 
the steel bars in a given equipment process.

2.	 Forging costs. Depending on the weight of the steel bar involved, 
one or two operators may operate the forging press. Prior to forg-
ing, each steel bar must be induction heated, with the heating cost 
being dependent on the mass of the bar involved. Thus, the forging 
cost consists of three parts:
(a)	Press-operating costs on the basis of press hours
(b)	Production labor costs on the basis of labor hours
(c)	Induction-heating costs on the basis of the steel bar’s weight

3.	 Machining costs. The machining centers do not require full-time 
operators. Once the machines are set up, workers load and unload 
parts for multiple centers. On average, 1 machine-worker hour is 
required for every 2½ machine hours. Thus, the costs of machine-
shop workers are treated as the indirect costs assigned to products 
on the basis of machine hours.

4.	 Material movement costs. Depending on the size of the bar, the 
bin size, and the required forging and machining steps, the mate-
rial movement cost could vary significantly from one bar to another. 
Thus, the material movement cost is assigned to each bar on the 
cost-per-move basis.

5.	 Raw material procurement and order processing costs. These 
are readily traceable on the basis of records on hand.

The ABC cost model for the XYZ Manufacturing Company is illus-
trated in Table 2.2. The final results of ABC implementation are impressive. 
The company’s sales tripled and its profit increased fivefold after having 
made use of the new insights gained from the ABC outcome. Specifically, 
much of this improvement came from a more profitable mix of contracts 
generated by a pricing and quoting process that more closely reflects the 
actual cost structure of the company. Particularly useful are the isolation 
and measurement of material movement costs that result in operational 
changes for increased efficiency.

Example 2.1

A company makes and sells three technology products: A, B, and C. It 
has a production plant with 17,000 square feet of floor area, consisting 
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of machine setup (2,000 square feet), machining operation (9,000 square 
feet), assembly (4,000 square feet), and inspection, packaging, and ship-
ping activities (2,000 square feet).

The total annual expenditure for the plant is $200,000 for depreciation, 
$700,000 for utilities, $20,000 for phone and travel services, $150,000 
for manufacturing supports, $200,000 for procurement, and $150,000 for 
supervision.

The labor hours and material costs required to manufacture the 
products are shown in Table 2.3. The labor charges are $25 per hour for 
machine setup; $35 per hour for machining operation; $30 per hour for 
assembly; and $20 per hour for inspection, packing, and shipping.

The company plans to sell product A at $5,000 per unit, product B at 
$4,500 per unit, and product C at $4,100 per unit. All products manufac-
tured during the year are assumed to be sold successfully. Apply the ABC 
technique to determine the product cost and applicable gross margin for 
each product.

Answer 2.1

Let us first summarize the available operational data of the company, see 
Table 2.4.

Table 2.5 contains a detailed ABC cost analysis based on these data.

Table 2.3.  Production hours for three products

Production-related entries A B C

Machine setup (hours)     2     3     4
Machine operation (hours)   16   12     8

Assembly (hours)     4     3     2

Inspection/packing/shipment (hours)     2     2     2

Raw materials/unit of product  
(dollars)

950 430 640

Purchased components/unit of  
product (dollars)

100   80   90

Outsourced service/unit of product  
(dollars)

  20   30   40

Number of units produced per year 700 900 550
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Table 2.4.  Operational data

Product  
A

Product  
B

Product  
C

Labor 
rate/hour 

($)

Machine setup (hours) 2 3 4 25 
Machine operation 
(hours)

16 12 8 35 

Assembly (hours) 4 3 2 20 

Inspection/pack/ship 
(hours)

2 2 2

Raw materials/unit $950 $430 $640 

Purchased  
components/unit

$100 $80 $90 

Outsourced services/ 
unit

$20 $30 $40 

Number of products 
made/year

700 900 550

Total labor hours per 
unit

24 20 16

Total material cost per 
unit

$1,700 $540 $770 

2.4.2  ABC IN BANKING AND FINANCIAL SERVICES

Buckeye National Bank7 serves both retail and business customers. The 
services include paying checks, providing teller services, and responding 
to customers’ service calls. All of these services represent labor-inten-
sive activities. The resources involved are employees (salary and bene-
fits), part-time workers, and those related to the operation of service call 
centers. The bank’s traditional costing system suggests that it is more 
profitable for the bank to pursue additional retail customers and that busi-
ness customers bring losses. As a result, the bank’s retail customers grow, 
while the business customers remain stable. Yet the bank’s profit is unex-
pectedly trending downward. Bank management becomes puzzled as to 
the reasons why.

A large number of cost data were made available from the banks’ tra-
ditional accounting system. Tables 2.6 and 2.7 display these data.
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The solution obtained based on the traditional costing system is shown 
in Table 2.8. It indicates that the annual profit of the retail account is $8.10 
whereas that of the business account shows a loss of $11.30. The logic of 
pursuing more analyses regarding retail customers appears to be compelling.

Table 2.6.  General ledger cost data of Buckeye National Bank

Buckeye National Bank Cost ($)

Salaries of check-processing personnel 700,000 
Depreciation of equipment used in check processing 440,000 
Teller salaries 1,000,000 
Depreciation of equipment used in teller operations 200,000 
Salaries of call center personnel 450,000 
Tool-free phone line plus depreciation of related 
equipment

60,000 

Total costs 2,850,000 
Total profit 650,000 

Table 2.7.  Additional cost data of Buckeye National Bank

Service-based entries Retail Business

$ Value of check processed $9,500,000 $85,500,000 
Checks processed 570,000 2,280,000

Teller transactions 160,000 40,000

Number of customer calls 95,000 5,000

Annual profit (interests) per account $10 $40 

Table 2.8.  Traditional cost solutions

Traditional system Retail ($) Business ($)

$ Value of check processed 9,500,000 85,500,000
Cost per $ processed 0.03 $0.03 
Total cost 285,000 2,565,000 
Cost per account 1.90 51.30 
Annual Profit per account 8.10 –11.30
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An ABC pilot study was then initiated to define (a) percent of time 
each employee spends on the afore-mentioned three activities, and (b) costs 
associated with toll-free phone lines, depreciation of equipment used for 
paying checks, and providing teller services. The cost drivers were iden-
tified to be (a) number of checks processed for the check paying activ-
ity, (b) number of teller transactions for the teller service activities, and 
(c) number of calls received for responding to customer inquiries.

Table 2.9 summarizes the unit cost of these three activities. Table 2.10 
shows the cost assignments and the per account cost. In fact, the retail 
accounts are shown to lose money, indicating that the bank policy of pur-
suing retail customers was based on an erroneous analysis of costing data.

Based on the ABC outcome, Buckeye National Bank was able to 
improve profitability by soliciting more business customers, while stop 
promoting the business of retail customers.

2.4.3  ABC IN HEALTH CARE

The traditional cost-accounting system tends to overestimate the unit cost 
of high-volume services and underestimate that of low-volume services. 

Table 2.9.  Unit costs of three principal activities

Cost per check processed $0.40 = (700,000+440,000)/2,850,000 
Cost for teller transition $6.00 = (1,000,000+200,000)/200,000

Customer inquiries $5.10 = (450,000+60,000)/100,000

Table 2.10.  ABC solution

ABC cost assignment Retail Business

Paying checks (0.4 × 570K) $228,000 912,000
Teller transactions (6 × 160) 960,000 240,000

Call centers (5.10 × 95,000) 484,500 25,500

Total 1,672,500 1,177,500

Per account cost $11.15 $23.55 

Net profit per account -1.15 16.45
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When the indirect costs are large, often the case in health care, the cost of 
services may be seriously misrepresented by the traditional cost-accounting 
system.8

The MaxSalud Institute for High Quality Healthcare in Chicalyo, 
Peru, is a private, nonprofit organization funded by United States Agency 
for International Development (USAID) to provide health services to a 
low- and mid-income population of about 20,000 through two clinics 
and a central management support unit. This ABC application included: 
(a) the description of all departments, services, and their activities; (b) staff 
estimates of time spent on each activity and unproductive time; (c) esti-
mated cost of all activities by each department using wage and other data; 
(d) records of activities and costs within and across departments to services 
provided; and (e) estimated service volumes from records to determine unit 
costs (cost/volume).

This ABC study identified 107 distinct activities at MaxSalud, 
including training and meetings. ABC derived unit costs that were gen-
erally higher than prior estimates and much higher than fees charged. 
Among others, the ABC study discovered that the primary activity of 
delivering a baby accounts for only 23 percent of the total unit cost, 
while 42 percent from secondary activities (i.e., admission, general ser-
vices, and others), and 35 percent from overhead (i.e., the central man-
agement support unit). The study also revealed information on activities 
associated with unproductive times, such as repeating lab tests.

The study concluded that ABC is potentially very valuable to MaxSa-
lud to set policy, manage expenditure, and even raise funds, but it requires 
reliable data systems for costs and service statistics, management atten-
tion, staff support, and technical assistance.

Several useful guidelines were suggested when applying ABC in 
developing countries:

1.	 ABC requires complementary accounting systems that provide rea-
sonably accurate costs organized by cost category and department.

2.	 ABC requires accurate information on the volume of services pro-
vided.

3.	 Access to and strong cooperation from personnel are important.
4.	 Technical assistance and guidance on the ABC methodology may 

be necessary initially.
5.	 To derive long-term benefits, cost data trending is essential. Data 

trending requires continued efforts of costing, which in turn requires 
management commitment.
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2.4.4  ABC IN GOVERNMENTS

State and local governments have a common goal: to provide services to 
the public with acceptable quality and at the lowest possible cost. Many 
governments, however, are not perceived to be particularly efficient in 
realizing this goal. Most governments do not have a clear idea of all the 
costs associated with their own in-house operations. They typically under-
estimate the true costs of in-house operations by as much as 30 percent, 
typically because they omit many indirect costs when determining the 
total costs of performing any function.9

Traditionally, state and local governments have practiced cost control 
by simply aggregating costs for the units within a governmental body and 
comparing the total costs of these units from period to period. Overhead 
costs that applied to multiple units were normally allocated to the units 
based on arbitrary measurements that are common to all units, such as 
square feet occupied or DL costs. Volume-based measurements are used 
predominantly in traditional systems to determine overhead rates and to 
assign overhead costs to their activities.10

The Texas Department of Agriculture (TDA) operates six livestock 
facilities for inspecting animals prior to exporting them to Mexico. The 
inspection is necessary in order to be in compliance with Mexico’s health 
regulations. The TDA charges fees for the inspections. When trucks car-
rying livestock arrive at the TDA export pens, the pen manager checks the 
driver’s document before authorizing workers to unload the truck. The 
unloaded animals are placed in pens to rest. They are then moved to an 
inspection area and then inspected by a veterinarian. Animals that do not 
pass inspection are reloaded, fees are collected, and export to Mexico is 
denied. Those animals that do pass inspection are immediately reloaded 
or returned to the initial pens to wait for a truck. Once the truck has been 
reloaded and cleared for export, required fees are collected, the document 
is returned to the driver, and the truck is sealed for departure to Mexico. 
Four steps are taken to apply ABC to this case:

1.	 Identification of costs and resources
2.	 Identification of the direct and indirect costs of activities
3.	 Assignment of costs to activities
4.	 Calculation of unit costs

There are altogether nine distinct activities. Costs are grouped into 
four primary categories and one indirect cost category. Five cost pools are 
created. The total costs of each pool were expressed on a per-unit basis 
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according to the appropriate driver for the particular activity. For details 
of its quantitative analyses, see Briner et al.11

2.4.5  ABC IN SOFTWARE DEVELOPMENT

Traditional software development follows a “waterfall” approach by per-
forming needs analysis, coding software, testing, documentation, train-
ing, and implementation. Component-based software development, on the 
other hand, aspires to create reusable codes on a large scale. The overhead 
costs for developing component-based codes are expected to be signifi-
cant due to the maintenance of reuse infrastructure and the development, 
location, evaluation, and adaptation of components. Table 2.11 lists some 
of the activities that are to be cost estimated and allocated to the proper 
cost objects in such an environment using the ABC method.12

In Table 2.12 the corresponding cost drivers are identified to imple-
ment the ABC costing system. Here, the basic steps of applying ABC are 
quite similar to those in other service sectors.

In summary, it is worth noting again that the ABC technique is capa-
ble of redistributing the overhead portion of the total costs to various cost 
objects (e.g., products and customers). Its application does not reduce cost 
or increase profits. However, the outcome of an ABC analysis produces 
insights regarding relative profitability that could be useful as a basis for 
new corporate strategy (e.g., pricing, emphasis placed on different cus-
tomer groups, etc.). For companies to improve profitability, such new cor-
porate strategies need to be effectively implemented.

2.5  TARGET COSTING

Target costing is a technique for setting the upper bound for the unit cost 
of a new product/service, above which the new product/service may no 
longer be profitable for the company to pursue.

If the products or services offered by companies are new and without 
competition, companies can easily price them on the basis of cost plus, 
which means defining product prices by adding an acceptable gross mar-
gin on top of their product costs. On the other hand, for products and 
services offered to a competitive marketplace, prices may need to be con-
stantly revised due to external market forces (i.e., competition, economy, 
technologies, industrial status, etc.). In such cases, companies are able to 
maintain their gross margins only if they are in a position to adjust their 
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Table 2.11.  Software development activities to be cost estimated using 
ABC

Activity center Activity Description

A Reuse  
infrastructure  
creation

  1. �Develop reuse 
infrastructure

Develop reuse policies, tools, 
processes, and measures

B Reuse  
infrastructure 
maintenance  
and reuse  
marketing

  2. �Maintain reuse 
infrastructure

Maintain reuse policies, tools, 
processes, and measures

  3. �Communicate 
existence of  
components

Advertise the reuse  
components

C Reuse  
administration

  4. �Administer reuse 
measurement 
accounting and 
incentives

Measure ongoing levels of 
reuse on projects and allo-
cate costs of reuse. Reward 
individuals or teams, or 
both, for reuse achieved.

D Reuse  
production

  5. �Analyze reuse 
components

Investigate opportunities for 
acquiring for developing 
components

  6. �Develop or  
acquire reuse  
components

Develop components to be 
reusable, acquire or gener-
alize, or both, components 
previously developed

  7. �Certify  
components

Certify components for 
reusability

  8. �Document,  
classify, and store 
components

Document, classify, and store 
offered components

E Reuse  
consumption

  9. �Search for 
components

Search libraries for compo-
nents (or assist the search 
process)

10. �Retrieve,  
understand, and  
evaluate  
components

Understand and evaluate 
components found in 
libraries

11. �Adapt and  
integrate  
components

Modify (if necessary) and 
integrate components

(Continued)
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Table 2.11.  (Continued )

Activity center Activity Description

F Reuse 
maintenance

12. �Maintain reusable 
components

Correct and extend 
components in the library

13. �Update reusable 
components

Correct and extend 
components in systems.

Source: Fichman and Kemerer (2002).

costs downwards according to the externally imposed price reductions. 
Target costing represents a useful management tool to assist companies in 
such circumstances.13 The principles of target costing are as follows:

1.	 Price-led costing: Market prices are used to determine allowable—
or target—costs. Target costs are calculated using a formula similar 
to the following: market price—required profit margin = target cost.

2.	 Focus on customers: Customer requirements for quality, cost, and 
time are simultaneously incorporated in product and process decisions 
and these requirements guide cost analysis. The value (to the custom-
ers) of any features and functionality built into the product must be 
greater than the cost of providing those features and functionality.

3.	 Focus on design: Cost control is emphasized at the product and 
process design stage. Therefore, engineering changes must occur 
before production designs, resulting in lower costs and reduced 
“time-to-market” for new products.

4.	 Cross-functional involvement: Cross-functional product and pro-
cess teams are responsible for the entire product from initial concept 
through final production. They would hold brainstorming sessions 
to generate ideas to cut costs.

5.	 Value-chain involvement: All members of the value chain (e.g., sup-
pliers, distributors, service providers, and customers) are included 
in the target costing process, as well as any cost-saving opportuni-
ties offered by suppliers or based on customer inputs.

6.	 A life-cycle orientation: Total life-cycle costs are minimized for 
both the producer and the customer. Life-cycle costs include pur-
chase price, operating costs, maintenance costs, and distribution 
(disposal) costs.

Companies use target costing to establish concrete and highly visible 
cost targets for their new products/services. The gaps between the target 
cost and cost projections for the new product are to be minimized using 
innovations and basic value engineering tools.
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Table 2.12.  Cost drivers in developing reusable software

Activity Casual cost driver Performance measure

  1. �D�evelop reuse  
infrastructure

Reuse policy and 
expected volume

Breadth and quality of 
infrastructure

  2. �M�aintain reuse 
infrastructure

Size/complexity of 
infrastructure

Breadth and quality of 
infrastructure

  3. �C�ommunicate  
existence of  
components

Size of reuse libraries. 
Size of developer  
community

Number of  
communications

  4. �A�dminister reuse 
measurement 
accounting and 
incentives

Reuse policy. Volume  
of reuse

Number of  
measurements

  5. �A�nalyze reuse  
components

Reuse policy Number of components 
evaluated

  6. �D�evelop or  
acquire reuse  
components

Reuse opportunity Number and quality of 
reusable components 
acquired

  7. �C�ertify  
components

Offered components Number of components 
certified

  8. �D�ocument,  
classify, and store 
components

Certified components Number of components 
stored

  9. �S�earch for  
components

Project policy.
Reuse potential of  
the domain.

Size/quality of reuse 
libraries

Number of searches
Number of promising 
components found

10. �R�etrieve,  
understand, and  
evaluate  
components

Promising  
components found

Number of compo-
nents evaluated and 
number of components 
accepted

11. �A�dapt and  
integrate  
components

Retrieved components 
selected for use

Number of attempted 
integrations; number of 
successful integrations

12. �M�aintain reusable 
components

Volume of reuse Number of components 
maintained

13. �U�pdate reusable 
components

Volume of reuse Number of components 
updated
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2.6 �R ISK ANALYSIS AND COST ESTIMATION 
UNDER UNCERTAINTY

When estimating product costs, some costs are well defined and firm, while 
others are not. Similarly, some engineering projects built from past experi-
ence are more or less risk free, while others are not. Risks are defined as a 
measure of the potential variability of an outcome (e.g., cost or schedule) 
from its expected value. Risks must be properly accounted for in projects.14 
Various application examples are included in Akira.15

2.6.1  MATHEMATICAL REPRESENTATION OF RISKS

Risks can be graphically represented by a probability distribution func-
tion. Three cases are examined next in Figure 2.2.

Case 1 refers to an investment in U.S. Treasury bills. The yield of 
10-year U.S. Treasury bills has varied in the range of 8 percent (1990) to 
below 2 percent (2013). However, once an investor purchases the Treasury 
bills from the U.S. Government, the yield is locked in until maturity. Such 
an investment is guaranteed by the assets of the U.S. Government. This 
return is graphically represented by a vertical line at a fixed return rate 
(6 percent assumed in this example) with 100 percent probability.

Case 2 is an investment in a blue-chip corporate stock with a most 
likely return of 8 percent. Due to market conditions being usually unpre-
dictable, the return of such an investment has some measure of risk, as 
represented by the bell-shaped curve centered on 8 percent in Figure 2.2. 
The return may vary from 4 percent (minimum) to 12 percent (maximum). 
Risks are measured by the standard deviation of this probability distribu-
tion curve (e.g., s2).

The bell-shaped curve is mathematically represented by the normal 
probability density function:

F(x) = 1/(2 )^0.5 (1/ ) EXP [ 0.5 ((x )/ )^2] π σ − − µ σ 	 (2.1)

where  �σ = standard deviation; 
µ = mean; p = 3.14159; 
^ = superscript. For example: A^b means A (sup) b. 

The area underneath the curve is normalized to be 1.
Case 3 is the return of an investment in real estate, centered, for 

example, around 15 percent. Because this investment requires tax 
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payment, maintenance costs, and other expenditures, its minimum return 
may be negative. Its upside potential may be very large, however, if 
commercial developments and property-zoning results become favor-
able. This case is represented by a bell-shaped probability curve having 
a large standard deviation (s3 being larger than s2) and with its most 
likely return centered around 15 percent. Furthermore, the probability 
of achieving its most likely return of 15 percent is now only 50 percent 
(see Figure 2.2).

Risky events may be represented mathematically by the normal prob-
ability density function, which is defined by two parameters, standard 
deviation and mean. Besides the normal, several other probability density 
functions (such as triangular, Poisson, and beta) may also be used to rep-
resent risky costs (see Section 2.6.3).

2.6.2  PROJECT COST ESTIMATION BY SIMULATION

Recent literature outlines the advancements of PC-based techniques that 
estimate project costs under uncertainty.16 The key steps of applying these 
PC-based techniques are as follows:

1.	 Construct a cost model for the projects at hand with a spreadsheet 
program (e.g., Excel®).17 The spreadsheet program takes care of the 
required computation steps of the cost model, such as addition, sub-
traction, multiplication, and division. The numerical values entered 
in the spreadsheet cells are typically deterministic, each having a 

Probability

Interest Rate0

100%

50%

6% 8% 15%

Case 1

Case 2

Case 3
80%

Figure 2.2.  Representation of risks.
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well-defined and fixed magnitude. The cost model encompasses all 
cost components and computes the total project cost.

2.	 Make a three-point estimate for each of the component costs, com-
posed of the minimum, the most likely, and the maximum values. 
This is to account for the perceived cost uncertainty. Past experi-
ence may serve as a guide in the selection of these values.

Select a probability distribution function (e.g., triangular, nor-
mal, beta, or other distribution functions) to represent the three-
point estimate of the component cost. Repeat this step for all other 
cost components of the project.

3.	 Activate risk analysis software to replace the deterministic val-
ues contained in the spreadsheet cells by the probability distribu-
tion functions chosen to represent its corresponding three-point 
estimates. Currently, commercial PC-based software products 
are becoming readily available. A specific application example is 
“CrystalBall®” for Excel.18

The activated risk analysis software automatically converts all 
input probability density functions to their corresponding cumula-
tive distribution functions. The technical fundamentals related to 
this conversion are illustrated in Appendix 2.10.5.

4.	 Conduct Monte Carlo Simulations to compute the total project cost. 
Upon activation of risk analysis software, a random number is first 
generated between 0 and 1. This random number is a trial proba-
bility value (e.g., P1 in Figure 2.3). Using this random number, the 
specific cost value is read from the cumulative distribution of the 
cost component C1, which represents a random input variable (e.g., 
C11 in Figure 2.3). A second random number is generated (P2), 
which is then used to define the cost components C2 (e.g., C21). A 
third random number is generated to define the cost C31 of a third 
cost component.  This process is continued until the costs of all 
cost components are defined. The total project cost (e.g., TPC1) is 
then calculated with the spreadsheet program that contains the cost 
model. This is one outcome of the random output variable TPC.

The sampling process is repeated thousands of times to create a 
distribution of the total project costs (e.g., TPC1, TPC2, . . .). These 
output results are then statistically grouped into bins (with zero to 
maximum value) to define a cumulative distribution. The resulting 
cumulative distribution for the total project cost TPC may then be 
converted back to its corresponding probability density function.

The total project cost so generated has a set of minimum, most 
likely, and maximum values.
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5.	 Interpret the total project cost represented in a cumulative distribu-
tion to arrive at the following typical results:
•	 There is an 80 percent probability that the total project cost will 

not exceed $D.
•	 The minimum, most likely, and maximum total project costs are 

$A, $B, and $C, respectively.
•	 The standard deviation of the total project cost is s, which rep-

resents the overall measure of the project risk.

Results of this type are garnering excellent  reception in industry as 
they inform better decision making. It is particularly true in situations 
where multiple projects are being evaluated for investment purposes.

There is an additional benefit which is realizable by using the just-
described cost estimation method by simulations. Because of the “risk 

Figure 2.3.  Cumulative distribution functions.
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pooling” effect due to risk sharing among all input cost components, the 
total project cost is expected to have a lower overall risk than the risk levels 
of its individual components. Various studies (e.g., Canada et al.19) have 
confirmed that the total project cost computed by simulations requires a 
smaller contingency cost for a given risk level than that computed by the 
traditional method of using deterministic values. Other important applica-
tions involving risk analyses include (a) project schedule and (b) portfolio 
optimization.

The value of risk analyses is typically to make explicit the uncertain-
ties of input variables, to promote more reasoned estimating procedures, 
to allow more comprehensive analyses—or the simultaneous variation 
of all input variables involved—and to measure the variability of output 
variables. There is a plethora of evidence that a decision maker will make 
better decisions with a fuller understanding of the risk-based implications 
of all input variables involved.

The use of risk analysis in the business and engineering environments 
is expected to become increasingly widespread in the years to come. 
Engineering managers are advised to become familiar with such advanced 
tools for risk analyses.

2.6.3  EXAMPLES OF INPUT DISTRIBUTION FUNCTIONS

In engineering cost estimation, several distribution functions are often 
used as inputs. Figure 2.4 shows the triangular probability density func-
tion. This is the easiest function to apply, as the three-point estimates may 
be directly incorporated into this representation scheme.

Figure 2.5 illustrates the normal probability function. Figure 2.6 dis-
plays the beta probability density function. Figure 2.7 depicts the Poisson 
probability function.

Any of these probability density distribution functions may be used to 
represent the input values for given cost-estimation project.

2.6.4 � APPLICATION—COST ESTIMATION OF A RISKY 
CAPITAL PROJECT

As an example, the cost estimation for a turnkey capital project is illus-
trated in Table 2.13. Project managers define the base (e.g., the most likely) 
estimates, as well as the lower and upper bounds for each cost item in the 
estimate. Doing so will force them to externalize the reasons for any vari-
ance and require them to think hard about the contingency plans for each.



38   •   BUSINESS FUNDAMENTALS FOR ENGINEERING MANAGERS

The output total cost is represented by the probability density and 
cumulative distribution functions (see Figures 2.8 and 2.9). From the out-
put cumulative distribution, the following results are readily derived:

1.	 The most likely total project cost is $5,136,000, which, of course, 
only echoes the input data.

0.0

0.6

0.0 1.3 2.7 4.0

Figure 2.4.  Triangular probability density 
function.

0.4

0.00 1.03 2.06 3.09-1.03-2.06-3.09

Figure 2.5.  Normal probability density function.
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2.	 There is an 80 percent probability that the project cost will exceed 
$5,100,000.

3.	 There is a 20 percent probability that the project cost will exceed 
$5,170,000.

4.	 The maximum project cost is $5,250,000.
5.	 The minimum project cost is $4,989,710 
6.	 The standard deviation cost (σ ) is $62,172.

Note that the information offered by items 2, 3, 4, 5 and 6 are new. 
In a traditional, deterministic project-cost estimate, the cost figures for 
items 1 would be the same, and there would be no information of the type 
offered by the remainder. When choosing among various projects that may 
have similar outcomes in the most likely project costs, information offered 

Figure 2.6.  Beta distribution function.
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by items 2 and 3, 4, 5 and 6 is especially critical for differentiating projects 
by their inherent risks.

For construction managers, the estimation of contingency is of critical 
importance. Instead of assigning specific contingencies as a percentage to 
each cost category item, the simulation technique calculates the contin-
gency of the construction project. Probabilistic models have been used in 
the past to define construction project contingency.20

Rossford
Pr

ob
ab

ili
ty

Total capital ($k)

0.000

0.026

0.052

0.079

0.105

0.131

4989.71 5041.53 5093.34 5145.15 5196.96 5248.78 5300.59

Figure 2.8.  Total capital cost presented in a probability density function.

Figure 2.9.  Total capital cost presented in a cumulative distribution 
function.
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In addition, project control and tracking of coefficient of variation 
can be readily conducted (see Figures 2.10 and 2.11). The coefficient of 
variation is defined as CV = 100 (σ/µ), wherein σ is the standard deviation 
and µ is the mean of the total project cost distribution function.

2.6.5 � OTHER TECHNIQUES TO ACCOUNT FOR RISKS

Several other techniques are also routinely applied in industry to assess 
and manage the risks associated with projects of various kinds.21

1.	 Sensitivity analysis. Because of possible variation of specific input 
parameters, “what-if” analyses are typically performed to assess the 
sensitivity of the project cost and time to completion.

2.	 Contingency cost estimation. The cost of a risky project may 
be estimated by adding an empirical (based on best practices) 
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contingency cost to each task (typically 5–7 percent of the task 
cost) to cover the risk involved.

3.	 Decision trees. Decision trees are used to evaluate sequential 
decisions and decide on alternatives on the basis of the computed 
expected values of probabilistic outcomes (see Example 2.2).

4.	 Diversification. With this risk-management technique, several 
risky projects can be engaged at the same time to spread the risks 
by means of diversification—combining high-risk, high-return 
projects with low-risk, low-return projects—to achieve a reason-
able overall return on investment.

5.	 Fuzzy logic systems. These systems of reasoning are based on 
fuzzy sets.22 A fuzzy set defines the range of values for a given con-
cept as well as the degree of membership. A membership of 1 indi-
cates full membership, whereas 0 defines exclusion. The change 
of membership from 0 to 1 is gradual. For example, a fuzzy expert 
system employs rules such as the following: If the temperature T is 
high (Ai) and the difference in temperature is small (Bi), then close 
the valve V slightly (Si). Here Ai, Bi, and Si are fuzzy sets. Fuzzy 
logic systems have been applied to assess project risks.23

Example 2.2 

The company needs to decide either to develop a new product with an 
investment of $400,000 or to upgrade an existing product by spending 
$200,000, as illustrated by the decision point 1 in Figure 2.12.

A.	 If the new product strategy is pursued, then there is a 60-percent 
probability that the product will be in high demand, in which case 
the company will make $200,000 next year. Concurrently, there is 
a 40-percent chance for low demand, which will result in a loss of 
$100,00 for the company next year (see Node A in the decision tree 
diagram in Figure 2.12).

If the new product enjoys a high demand, then there is an 
80-percent chance that the product will make $1,000,000 and a 
20-percent chance it will make only $50,000 in the year after the 
next (see Node a in Figure 2.12). If the new product meets a low 
demand, then there is a 30-percent chance of a revenue of $500,000 
and a 70-percent chance of suffering a loss of $500,000 in the year 
after next (see Node b in Figure 2.12).
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B.	 If the company follows the strategy of improving the existing 
product, then there is a 60-percent chance for high demand, lead-
ing to a revenue of $100,000; and a 40-percent chance of low 
demand, to yield zero revenue in the first year (see Node B in 
Figure 2.12.)

If the demand is high at the end of the first year, the company 
needs to make a second decision (Decision Point 2) whether or 
not to expand the product line. The expansion option will require 
an investment of $100,000, whereas the option of no expansion 
costs nothing. If the company expands the improved product line, 
then there is an 80-percent chance that it will reap a revenue of 
$800,000 and a 20-percent chance of $100,000 revenue in the year 
after the next (see Node c in Figure 2.11). If the company elects 
not to expand at the end of the first year, then there is an 80-percent 
chance that it will realize a revenue of $400,000 and a 20-percent 
chance of a $200,000 revenue (see Node d in Figure 2.12).

Should the improved product of the company see a low 
demand (at a probability of 40 percent) and get zero revenue in 
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Figure 2.12.  Decision tree analysis.
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the first year, then there is a 30-percent chance that the product can 
generate a revenue of $300,000 and a 70-percent chance of zero 
revenue (see Node e in Figure 2.12).

The interest rate is 10 percent. This problem is fully diagrammed in 
Figure 2.12. Determine which decisions at Decision Points 1 (product 
strategy) and 2 (expansion strategy) should the company make.

Answer 2.2

This problem can be solved by using the decision tree method, which 
works from right to left, from future (the year after next) to present.

Let us define: ER = expected return and PV = present value.

A.	 Decision Point 2.
At Node c, the expansion option has a total expected return of

ER(c) = 0.8 ($800,000) + 0.2 ($100,000) = $660,000

At Node d, the no-expansion option has a total expected return of

ER(d) = 0.8 ($400,000) + 0.2 ($200,000) = $360,000

The present value of expansion is

PV(Expansion) = -$100,000 + ER(c)/1.1 = $500,000

And the present value of no expansion is

PV(No expansion) = 0 + ER(d)/1.1 = $327,272

Based on these present values, the decision should favor expansion.

B.	 Decision Point 1.
At Node a, the total expected return is

ER(a) = 0.8 ($1,000,000) + 0.2 ($50,000) = $810,000

At Node b, the corresponding total expected return is

ER(b) = 0.3 ($500,000) + 0.7 (-$500,000) = -$200,000
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Thus, the present value for the high demand case is

PV(High Demand) = $200,000 + ER (a)/(1.1) = $936,363

And the present value for the low demand case is

PV(Low Demand) = -$100,000 + ER (b)/1.1 = -$281,818

Thus, the present value for the new product strategy is:

PV(New Product) = �-$400,000 + [0.6 PV(High Demand)  
+ 0.4 PV(Low Demand)]/1.1 = $8,264

On the other hand, we have the following for the product improve-
ment strategy:

PV(High Demand) = $100,000 + PV(Expansion) = $600,000

Note that the no-expansion option is abandoned.
The present value of low demand is

PV(Low Demand) �= 0 + ER(e)/1.1 = 0 + [0.3($300,000) + 0.7(0)]/1.1  
= $81,818

Thus, the present value for the product improvement strategy is

PV(Product Improvement) = �-$200,000 + [0.6($600,000) + 
0.4($81,818)]/1.1 = $157,024

Since the present value for improving the product is larger than the 
present value for new product, the choice should be in favor of product 
improvement.

Even if the company decides to forgo expansion at Decision Point 2, 
the present value for product improvement is

PV(Product Improvement with no expansion) = -200,000 + 
[0.6($427,272) + 0.4 ($81,818)]/1.1 = $62,809

which is still larger than that for new product development. The value 
of expansion is thus:

Value (Expansion) = $157,024 – 62,809 = $94,215.
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2.7 RE DUCTION OF OVERHEAD COSTS

Some of the overhead costs are related to finance, human resources, IT, 
and legal functions. Overhead costs are known to grow directly with 
gross margins and they often grow faster than revenues. Several best 
practices are noted in the literature to reduce these overhead costs,24 
such as:

A.	 Aligning the overhead capacities with the company’s strategic needs:
1.	 Streamline the planning process for marketing
2.	 Use enterprise resource planning tools
3.	 Outsource IT support
4.	 Automate/centralize cash incentive preparation

B.	 Reducing the needs for these overhead functions:
5.	 Change reporting from monthly to quarterly
6.	 Change payroll from weekly to biweekly
7.	 Eliminate nonstrategic technology initiatives
8.	 Replace quarterly internal strategy meeting with monthly con-

ference calls
9.	 Eliminate statistical analysis group

10.	 Reduce the frequency of long-term trend analysis
C.	 Optimizing the delivery of these overhead activities:

11.	 Standardize reporting format and eliminate redundant ones
12.	 Enforce purchasing standards
13.	 Set travel and expenses standards
14.	 Use self-service for human resources (HR) benefits
15.	 Use temporary contract personnel
16.	 Consolidate advertisement agency work and eliminate high-

cost outliers

Tom Peters said: “Almost all quality improvement comes via sim-
plification of design, manufacturing, layout, processes and procedures.” 
Simplification represents a useful strategy to reduce costs. Since overhead 
costs may represent a large percentage of the overall cost of doing busi-
ness, it is important for engineering managers and professionals to con-
stantly look for ways to reduce these costs.

2.8  MISCELLANEOUS TOPICS

This section discusses several miscellaneous topics, including simple 
cost-based decision models, and project evaluation criteria.
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2.8.1  SIMPLE COST-BASED DECISION MODELS

Engineering managers need to make regular choices among alternatives. 
In some cases, such choices may be made based on costs, as illustrated by 
the following two examples.

A.	 Comparison of alternatives. When faced with the option of purchas-
ing one of several sets of capital equipment with similar functional 
characteristics, engineering managers can use the following annual 
cost (AC) formula to identify which has the lowest total AC.

The AC for a long-lived asset is defined as the sum of its depreci-
ation charge, interest charge for the capital tied down by the purchase, 
and its annual operational expenses; that is,

( )
[(1 ) ^ 1]

P L iAC P i AE
i N
− ×= + × +

+ − 	
(2.2)

where �     P = initial investment ($) 
    L = salvage value ($) 
    N = useful life of a long-lived asset (year) 
     i = interest rate (%) 
 AE = �annual expenses ($)—taxes, supplies, insurance 

repairs, utilities, and so on.
	 AC = annual cost ($)

The capital equipment with the lowest AC is to be preferred.

Example 2.3

Your company has averaged 15-percent growth per year for the past 7 years, 
and now you need additional warehouse space for purchased material as 
well as FG. Two types of constructions have been under consideration: con-
ventional and air-supported fabric. (The data are available in Table 2.14). 
Which is the better economical choice?

Answer 2.3

Conventional:

AC1 = �(200,000 – 40,000) × 0.08/[1.08^40 – 1] + 200,000 × 0.08 +  
(1500 + 700 + 1.5 × 200,000/100) = $21,818
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For air-supported:

AC2 = �(35,000 - 3,000) × 0.08/[1.08^8 – 1] + 35,000 × 0.08 +  
(5000 + 5500 + 1.5 × 35,000/100) = $16,833

Choice: air-supported system.

Example 2.4

A semiautomatic machine is quoted at $15,000, while an advanced 
machine is quoted at $25,000. The salvage value of these machines is 
assumed to be zero. A four-man party can produce 500 parts a day with 
the semiautomatic machine, by using a machinist at $200 per day, a main-
tenance worker at $150 per day, a parts laborer at $100 per day, and a 
warehouse clerk at $80 per day.

A six-man party can produce 770 parts a day with the advanced 
machine, using a machinist at $200 per day, an assistant machinist at $180 
per day, a maintenance worker at $150 per day, two parts laborers at $100 
per day each, and a warehouse clerk at $80 per day.

Material cost is $10 per part. The FO is 50 percent of the DL cost, 
only when parts are being produced. The maintenance expense for the 
semiautomatic machine is $250 per year, and for the advanced machine 
it is $500 per day. The estimated life of the semiautomatic machine is 20 
years, and 15 years for the advanced machine. The interest rate is 8 per-
cent per year.

How many parts must be made per year to justify the deployment of 
the advanced machine?

Table 2.14.  Warehouse options

Type Conventional Air-supported

First cost ($) 200,000 35,000
Life (years) 40 8

Annual maintenance ($) 1,500 5,000

Power and fuel ($) 700 5,500

Annual taxes ($) 1.5/100 1.5/100

Salvage value ($) 40,000 3,000

Interest rate 0.08 0.08
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Answer 2.4

Define N = number of parts produced per year.
y = �number of working days to produce parts. For the semiautomatic 

machine, y = N/500; for the advanced machine, y = N/770 (see Table 
2.15).

The AC of operating the semiautomatic machine is given by:

AC (SA) = �(15,000 × 0.08)/[(1.08)^20 – 1] + 15,000 × 0.08 + 250 +  
10 * N + 530 (N/500) × 1.5

= 1777.78 + 11.59N

The AC of operating the advanced machine is given by:

AC (A) = �(25,000 × 0.08)/[(1.08)^15 – 1] + 25,000 × 0.08 + 500 + 
10 * N + 810 (N/770) × 1.5

= 3420.74 + 11.57792N

Setting AC (SA) = AC (A), we have:

1775.78 + 11.59N = 3420.74 + 11.57792N
N = 136,172

The advanced machine is justifiable, if the production exceeds 136,172 
parts per year.

Table 2.15.  Comparison of two machines

Items of interest Semiautomatic Advanced

First cost ($) 15,000 25,000
Daily production 500 850

Daily wage ($) 530 810

Annual maintenance ($) 250 500

Life (years) 20 15

Material cost ($/part) 10 10

Factory overhead as percent 50% 50%

Interest 0.08 0.08
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B.	 Replacement evaluation. Engineering managers are sometimes faced 
with the decision of whether to replace an existing facility with a 
brand-new one. Again, this replacement decision may be made by 
identifying the option with the lowest AC.

In this analysis, the existing facility is treated as if it is new, in 
that its residual equipment life and its residual book value (initial 
capital investment minus accumulated depreciation) are equivalent, 
respectively, to the useful product life and the capital investment cost 
of new equipment. Thus,

0
0 0

0

[ ( ) ] ( )
(1 ) ^ ( ) 1

i BV t LAC BV t i AE
i N t

× −= + × +
+ − − 	

(2.3)

[ ]
(1 ) ^ 1

i P LAC P i AE
i N

× −= + × +
+ − 	

(2.4)

where
Po = original investment cost ($)
No = original estimate of useful life (year)

AEo = annual expenses of using the original equipment ($)
Lo = �salvage value at the end of the equipment’s original useful 

life ($)
ACo = Annual cost for using the existing equipment ($)

t = Present age of equipment (year)
No -  t = remainder life (year)
BV(t) = �book value of existing equipment at the end of the t(th) year 

($) = Po - accumulated depreciation at the end of the t(th) year
P = initial investment of the replacement equipment ($)

AC = annual cost of using the replacement equipment ($)
L = �Salvage value of the replacement equipment at the end of 

its useful life (year)
N = useful life of the replacement equipment (year)

AE = annual expenses for using the replacement equipment ($)

If ACo > AC, use the replacement equipment to save costs.

Example 2.5

A compressor air-supply station was built 18 years ago at the main shaft 
entrance to a coal mine at a cost of $2.6 million. The station was equipped 
with steam-driven air compressors that have an annual operating expense 
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of $360,000. The salvage value at the estimated 25-year life of the station 
is $130,000. It can be sold now for $800,000.

A proposal has been made to replace the station with electrically 
driven compressors that would be installed underground near the working 
face of the mine for a cost of $2.8 million. The new compressor station 
would have a life of 30 years and a salvage value of 10 percent of its initial 
cost. Its annual operating cost would be two-thirds of that of the steam-
driven station. Annual taxes and insurance are 2.5 percent of the first cost 
of either station. The interest rate is 8 percent. Is there a financial justifica-
tion to replace the steam station?

Answer 2.5

Table 2.16 summarizes the data of these two compressors. 
Assume that we, use the exact method for calculating depreciation 

(sinking fund):

Steam: ( ) 7
0.08AC 800,000 130,000 800,000 0.08

1.08 1
= − × + ×

−

	 425,000 564,088.50+ =

( )
30

2,800,000 280,000 0.08
Electric: AC 2,800,000

1.08 1
− ×

= +
−

× 0.08 + 310,000 = 556,245.13

Using the exact method, the conclusion reached is to replace the old steam 
unit with electrically driven compressors.

Table 2.16.  Comparison of two compressor drives

Available data Steam Electric

Original investment ($) 2,600,000 2,800,000

Life (years) 25 30

Present age (years) 18 0

Remaining life (years) 7 30

Present salvage value ($) 800,000

Final salvage value ($) 130,000 280,000

Annual expense ($) 360,000 + 65,000 240,000 + 70,000
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2.8.2  PROJECT EVALUATION CRITERIA

Engineering managers are often required to make choices among capital 
projects that may deliver benefits and at the same time consume resources 
on an annual basis over a number of periods. Several standard methods 
are used in industry to evaluate such projects. These include net pres-
ent value (NPV), internal rate of return (IRR), payback, and profitability 
index (PI).

A.	 Net present value

( )
(1 ) ^ (1 ) ^

= − + +

+ +
∑

NCIF m CRNPV P
i m i n 	

(2.5)

m = 1 to n

where
NPV = net present value (dollars)

P = �present investment made to initiate a project activity 
(dollars).

NCIF (m) = �net cash in-flow (dollars) in the period m, which rep-
resents revenues earned minus costs incurred, (R(m) – 
C(m)) in dollars

i = cost of capital (interest rate)
n = number of interest period (year)

CR = �capital recovery (dollars), which is the amount regained 
at the end of the project through resale or other methods 
of dispositions

∑ = the summation sign, for m = 1 to n.

Note that the first term on the right-hand side of Equation 2.5 is the 
capital outlay for the project, or an outflow of value (cash). The second 
term on the right-hand side is the sum of discounted net cash in-flow earned 
over the years. The third term on the right-hand side is the discounted cap-
ital recovery of the project.

One major weakness of the NPV equation is that all benefits derived 
from a project must be expressed in dollar equivalents—within NCIF(m)—
in order to be included. Nonmonetary benefits, such as enhanced corporate 
image, expanded market share, and others, cannot be represented.

For the special case of NCIF(m) = CF = constant

(1 ) ^ 1
(1 ) ^ (1 ) ^
i n CRNPV P CF

i i n i n
+ −= − + +

× + + 	
(2.6)
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Projects with the largest NPV values are preferable, as NPV represents 
the net total value added (before tax) to the firm by having completed the 
project at hand. Note that NPV may be determined only if the project’s net 
cash in-flow NCIF(m) is known.

Example 2.6

The company is evaluating two specific proposals to market a new prod-
uct. The current interest rate is 10 percent. Proposal A calls for setting 
up an in-house manufacturing shop to make the product, requiring an 
investment of $500,000. The expected profits for the first to fifth years 
are $150,000, $200,000, $250,000, $150,000, and $100,000, respectively. 
Proposal B suggests that the manufacturing operation be outsourced by 
contracting an outside shop, requiring a front-end payment of $300,000. 
The expected profits for the first to fifth years are $50,000, $150,000, 
$200,000, $300,000, and $200,000, respectively. The expected profits 
would be lower in earlier years due to third-party markup. There is no 
salvage value which can be recovered at the end of either proposal. Which 
proposal should the company accept?

Answer 2.6

The NPV equation should be used to evaluate these two proposals:

NPV (A) = �-500,000 + 150,000/(1.1) + 200,000/(1.1)^2 + 250,000/(1.1)^3 
+ 150,000/(1.1)^4 + 100,000/(1.1)^5 = 154,025

NPV (B) = �-300,000 + 50,000/(1.1) + 150,000/(1.1)^2 + 200,000/(1.1)^3 
+ 300,000/(1.1)^4 + 200,000/(1.1)^5 = 348,772

The company should go for Proposal B.

B.	 Internal Rate of Return
Rate of return is generally defined as the earnings realized by a project 
in percentage of its principal capital.

The IRR is the average rate of return (usually annual) realized by 
a project in which the total net cash in-flow is exactly balanced with 
its total net cash out-flow, resulting in zero NPV value at the end of 
its project life cycle. In other words, this is the rate realizable when 
reinvestment of the project earnings is made at the same rate until 
maturity.
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IRR is determined by the following equations:

( )0
(1 ) ^ (1 ) ^

= − + +
+ +∑ NCIF m CRP

IRR m IRR n 	
(2.7)

m = 1 to n

For NCIF(m) = CF = constant

(1 ) ^ 10
(1 ) ^ (1 ) ^

+ −= − + +
× + +

IRR n CRP CF
IRR IRR n IRR n �

(2.8)

The IRR values (before tax) of acceptable projects must be 
greater than the firm’s cost of capital. Projects with high IRR are to 
be preferred.

C.	 Payback Period
The payback period (PB) is defined as the number of years that the 
original capital investment for the project will take to be paid back by 
its annual earnings, or

	 PB = P/CF	 (2.9)

where:
P = capital investment

CF  = �annual cash flow realized by the project

Cost reduction projects with small payback periods (e.g., less 
than 2 years) are preferable.

D.	 Profitability Index
Profitability index is defined by the ratio

	

Present value of all future benefits
Initial Investment

PI =
	

(2.10)

Projects with large PI values are preferable.

Example 2.7

Your company is currently pursuing three cost-reduction projects at the 
same time.
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1.	 Project A requires an investment of $10 million. It is expected to 
yield a cost saving of $30 million in the first year and another $10 
million in the second year.

2.	 Project B demands an investment of $5 million. It is expected to 
produce a cost saving of $5 million in the first year and another $20 
million in the second year.

3.	 Project C needs an investment of $5 million. It is expected to bring 
about a cost saving of $5 million in the first year and another $15 
million in the second year.

After the second year, there will be no receivable benefit or capital 
recovery from any of these projects. The cost of capital (interest rate) is 
10 percent.

Determine the ranking of these projects on the basis of the evaluation 
criteria of NPV, IRR, PB, and PI.

Answer 2.7

Let us define:
P = variable
n = 2

CF = variable
CR = 0

i = 10%

NPV:
A.	 NPV = -10 + 30/(1.1) + 10/(1.1)^2 = 25.537
B.	 NPV = -5 + 5/1.1 + 20/(1.1)^2 = 16.074
C.	 NPV = -5 + 5/1.1 + 15/(1.1)^2 = 11.942

IRR:

A.	 0 = -10 + 30/(1 + r) + 10/(1 + r)^2; r = 2.3
B.	 0 = -5 + 5/(1 + r) + 20/(1 + r)^2; r = 1.56
C.	 0 = -5 + 5/(1 + r) + 15/(1 + r)^2; r = 1.3

PB:

A.	 PB = 10/[(30 + 10)/2] = 10/20 = 0.5
B.	 PB = 5/[(5 + 20)/2] = 5/12.5 = 0.4
C.	 PB = 5/[(5 + 15)/2] = 5/10 = 0.5
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PI:

A.	 PI = [30/1.1 + 10/(1.1)^2]/10 = 35.537/10 = 3.553
B.	 PI = [5/1.1 + 20/(1.1)^2]/5 = 21.074/5 = 4.214
C.	 PI = [5/1.1 + 15/(1.1)^2]/5 = 16.942/5 = 3.3884

Table 2.17 summarizes the results.

2.9 C ONCLUSION

This chapter reviews basic cost-accounting issues related to product and ser-
vice costing. Product costs have direct and indirect cost components. While 
direct costs are relatively easy to assess, the indirect costs that account for 
overhead charges may need to be properly assessed by using tools such 
as ABC, which focuses on redistribution of overhead costs to various cost 
objects on a rational basis. While the application of the ABC technique 
does not in itself reduce cost or improve profitability, its outcome could 
be used as inputs to the initiation of new or improved corporate strategies 
(e.g.,  product pricing, customers acquisition, etc.), the successful imple-
mentation of which is likely to lead to improved corporate profitability.

Cost data may be uncertain because of factors related to changes in 
economy, market condition, political stability, labor movement, and oth-
ers. For uncertain cost data, risk analysis may be needed. The Monte Carlo 
simulation is an efficacious method to conduct risk analyses. Several other 
methods are also available to account for cost uncertainties.

Reviewed briefly in Appendix are some basic concepts in engineering 
economy. Cost data may apply for a single period or for multiple periods. 
In the case of multiple periods, the time dependency of cost data must 
be considered. For time-dependent data, the concept of the time value of 
money and the compound interest formulas are to be applied.

Table 2.17  Summary of results

Project

Time ≥

NPV
IRR 
(%) PB PI 0 1 2

A -10 30 10 25.5 230 0.5 3.55
B -5 5 20 16 156 0.4 4.22

C -5 5 15 12 130 0.5 3.39
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Depreciation accounting affects the facility costs that are part of the 
indirect costs of products. Different depreciation methods will lead to 
more or less indirect costs for the products. Finally, the inventory costs 
are affected by the sequence in which the time-dependent product costs 
are selected.

Benjamin Franklin said, “By failing to prepare, you are preparing to 
fail.” It is indeed important for engineering  managers and profession-
als to prepare themselves adequately by becoming well versed in cost 
accounting.

2.10 A PPENDICES

The following appendices review a few basic concepts and tools in engi-
neering economies.

2.10.1  COST ANALYSIS

Managers perform variance analyses and study the reasons for the devi-
ation of actual costs from standard costs. They issue periodic and sys-
tematic reports of their findings and take proper actions to improve the 
efficiency and effectiveness of the organizational units.25

The two major factors affecting cost analysis are time and accuracy. 
For management decisions, cost analyses may be performed for a single 
time period or for multiple periods. Cost data may change over time or may 
be uncertain.

A.	 Single-Period Analysis
Single-period analysis applies primarily to a short period of time 
during which the costs involved remain essentially constant. The 
gross profit (GP) equation for a given product line is given by the 
following equation:

GP = revenue – costs
GP = P × N – (FC + VC × N)	 (2.11)

where    �P = product price ($/unit)
N = number of products sold during the period (-)

FC = fixed costs ($)
VC = variable costs ($/unit)
GP = gross profit ($)
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For the case of break-even (i.e., GP = 0), the break-even product 
quantity is given by

N* = FC/(P - VC)	 (2.12)

The value (P - VC) is defined as the contribution margin of the 
product. Selling each additional unit of a product generates a con-
tribution in the amount (P - VC) to defray the FC that has been 
committed to the production line.

Organizational performance can be readily assessed as the 
number of cost items involved is limited. One needs to make sure 
that the values of these cost items are valid, although from time to 
time the validity of such values may be tough to verify precisely, 
because of joint production activities and other cost-sharing systems 
involved.

B.	 Multiple-Period Analyses
The cost analyses over a longer period of time (e.g., multiple periods) 
are much more difficult to calculate for two reasons. First, costs may 
change predictably over time due to inflation, investment return, cost 
of capital, and other reasons. Second, future events are unpredictable 
(e.g., natural disasters, labor unrest, political instability, war against 
terrorism, spread of disease, investment climate, etc.).26

The change of costs over time needs to be addressed by using 
concepts such as NPV and IRR. These concepts are built on the 
fundamentals of the time value of money, compound interest, and 
the cost of capital. These topics are introduced in Appendix 2.10.2. 
Depreciation accounting, an important part of the indirect costs of 
products, is included in Appendix 2.10.3.

In dealing with the uncertainties of future costs, risks must be 
included in product cost analysis. Risk analysis has been elucidated 
in detail in Section 2.6.

2.10.2 � TIME VALUE OF MONEY AND COMPOUND  
INTEREST EQUATIONS

The time value of money refers to the notion that the value of money 
changes with time. This is because money at hand may lose value (pur-
chasing power) if not invested properly. Money at hand may earn income 
through investment. A dollar that is to be received at a future date is not 
worth as much as a dollar that is on hand at the present time. Thus, two 
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accounts of equal dollar amounts but at different points in time do not have 
equal value (purchasing power).

Before introducing basic compound interest equations which are used  
for multiperiod cost analyses, a few definitions are reviewed next:

1.	 Interest: It represents a fraction of the principal designated as a 
reward (interest income) to its owner for having given up the right 
to use the principal. It may also be a charge (interest payment) to the 
borrower for having received the right to use the principal during a 
given interest period.

2.	 Compound interest: When the interest income earned in one inter-
est period is added to the principal, the principal becomes larger for 
the next period. The enlarged principal earns additional interest under 
such circumstances. The interest is said to have been compounding.

3.	 Nominal interest rate: The interest rate quoted by banks or other 
lenders on an annual basis, also called the annual percentage rate 
(APR).

4.	 Effective interest rate: The interest rate in effect for a given inter-
est period (e.g., one month). For example, if the nominal interest 
rate for a bank loan is 12 percent, then its effective interest rate for 
each month is 1 percent.

5.	 Nominal dollar: The actual dollar value at a given point in time.
6.	 Constant dollar: The dollar value that has a constant purchasing 

power with respect to a given base year (e.g., the reference year 
2014); the value is adjusted for inflation.

7.	 Consumer price index: The index tracked by the U.S. Department 
of Commerce to indicate the price change for a basket of consumer 
products. Since 1993, the inflation rate in the United States has been 
relatively low.

To introduce the compound interest formulas for multiple-period cost 
analyses, the following notations are used:

	P = �present value ($): the value of a project, loan, or financial activity at 
the present time.

	F = �future value ($): the value of a project, loan, or financial activity at a 
future point in time.

	 i = �effective interest rate for a given period during which the interest is to 
be compounded (e.g., 1 percent per month).

	A = �annuity ($): a series of payments made or received at the end of each 
interest period

n = number of interest periods (-).
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A.	 Single Payment Compound Amount Factor

	 F = P × (1 + i)^n	 (2.13)

F/P = (1 + i)^n = (F/P, i, n)

Equation 2.13 defines the total value of an investment P, with 
periodical returns added to the principals to earn more money at the 
end of n periods.

B.	 Present Worth Factor

	 P = F / (1 + i)^n	 (2.14)

	 P/F = (1 + i)^ - n = (P/F, i, n)

Equation 2.14 defines the present value of a sum that will be 
available in the future. The factor is also called the discount factor.

C.	 Uniform Series Compound Amount Factor

	 F = A × [(1 + i)^n - 1]/i 	 (2.15)

	 F/A = [(1 + i)^n – 1]/i = (F/A, i, n)

Equation 2.15 determines the total future value of an account 
(e.g., retirement, college education, etc.) at the end of n periods, if 
a known annuity A is deposited into the account at the end of every 
period.

D.	 Uniform Series Sinking Fund Factor

	 A = F × i/[(1 + i)^n - 1]	 (2.16)

	 A/F = i/[(1 + i)^n – 1] = (A/F, i, n)

Equation 2.16 calculates the amount of the required annuity 
(e.g., a series of period-end payments) that must be periodically 
deposited into an account in order to reach a desired total future 
sum F at the end of n periods.

E.	 Uniform Series Capital Recovery Factor

	

(1 ) ^
(1 ) ^ 1
i i nA P

i n
× +

=

+ −  	
(2.17)
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(1 ) ^/ ( / , , )
(1 ) ^ 1
i i nA P A P i n

i n
× +

= =

+ −

Equation 2.17 defines the amount of periodical withdrawal that 
can be made over n periods from an account worth P at the present 
time, such that the account will be completely depleted at the end 
of n periods.

F.	 Uniform Series Present Worth Factor

	

(1 ) ^ 1
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i nP A

i i n
+ −

=

× + 	
(2.18)
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Equation 2.18 determines the total present value of an account 
to which an annuity A is deposited at the end of each period. For 
example, if A is the periodical maintenance costs for capital equip-
ment, then this equation calculates the present value of all mainte-
nance costs over its product life of n periods.

Example 2.8

You need a new Apple MacBook Pro Laptop (15.4 Inch) with Retina Dis-
play, including 2.3 GHz Intel Core i7, 16 GB SDRAM, 512 GB Serial ATA 
and Mac OS X Marvericks. It is selling at $2,594.00, or $300 down and 
$120 monthly payment for 2 years. What nominal annual rate of return 
does this time-payment plan represent?

Answer 2.8

Loan amount = $2,594 - 300 = $2,294 = P
N = 24 months
A = $100
P = A [(1 + i)^N – 1]/[i (1 + i)^N]

2,294 = 120 [(1 + i)^24 – 1]/[i (1 + i)^24]

This is an implicit equation for the single unknown i. It may be solved 
by trial and error: Input a trial value of i, and compute the value of the right 
hand side. The i value that balances the above  equation is the answer.
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Trial value of i RHS 

0.04   1,829.63
0.02 2,269.2
0.01   2,549.16
0.019   2,295.58
0.01908   2,293.50

Answer: Monthly rate = 1.908 percent and the nominal annual rate is 
22.9 percent.

For all multiple-period problems, the timeline convention shown in 
Figure 1.23 is regarded as standard. When applying the above-described 
compound interest formulas, the following convention should be kept in 
mind:

1.	 P is at present, F is at a future point in time, and A occurs at the end 
of each period.

2.	 The periods must be consecutively and sequentially linked with the 
end of one as the beginning of the next.

3.	 Complex problems may be broken down into time segments 
so that the equations may be correctly applied to each of the 
segments.

Example 2.9

Company X manufactures automotive door panels that may be made of 
either sheet metal or plastic sheet molding (glass–fiber-reinforced poly-
mer). Sheet metal bends well to the high-volume stamping process and has 
a low material cost. Plastic sheet molding meets the required strength and 
corrosion resistance and has a lower weight. The plastic-forming process 
involves a chemical reaction and has a slower cycle time. Table 2.18 sum-
marizes the cost components for each.

Time
P

1 2 3 4 5 6 7A A A A A A A
F

Figure 2.13.  Timeline convention.
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Assuming that the machinery and tooling have no salvage value at 
the end of their respective equipment lives, what is the annual production 
volume that would make the plastic panel more economical?

Answer 2.9

This problem can be solved using the AC equation (Equation 2.2). Assume 
X is annual production volume, then we have the following results:

A.	 Plastic Panels

AC1 = �(3,000,000 + 1,000,000) (0.06)/ [1.06^10 – 1] + 4,000,000  
× 0.06 + (500,000 + 100,000) + [5 + 40 × 2/60] × X

B.	 Steel Panels

AC2 = �[(25,000,000 + 4,000,000) (0.06)/[1.06^15 – 1)] + 
29,000,000 × 0.06 + (400,000 + 80,000) + [2 + 40 × 
0.1/60] 8X

Let AC1 = AC2; X = 544,322
For production volume up to 544,322 panels per year, the plas-

tic panels are more economical.

Table 2.18.  Materials options

Description Plastic Sheet metal

Material cost (dollars per panel) 5 2
Direct labor cost (dollars per hour) 40 40

Factory overhead (dollars per year) 500,000 400,000

Maintenance expenses (dollars per year) 100,000 80,000

Machinery investment (dollars) 3,000,000 25,000,000

Tooling investment (dollars) 1,000,000 4,000,000

Equipment life (years) 10 15

Cycle time (minutes per panel) 2 0.1

Interest rate (percent) 6 6
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2.10.3  Depreciation Accounting

In calculating indirect costs associated with production facility, equip-
ment, and other tangible assets related to production, depreciation 
charges must be included. Depreciation is a cost-allocation procedure 
whereby the cost of a long-lived asset is recognized in each accounting 
period over the asset’s useful life in proportion to its usage brought forth 
over the same period. This procedure is undertaken in a reasonable and 
orderly fashion. Specifically, the acquisition cost of an asset can be con-
sidered as the price paid for a series of future benefits. As the asset is 
partially used up in each accounting period, a corresponding portion of 
the original investment in the asset is treated as the cost incurred for the 
partial benefit delivered.

The U.S. Internal Revenue Service accepts three depreciation account-
ing methods. They are discussed next, using the following notations:

P = initial investment ($) at the present time.
N = �useful life of a long-lived asset measured in years (e.g., N = 25 for 

buildings, N = 15 for equipment, N = 5 for automobiles, N = 3 for 
computers, etc.).

D(m) = �depreciation charge ($) in the asset’s m(th) year.
L = �salvage value ($) recoverable at the end of the equipment’s use-

ful life.
AD(m) = �accumulated depreciation ($), which is the total amount of 

depreciation charges accumulated at the end of the m(th) year.
BV(m) = �book value ($) of an asset in its m(th) year; BV(m) = P - AD(m).
P - L = depreciable base ($).
r(m) = �depreciation rate, a fraction of the depreciable base to be depre-

ciated per year.

A.	 Straight Line
By this depreciation method, an equal portion of depreciation base 
(P - L) is designated as the depreciation charge for each period of 
the assets’ estimated useful life:

D(m) = (P - L)/N = constant	 (2.19)

	 BV(m) = P - m × (P - L)/N; m = 1,2,3,. . .
	 r(m) = 1/N = constant

	 AD(m) = m × (P - L)/N

More than 91 percent of publicly traded companies in the 
United States apply this straight-line depreciation method.
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B.	 Declining Balance
The depreciation charge is set to equal to the net book value (e.g., 
acquisition cost minus accumulated depreciation) at the beginning 
of each period (e.g., year) multiplied by a fixed percentage. If this 
percentage is two times the straight-line depreciation percentage, 
then it is called a double-declining balance method:

D(m) = P × r × (1 - r)^(m - 1)	 (2.20)

	 BV(m) = P × (1 - r)^m
	� r(m) = constant; r = 2/N (double-declining balance 

method)
	 AD(m) = P × [1 - (1 - r)^m]

Note that the salvage value is not subtracted from the acquisi-
tion cost. To make sure that the total accumulated depreciation does 
not exceed the depreciation base, the depreciation charge of the 
very last period (e.g., year) must be manually adjusted.

C.	 Units of Production Method
The depreciation charge is assumed to be proportional to the service 
performed (e.g., units produced, hours consumed, etc.). Companies 
that are involved with natural resources (e.g., oil and gas explora-
tion) use units of production method to depreciate their production 
assets. Software companies also use this method to depreciate their 
capitalized software development costs.

Example 2.10

The company plans to change its depreciation accounting from the straight-
line method to the double-declining method on a class of assets that have a 
first cost (acquisition cost) of $80,000, an expected life of six years, and no 
salvage value. If the company’s tax rate is 50 percent, what is the present 
value of this change, assuming 10 percent interest compounded annually?

Answer 2.10

P = 80,000; N = 6; t = 0.5; L = 0
F = (1 - t) Delta; P = F/(1 + i)^n; i = 10%

Table 2.19 shows the present values of the differences between these 
two depreciation charges for the assets’ expected life of six years.
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Example 2.11

A new delivery truck costs $40,000 and is to be operated at approximately 
the same amount each year. If annual maintenance costs are $1,000 the 
first year and increase $1,000 each succeeding year and, if the truck 
trade-in value is $24,000 the first year and decreases uniformly by $3,000 
each year thereafter, at the end of which year will the costs per year of 
ownership and maintenance be a minimum?

Answer 2.11

The average annual ownership cost is calculated as shown in Table 2.20.
It shows that the combined ownership and maintenance cost reaches 

a minimum in 5th year.

2.10.4  INVENTORY ACCOUNTING

After the direct and indirect costs are estimated, the product costs can 
be defined. When products are transferred from WIP operations to a FG 
warehouse, they become inventory. Inventory may be managed by one of 
two methods: first in and first out (FIFO) and last in and first out (LIFO). 
The FIFO method specifies that inventory that enters the warehouse first 
will leave the warehouse first. By the LIFO method, the inventory that 
enters the warehouse last is shipped out first.

According to the time value of money concept, these two inventory 
operational methods may render different CGS. The inventory accounting 
takes into account such possible change of product cost over time, due to, 
for example, inflation. In general, companies utilize one of the following 
three inventory accounting methods:

A.	 FIFO
B.	 LIFO
C.	 Weighted average

LIFO is most useful during periods of high inflation, as it results in 
less reportable earnings with lower taxes paid; LIFO is not useful, how-
ever, when prices for raw materials decrease. LIFO also provides a lower 
inventory value, thus understating the value of the inventory in the bal-
ance sheet. Finally, LIFO is a more conservative accounting technique than 
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FIFO. Note that LIFO is prohibited by law in some countries, such as the 
United Kingdom, France, and Australia.

As a product of creative accounting, FIFO defines an inventory value 
more closely matched with its market value. It tends to make the income 
statement look better than it really is. In periods when the business climate 
experiences stagnation or recession, innumerable companies frequently 
switch from LIFO to FIFO. The weighted average method represents a 
compromise between the two.

Table 2.21 is an illustration of the use of FIFO and LIFO accounting 
techniques. Assume that a manufacturing company has five units of products 
in inventory and each has a product cost of $100. Furthermore, the company 
produces five more units at $200 each in one period and then another five 
units at $300 each in a later period. During these periods, the company sells 
10 units to customers. Determine the average CGS on the basis of both 
FIFO and LIFO and assess its impact on the company’s net income.

Table 2.21.  Inventory accounting

S. No.

Chronology 
of  

transactions FIFO ($) LIFO ($) Average ($)
Inventory 
Actions

1 Beginning 
inventory

5 × $100 500 500 500 Withdrawal 
of 10 
units

—

2 Purchase and 
value added

5 × 100

5 × $200 1,000 1,000 1,000 5 × 200

5 × 300

5 × $300 1,500 1,500 1,500 —

3 Ending 
inventory

5 * …. 1,500 500 1,000 

4 Cost of  
goods sold

1,500 2,500 2,000 
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The impact of inventory accounting on net income is quite direct, as 
illustrated in Table 2.22, an abbreviated income statement, where CGS is 
costs of goods sold, GS&A is general, sales, and administration expenses, 
and EBIT is earnings before interests and taxes. Upon switching from 
FIFO to LIFO inventory accounting, the tax liabilities are shown to have 
been reduced form $2.4 million to $2.0 million.

2.10.5 � CONVERSION OF A PROBABILITY DENSITY 
FUNCTION TO ITS CUMULATIVE DISTRIBUTION 
FUNCTION

The process of converting a probability density function to its cumulative 
distribution function is straightforward and unique. Figure 2.14 shows a 
triangular probability density function for the cost of the component C1. 
The vertical axis represents probability, and the horizontal axis represents 
cost. The triangular probability density function is the easiest one to apply 
when a three-point estimate for a risky input variable is known.

The component C1 is assumed to have a minimum cost of $30 (point 
A), a maximum cost of $80 (point Z), and a most likely cost of $50 (point 
M). The area underneath the triangular probability density function is nor-
malized to 1. This condition prescribes that the y coordinate for the point 
N is 0.04 based on the calculation of 1 = 0.04 × 0.5 × (80 - 30).

Table 2.22.  Effect of inventory accounting on net income

Income  
statement entries

FIFO
($)

LIFO
($)

Weighted  
average

($)

Sales 10,000 10,000 10,000
CGS 1,500 2,500 2,000

Gross margin 8,500 7,500 8,000

GS&A 2,000 2,000 2,000

EBIT 6,500 5,500 6,000

Interest 500 500 500

Taxable amount 6,000 5,000 5,500

Tax (40%) 2,400 2,000 2,200

Net Income 3,600 3,000 3,300
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Let us insert a vertical cost line through x. With this cost line in place, 
we define the shaded area PNZXP as Ax, which is under the probability 
density function, but bound by the vertical cost line that passes through x 
on the left. We form a ratio of Ax to the total area APNZXA underneath the 
same probability density function. This ratio is designated as Px. The value 
of Px varies from 0 to 1, as x moves from Z to M and then to A. Px is the 
probability for the cost of this component to be equal to or in excess of x. 
The pair of Px and x represents a point in a cumulative distribution chart 
(Figure 2.15).
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Figure 2.14.  Conversion of a triangular probability 
density function to its cumulative descending function.
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Figure 2.15.  Cumulative descending distribution function 
of a cost component.



74   •   BUSINESS FUNDAMENTALS FOR ENGINEERING MANAGERS

For another cost value, y, this process is repeated. A new pair of Py 
and y defines another point in the descending cumulative distribution 
chart. After many repetitions, a descending cumulative curve is generated 
that resembles the one shown in Figure 2.15. The vertical axis is the prob-
ability for the component cost to equal or exceed the value shown on the x 
axis. The x axis spans the minimum value of A on the left to the maximum 
value of Z on the right. 



CHAPTER 3

Financial Accounting  
and Analysis

3.1  INTRODUCTION

Financial accounting and analysis serve the important corporate functions 
of reporting and evaluating the financial health of a firm.1 Financial state-
ments are prepared by certified management accountants (CMAs) and 
certified public accountants (CPAs), according to the Generally Accepted 
Accounting Principles (GAAP) in a conservative, material, and consistent 
manner. These financial documents provide (a) internal reporting to corpo-
rate insiders for planning and controlling routine operations and for deci-
sions on capital investments, and (b) external reporting to shareholders 
and potential investors in financial markets.2 The financial performance of 
a company always garners a lot of attention.

All financial statements are designed to be relevant, reliable, compa-
rable, and consistent. Financial accounting treats owners (shareholders) 
and corporations as separate entities. Owners of corporations are liable 
only to the extent of their committed investments. Owners enjoy a flexible 
tenure and participation, as they may buy or sell stocks of the company at 
any time. On the other hand, corporations are legal entities, fully responsi-
ble for their liabilities up to the limits of their total assets. All corporations 
are assumed to be going concerns and in operation forever, unless they 
cease to exist by declaring bankruptcy or being acquired by others.

Managerial finance focuses on the sources and uses of funds in a 
company. Capital budgeting is the key responsibility of the company’s 
top management. Capital budgeting decisions take into account the need 
to expand production facilities, develop new products, create new supply 
chains, acquire new technologies to complement the company’s own core 
competencies, penetrate into new regional markets, and indulge in other 
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corporate activities. Besides defining what is worth doing, top manage-
ment must also find the investment capital needed to execute the chosen 
short-term and long-term strategies.3

Resource allocation drives the company’s overall performance.4 Allo-
cation decisions address three major ways of utilizing investment capital: 
(a) assets in place—building new facilities and developing new products,  
(b) marketing and R&D efforts, and (c) strategic partnerships—acqui-
sitions and joint ventures. In deciding on resource allocation, company 
management needs to know what a specific endeavor is worth. Thus, dif-
ferent ways of estimating the value of companies, projects, and opportuni-
ties need to be established.

To be covered in this chapter are (a) language and concepts; (b) finan-
cial statements; (c) performance ratios and analysis; (d) balanced scorecards 
or tools to monitor and promote corporate productivity; (e) the valuation 
of assets in place by the discounted cash flow (DCF) methods, and R&D 
and marketing opportunities by the simple option method; and (f) the use 
of T-accounts. No discussions about the valuation of strategic partnerships 
and capital formation via equity and debt financing are included, as engi-
neering managers and pofessionals are not often involved in the detailed 
financing aspects of raising capital for acquisitions, and joint ventures.

Engineering managers and professionals need to know how to read 
financial statements; monitor the firm’s activity, performance, profitability, 
and market position; and assess the long-term health of a firm. They also need 
to understand the language, principles, and practices of financial manage-
ment.5 Doing so will allow them to bring clarity when initiating proper proj-
ects (e.g., plant expansion, new product and technology development, new 
technology acquisition, strategic alliances, etc.) at the right time to add value 
to their employers as well as to participate in decision making that involves 
major projects in which engineering managers provide significant inputs.

3.2 F INANCIAL ACCOUNTING PRINCIPLES

As practiced in the United States, all financial statements are formulated 
for a specific accounting period. A typical accounting period is three 
months, as the U.S. Securities and Exchange Commission prescribes that 
all publicly traded companies file Form 10-Q reports every quarter. All 
companies also need to publish their Form 10-K reports annually. The 
financial statements must adhere to the basic principles of accounting, dis-
cussed in the following subsections.6
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3.2.1  ACCRUAL PRINCIPLE

Accounting statements include both cash and credit transactions. Rev-
enue is recognized when it is earned. For example, a manufacturing 
enterprise will recognize revenues as soon as products are shipped to 
the customer and an invoice is sent, irrespective of any credit payment 
already received or yet to be collected. Sports teams are known to sell 
season tickets ahead of the games for cash and then recognize the appli-
cable revenue only after each game is played. According to the accrual 
principle of accounting, companies recognize revenues when earned, 
with the assumption that the collection of this revenue from approved 
credit accounts and the delivery of the promised products or services are 
both reasonably assured.

Similarly, the accrual principle specifies that costs and expenses are 
established when incurred, even before actual payments are made.

3.2.2  MATCHING

Expenses are recognized by matching them with the revenue generated in 
a given accounting period. For example, the cost of goods sold (CGS) is 
recognized as an expense only after products are sold and revenue is recog-
nized. Before the products are sold, CGS stays as inventory—a part of the 
corporate current assets—even though costs for materials, labor, and fac-
tory overhead have already been spent for these yet-to-be-sold products.

3.2.3  DUAL ASPECTS

The assets of a company are always equal to the claims against them (i.e., 
assets equal to claims). The claims originate from both creditors and own-
ers. Each transaction has a dual effect in that it induces two entries in 
order to maintain a balance between assets and claims; see T-Accounts 
(Appendix 3.8.1).

3.2.4  FULL DISCLOSURE PRINCIPLE

All relevant information is disclosed to the users of the company’s financial 
reports. Extensive footnotes contained in the annual reports of numerous 
publicly traded companies are testimonials for such disclosure practices.
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3.2.5  CONSERVATISM

Assets are to be recorded at the lowest value consistent with objectivity 
(e.g., book values are often lower than market values). While profits are 
not recorded until recognized, losses are recorded as soon as they become 
known. Inventories are valued at the lower of the cost or market value.

3.2.6  GOING CONCERN

It is generally assumed that the company’s business will go on forever. 
This assumption justifies the current practice of using historical data (e.g., 
the original acquisition costs) and a reasonable method of depreciation 
(e.g., straight line) by which the book value of corporate tangible assets is 
defined. Otherwise, liquidation accounting must be applied to define the 
corporate asset value by using current market prices.7

3.3  KEY FINANCIAL STATEMENTS

Companies in the United States use three financial statements: income 
statement, balance sheet, and funds flow statement.8

3.3.1  INCOME STATEMENT

The income statement is an accounting report that matches sales revenue 
with pertinent expenses that have been incurred (e.g., CGS, taxes, interest, 
depreciation charges, salaries and wages, administrative expenses, R&D, 
etc.). Sometimes it is also called the profit or loss statement, earnings 
statement, or operating and revenue statement. The income statement con-
tains the following key entries:

1.	 Sales revenue is the total revenue realized by the firm during an 
accounting period. Sales revenue is recognized when earned, for 
example, by having goods shipped and invoices issued.

2.	 CGS is the cost of goods that have been actually sold during an 
accounting period. In a manufacturing company, CGS is calcu-
lated as the opening inventory at the beginning of an accounting 
period, plus labor costs, material costs, and manufacturing over-
head incurred during the period, and minus the closing inventory 
at the end of the period.
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3.	 Gross margin is the sales revenue minus the CGS. The gross margin 
percentage is defined as the ratio of gross margin to sales revenue. 
This percentage is typically in the range of 5 percent to 40 percent.

4.	 Expenses are those expenditures chargeable against sales rev-
enue during an accounting period. Examples include general, 
selling, and administrative expenses; depreciation charges; R&D 
expenses; advertising expenses; interest payments for bonds; 
employee retirement benefit payments; and local taxes.

5.	 Depreciation is a process by which the cost of a fixed, long-lived 
asset is converted into expenses over its useful life. This noncash 
exependiture is to be claimed in proportion to the value it has pro-
duced during an accounting period (see Appendix 2.10.3).

6.	 Earning before interest and taxes (EBIT) is the earnings before 
interests and taxes. Sometimes, it is also called operational income.

7.	 Net income (earnings or net operating profit after tax [NOPAT]) is 
the excess of sales revenue over all expenses (e.g., CGS, all items 
under 4 above, and corporate tax) in an accounting period. Some-
times it is also called profit or earnings.

8.	 Dividend is the amount per share paid out to stockholders in an 
accounting period. Typically, the company’s board of directors 
declares the percentage of the net income (say 30 percent) earned 
in a given period to be paid out to shareholders as dividend.  
The remainder portion (say 70 percent) of the net income goes into 
the retained earning account, to be used for investment purposes  
in the subsequent periods by the company manangement.

9.	 Earnings per share (EPS) are the net income of a firm during an 
accounting period (e.g., a year), minus dividends on preferred 
stock, divided by the number of common shares outstanding.

10.	 Costs are resources in dollar spent by the company in a given 
accounting period. Costs differ from expenses. Expenses are those 
costs that are chargeable against revenues in a given accounting 
period. For example, direct and indirect costs contained in the 
products preserved as inventory are not recognized immediately as 
expenses. When products in inventory are sold, then the respective 
CGS is recognized as expenses in the income statement, along with 
other expenses.

11.	 Cash flow is the sum of net income earned plus the depreciation 
charge claimed in a given accounting period.

An income statement shows the firm’s activity. An example is given in 
Table 3.1 for the XYZ Company. In general, sales revenue is referred to as 
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the top line and net income as the bottom line figures in an income state-
ment. These line items are examined closely by financial analysts, as are 
the line items of gross margin and EBIT. (For a detailed analysis and inter-
pretation of income statement entries, see Section 3.4.2 on Ratio Analysis.)

Engineering managers and professionals are involved in deploying 
company resources to promote the financial success of their employers. 
The impact of their engineering activities is registered in several line items 
contained in the income statement:

1.	 Sales: Engineering managers increase sales through well-designed 
products that satisfy the needs of customers. They introduce inno-
vative features and functionalities of their products/servcies that 
enhance their relative competitiveness in the marketplace. They 
refine products/services that are easy to serve and maintain, thus 
promoting their market acceptance. They also identify and secure 
suitable supply partners to increase the speed of introducing prod-

Table 3.1.  Example of XYZ income statement 

Entries

Year 2011  
(millions of  

dollars)

Year 2012  
(millions of  

dollars)

Sales (net) revenue 8,380.30 8,724.70
Cost of goods sold 6,181.20 6,728.80
Gross margin 2,199.10 1,995.90

General, selling, and administra-
tive expenses

320.70 318.80

Pensions, benefits, R&D, insur-
ance, and others

494.60 538.70

State, local, and miscellaneous 
taxes

180.10 197.10

Depreciation 297.20 308.60

EBIT 906.50 632.70

Interest and other costs related 
to debts

82.90 114.40

Corporate tax (32.05%) 264.00 (20.84%) 108.00

Net income (NOPAT) 559.60 410.30

Common stock dividend 151.60 172.80

Retained earnings 408.00 237.50
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uct/service and the extent of product/service customization in the 
marketplace.

2.	 CGS: Engineering managers and professionals cut down product/
service costs by performing work related to innovative design, 
value engineering, manufacturing, and quality control.

3.	 R&D: Engineering managers advance and apply new technologies 
to enhance product/service features and to foster the rapid develop-
ment of new global offerings.

Example 3.1

The Advanced Technologies company has had quite a successful year. Its 
assets, liabilities, revenues, and expenses at the end of the current fiscal 
year are exhibited in Table 3.2.

Determine the net income of the company for the current year.

Answer 3.1

To determine the company’s net income, we need to create the income 
statement for the company. As presented in Table 3.3, only selected items 
of Table 3.2 are to be included in the company’s income statement. For the 
current year, the company has a net income of $2,050,000.

3.3.2  BALANCE SHEET

The balance sheet is an accounting report that presents the assets owned 
by a company and the ways in which these assets are financed through lia-
bilities and owners’ equity (OE). Equation 3.1 depicts the balance between 
assests (A) and claims consisting of liabilities (L) and OE.

A = L + OE	 (3.1)

Liabilities are creditors’ (such as banks, bondholders, and suppliers) 
claims against the company. Owners’ equity represents the claims of own-
ers (shareholders) against the company.9 The following key entries are 
included in a balance sheet:

1.	 Assets are items of value having a measurable worth. They are 
resources of economic value possessed by the company. There are 
three classes of assets: current, fixed, and all others.
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2.	 Current assets are convertible to cash within 12 months. Exam-
ples include, in a descending order of liquidity, cash, marketable 
securities, accounts receivable, inventory, and prepaid expenses.

3.	 Cash is money on hand or in checks, and is the most liquid form 
of assets.

Table 3.2.  Records of financial entries

# Items Thousands of dollars

1 Accounts payable 3,740
2 Accounts receivable 7,550

3 Advertising expense 3,340

4 Administrative expense 5,500

5 Building (net) 36,300

6 Cash 6,320

7 Cost of goods sold 31,000

8 Depreciation expense—building 960

9 Depreciation expense—equipment 1,310

10 Equipment (net) 14,640

11 Inventory 11,000

12 Insurance expense 840

13 Interest expense 2,100

14 Land 2,100

15 Long-term loans outstanding 42,000

16 Miscellaneous expense 1,480

17 R&D 5,200

18 Salaries payable 170

19 Sales revenue 60,300

20 Supplies expense 1,820

21 Taxes expense 2,630

22 Taxes payable 610

23 Utilities expense 2,070



Financial Accounting and Analysis    •   83

4.	 Accounts receivable is the category of revenue recognized prior 
to payment collection. It is money owed to the firm, usually by its 
customers or debtors, as a result of a credit transaction.

5.	 Inventory designates stock of goods yet to be sold that is valued 
at cost, including direct materials, direct labor, and manufacturing 
overhead. It may consist of stores, work in progress, and finished 
goods inventories (see Appendix 2.10.4). Inventory is included in 
the balance sheet as a current asset.

When finished goods are shipped and invoiced to customers 
in an accounting period, their respective CGS is then recognized 
in the income statement as an expense.

6.	 Prepaid expenses are paid before receiving the expected benefit (e.g., 
rent, journal subscription fee, or season’s tickets). It is a current asset.

Table 3.3.  Income statement of Advanced Technologies

Entries Thousands of dollars

Sales revenue 60,300
Cost of goods sold 31,000

Gross margin 29,300

Administrative expense 5,500

Advertising expense 3,340

Supplies expense 1,820

Utilities expense 2,070

Miscellaneous expense 1,480

Insurance expense 840

Depreciation—building 960

Depreciation—equipment 1,310

R&D 5,200

Operating income 6,780

Interest expense 2,100

Taxable income 4,680

Taxes expense 2,630

Net income 2,050
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7.	 Fixed assets are tangible assets of long, useful life (more than 12 
months) such as land, buildings, machines, and equipment. Improve-
ment costs for these fixed assets are added to the fixed asset value. 
On the other hand, repair and maintenance costs for them incurred 
in a given accounting period are expensed in the income statement.

8.	 Other assets are valuable assets that are neither current nor fixed. 
Examples include patents, leases, franchises, copyrights, and 
goodwill. Amortization accounting applies to these assets in a sim-
ilar manner, as depreciation is applied to fixed assets (see Appen-
dix 2.10.3).

Goodwill—a company’s reputation and brand-name recogni-
tion—is recognized as an asset only if it has been purchased for a 
measurable monetary value, such as in conjunction with a merger 
or acquisition transaction.

9.	 Accumulated depreciation is the sum of all annual deprecia-
tion charges taken from the date at which the fixed asset is first 
deployed up to the present.

10.	 Net fixed assets are the net value of the firm’s tangible assets—
original acquisition cost minus accumulated depreciation. Note 
that this net fixed asset value may deviate considerably from its 
market value or replacement cost in a given accounting period. 
The conservatism principle prescribes that the net fixed asset is 
carried on the balance sheet even if it is lower than its current 
market value. Otherwise, a loss entry must be added to the balance 
sheet to adjust the fixed asset value downwards, should the net 
fixed asset become higher than its current market value.

11.	 Liabilities are obligations that are to be discharged by the com-
pany in the future. They represent claims of creditors (e.g., banks, 
bondholders, and suppliers) against the firm’s assets. Sometimes, 
it is also called debt.

12.	 Current liability describes amounts due for payment within 12 
months. Examples include accounts payable, short-term bank 
loans, interest payments, payable tax, insurance premiums, 
deferred income, and accrued expenses. Accounts payable is 
always listed first within the category of current liabilities, with 
others to follow in no specific order.

13.	 Accounts payable is an expense recognized before payment. It is 
an obligation to pay a creditor or a supplier as a result of a credit 
transaction, usually within a period of one to three months.

14.	 Deferred income is income received in advance of being earned and 
recognized (i.e., payment received before shipment or invoicing,  
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or both, of goods). In the balance sheet, it is included as a current 
liability.

15.	 Deferred income tax is the amount of tax due to be paid in the 
future, usually within 12 months.

16.	 Long-term liability is defined as the amounts due to be paid 
beyond the next 12 months. Examples include corporate bonds, 
mortgage loans, long-term loans, lines of credit, long-term leases, 
and contracts.

17.	 Bonds are long-term debt certificates secured by the assets of a 
company or a government. Bonds issued by a publicly held com-
pany are corporate bonds, and those issued by the U.S. federal 
government are Treasury bonds. In case of defaults, bondholders 
have the legal right to seize the assets, which the company has 
placed as collaterals for the bonds, for recovery.

18.	 Debentures are unsecured bonds issued by the firm. Typically, 
debentures carry a higher interest rate than bonds that are secured 
by collaterals.

19.	 Convertible bonds are those issued by a company and they are 
allowed to be converted into common stocks according to a set of 
predetermined conversion schemes.

20.	 Owners’ equity is the shareholders’ original investment plus accu-
mulated retained earnings. It represents the residual value of the 
corporation owned by the shareholders after having deducted all lia-
bilities from company assets. Sometimes it is also called net worth.

21.	 Stock is a certificate of ownership of shares in a company. Pre-
ferred stocks have a fixed rate of dividend that must be paid before 
dividends are distributed to holders of common stocks.

22.	 Capital surplus is the premium price per share above the par value 
of the stock. It includes the increase in the owner’s equity above 
and beyond the difference between assets and liabilities reported 
in the company’s balance sheet. It is part of the owners’ equity.

23.	 Retained earnings are the accumulated earnings retained by the 
company for the purpose of reinvestment and which had not been 
paid out as dividends.

24.	 Book value is defined as the tangible assets (such as fixed assets) 
minus liabilities and the equity of preferred stocks. It is the share 
value of common stocks carried in the books.

25.	 Stock price is the market value of a firm’s stock. It is influenced 
by the book value, earning per share, anticipated future earnings, 
perceived management quality, and environmental factors present 
in the marketplace.
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The contributions of engineering managers affect only one line item in 
the balance sheet, namely, inventories. Inventories may be scaled down 
by applying superior production technologies, product design, and best 
practices of supply-chain management.

The organization of entries in a balance sheet follows the specific 
convention listed below:

1.	 Assets are listed before liabilities, which are then followed by OE.
2.	 Current assets and liabilities are enumerated ahead of noncurrent 

assets and liabilities, respectively.
3.	 Liquid assets are listed before all other assets with less liquidity.
4.	 The listing of current liabilities follows no specific order, except 

that accounts payable must always be listed first in this section.

Table 3.4 shows a sample balance sheet of XYZ Company.

Table 3.4.  Example of XYZ balance sheet 

Entries

Year 2011  
(millions of  

dollars)

Year 2012  
(millions of  

dollars)

Assets
Cash 231.00 245.70
Marketable securities 450.80 314.90
Accounts receivable 807.10 843.50
Inventories 1,170.70 1,387.10
Total current assets 2,659.60 2,791.20
Fixed assets 11,070.40 11,897.70
Accumulated depreciation 6,410.70 6,618.50
Net fixed assets 4,659.70 5,279.20
Long-term receivables and other 
investments

574.80 735.20

Prepaid expenses 260.90 362.30
Total long-term assets 5,495.40 6,376.70
Total assets 8,155.00 9,167.90

(Continued )
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Entries

Year 2011  
(millions of  

dollars)

Year 2012  
(millions of  

dollars)

Liabilities
Accounts payable 571.20 622.80
Notes payable 65.30 144.50
Accrued taxes 346.30 275.00
Payroll and benefits payable 433.70 544.30
Long-term debt due within a year 30.40 50.80
Total current liabilities 1,446.90 1,637.40
Long-term debt 1,542.50 1,959.90
Deferred tax on income 288.40 405.30
Deferred credits 27.00 36.30
Total long-term liabilities 1,857.90 2,401.50
Total liabilities 3,304.80 4,038.90
Common stock ($1.00 par value) 81.40 82.20
Capital surplus 1,549.10 1,589.60
Accumulated retained earnings 3,219.70 3,457.20
Total owner’s equity 4,850.20 5,129.00
Total liabilities and owners’ 
equity

8,155.00 9,167.90

Table 3.4.  (Continued )

Example 3.2

Using the data given in Table 3.2, construct the balance sheet of Advanced 
Technologies and determine the OE at the end of the current fiscal year.

Answer 3.2

The OE amount to $29,120,000 at year end (see Table 3.5).

3.3.3  FUNDS FLOW STATEMENT

The funds flow statement compares the firm’s activities in two consecu-
tive accounting periods from the standpoint of funds. It is an accounting 
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report that elucidates the major sources and uses of funds of the firm. It 
is sometimes also called statement of changes in financial position or the 
statement of sources and uses of funds.

The principle behind the funds flow analysis is rather simple. An 
increase in assets signifies a use of funds, such as buying a plant facility 
by paying cash or using credit. A decrease in assets indicates a source of 
funds, such as selling used equipment to receive cash for use in the future. 
An increase in liabilities produces a source of funds, such as borrowing 
money from a bank so that more cash is available for other purposes. A 
decrease of liabilities yields a use of funds, such as paying down a bank 
loan by using money from the company’s cash reservoir. Table 3.6 pres-
ents an example of the funds flow statement of XYZ Company at the end 
of year 2012, based on the financial data presented in Table 3.1.

The funds flow statement shown in Table 3.6 is generated by applying 
the following procedure:

Table 3.5.  Balance sheet of Advanced Technologies

Entries Thousands of dollars

Cash 6,320
Accounts receivable 7,550

Inventory 11,000

Total current assets 24,870

Land 2,100

Equipment (net) ($14,640–1,310) 13,330

Building (net) ($36,300–960) 35,340

Total assets 75,640

Accounts payable 3,740

Taxes payable 610

Salaries payable 170

Long-term loans outstanding 42,000

Total liabilities 46,520

Owners’ equities 29,120

Total liabilities and owners’ equities 75,640
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Table 3.6.  Example of XYZ funds flow statement

Entries

2011–2012   
(millions of  

dollars) Percentage

Sources

Increase in long-term debt 437.40 26.50

Net income 410.30 24.86

Depreciation* 308.60 18.70

Decrease in marketable securities 135.90 8.23

Increase in deferred taxes on income 116.90 7.08

Increase in payroll and benefits payable 110.60 6.70

Increase in notes payable 79.20 4.80

Increase in accounts payable 51.60 3.13

Total source of funds 1,650.50 100.00

Uses

Increase in fixed assets and other invest-
ments

928.10 56.23

Increase in inventories 216.40 13.11

Dividend paid 172.80 10.47

Increase in prepaid expenses 101.40 6.14

Increase in long-term receivables 59.60 3.61

Decrease in accrued taxes 71.30 4.32

Increase in capital surplus 40.50 2.45

Increase in accounts receivable 36.40 2.21

Increase in cash 14.70 0.89

Increase in deferred credits 9.30 0.56

Total uses of funds 1650.50 100

*Depreciation is a noncash expenditure that must be added back here to 
denote a source of funds available to the firm.
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A.	 Increase in plants and equipment
1.	 Increase in fixed assets (11897.7 – 11070.4) = 827.3
2.	 Increase in long-term receivables and other investments (735.2 

– 574.8) = 160.4
3.	 As details are missing, we introduce the following reasonable 

assumption:
(a)	Long-term receivables = 59.6
(b)	Increase in other investment = 100.8

4.	 Total increase in fixed asset investment (827.3 + 100.8) = 928.1
B.	 Increase in long-term debt

1.	 Increase in long-term debt (1959.9 – 1542.5) = 417.4
2.	 Increase in long-term debt due within one year (50.8 – 30.4) = 

20.4
3.	 Total (417.4 + 20.4) = 437.8

C.	 Increase in common stock and capital surplus
1.	 Increase in common stocks (82.2 – 81.4) = 0.8
2.	 Increase in capital surplus (1589.6 – 1549.1) = 40.5
3.	 Total = 41.3

Most other line items in the statement are directly verifiable. By examin-
ing the individual percentages of sources and uses of funds involved, as 
shown in the last column in Table 3.6, managers and investors can readily 
evaluate the extent to which fund flow is aligned with the stated corporate 
strategies.

3.3.4  LINKAGE BETWEEN STATEMENTS

The three financial statements described previously are linked to one 
another. The net profit in the income statement is linked with the retained 
earning in the balance sheet. The inventory account in the balance sheet is 
linked with the sales revenue in the income statement. The accumulated 
depreciation in the balance sheet is linked with the annual depreciation 
charge included in the income statement. Because the depreciation charge 
taken in a given period affects the net profit of the company during the 
same period, it is thus indirectly linked to the retained earning account in 
the balance sheet as well.

The linkage between the funds flow statement and the other two 
financial statements is self-evident, as all data in the funds flow statement 
are derived from changes in various line items contained in the other two 
statements.
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3.3.5  RECOGNITION OF KEY ACCOUNTING ENTRIES

This section offers additional notes on the recognition of several key 
accounting entries—assets, liabilities, revenues, and expenses—accord-
ing to GAAP practiced in the United States. Other countries may have 
slightly different rules governing the reporting practices of these items.

A.	 Assets are the resources under company control. They have eco-
nomic value and can be used to produce future benefits. Asset 
recognition is based on two principles: historical cost and conserva-
tism.10 All assets are reported by using historical cost—that is, the 
initial capital investment value at some time in the past. The book 
value of a given asset is defined as its initial acquisition cost minus 
the accumulated depreciation. Should the asset’s current market 
value drop below its book value, the shortfall must be reported as 
an expense. If its market value exceeds its book value, however, 
the surplus is not reported in the company’s balance sheet. This is 
to ensure that the asset value included in the balance sheet always 
denotes its lower bound. Thus, the balance sheet may understate the 
true value of the company’s assets.11

Asset reporting must address the issues of (a) asset ownership 
and (b) the certainty of its future economic benefits. If neither the 
ownership nor the future benefits are clearly established, an asset 
cannot be recognized. For example, companies routinely invest in 
employee training in the hope that doing so will lead to increased 
productivity at a future point in time. Since the completed training 
is really owned by the employees, and employees may leave at any 
time they wish, companies do not have real ownership of the train-
ing results. Thus, employee training is regarded as an expense and 
not an asset. When companies acquire plant facilities to make prod-
ucts for sales in the marketplace, its future benefits are more or less 
certain. Plant facilities are thus reported as assets. When companies 
apply resources to expand R&D and advertising, the future benefits 
of these investments are neither certain nor measurable. R&D and 
advertising are thus recognized as expenses and not assets.

GAAP accounting rules in the United States contain one excep-
tion: Generally speaking, software development costs are to be reported 
as expenses as they are incurred. However, once the company manage-
ment becomes confident that the software development efforts can be 
completed and the resulting software product will be used as intended, 
all costs incurred from that point on are to be reported as assets.
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There are several ambiguities in the accounting rules practiced 
in the United States:
1.	 Buying versus developing: If Company A acquires Company 

B by paying a purchase price that exceeds Company B’s net 
asset value, then this excess value is called goodwill. Goodwill 
includes the intangible assets of Company B such as its brand 
name, trademarks, patents, R&D portfolio, and employee skills. 
After the merger, the surviving company has part of its R&D 
(from the original Company A) recognized as expenses, and 
part of the R&D (acquired from Company B) as assets.

2.	 Valuing intangible assets: “If you can’t kick a resource, it really 
isn’t an asset.” This saying is typically the justification used by 
companies to rapidly write off intangible assets from their bal-
ance sheets. Oftentimes, goodwill is significantly overvalued 
in a merger or acquisition transaction due to potential conflicts 
of interests among the parties involved. Writing off intangible 
assets distorts the true value of the assets reported in the com-
pany’s balance sheet.

3.	 Market value: U.S. accounting rules prescribe that market-
able securities (e.g., stocks, bonds, and real estates) are to be 
reported at their fair market values only if they are not to be 
held to maturity. Thus, at any given time, the real asset value of 
a company is distorted by not reporting the current true market 
values of these assets in balance sheets.

B.	 Liabilities are obligations to be satisfied by transferring assets or pro-
viding services to another entity (e.g., banks, suppliers, and customers).

A liability is recorded when an obligation has been incurred and 
the amount and timing of this obligation can be measured with a rea-
sonable amount of certainty.12 For multiple-year commitments, the 
recordable obligation is the present value of expected future com-
mitments wherein the discount rate (interest rate) is the prevailing 
rate when the obligation was first established (see Appendix 2.10.2).

C.	 Revenue recognition must satisfy two conditions: Revenue is 
earned when (a) all or substantially all of the goods or services are 
delivered to the customers and (b) it is likely that the collection 
of cash or receivables will be successful. Generally speaking, the 
timing of product or service delivery may not be the same as that 
for payment collection.13

For magazine subscriptions, insurance policies, and ser-
vice contracts, customers usually pay in advance. In these cases,  
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payments received ahead of the service delivery dates are kept 
in a “deferred revenue” account. Only after the pertinent service 
is delivered will the applicable payments be credited to the reve-
nue T-account during the accounting period. A detailed discussion 
on T-accounts is offered in Appendix 3.8.1. For products sold on 
credit, companies recognize the revenue as soon as the products 
are shipped out, and invoices are issued to customers ahead of the 
payment collection.

In the case of construction projects, which usually stretch 
out over many accounting periods, revenues are registered in  
T-accounts by using the percentage completion method and are 
recognized in proportion to the expenses incurred in the project.

For products sold with money-back guarantees, companies 
recognize revenue at the time the product is delivered. At the end of 
an accounting period, management makes an estimate of the cost of 
returns (a liability) to adjust the revenue figure.

D.	 Expenses are economic resources that either have been consumed 
or have declined in value during an accounting period. Expenses 
are typically recorded in the form of a reduction of asset value (e.g., 
cash) or by a creation of liability (e.g., accounts payable).

There are three types of expenses: (a) consumed resources hav-
ing a cause-and-effect relationship with revenue generated during 
the same accounting period (e.g., CGS); (b) other resources con-
sumed during the same accounting period, but having no cause-
and-effect relationship with revenue (such as R&D expenses, 
advertising expenses, depreciation charges, local taxes, pension 
expenses, and other general administrative expenses); (c) reduction 
of expected benefits of company assets generated by past invest-
ments (e.g., the write-down of production facilities and equipment 
that is no longer of value due to the noncompetitiveness of products 
or technological obsolescence).14

3.3.6  CAUTION IN READING FINANCIAL STATEMENTS

In the United States, companies follow the GAAP defined by the industrial 
panel named Financial Accounting Standards Board (FASB), in preparing 
financial statements. Even so, all of these financial statements are not cre-
ated equally; they need to be studied carefully because of the following 
built-in variations:
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1.	 Depreciation accounting base: Some companies may use straight-
line method, whereas others may choose to use the double-declin-
ing method, as both are allowable.

2.	 Inventory accounting method: Some companies use first in and 
first out (FIFO) methods, whereas others my choose to use last 
in and first out (LIFO). In time periods with high price volatility, 
the inventory value will be affected by the inventory accounting 
method chosen.

3.	 Cost of capital: Companies incur cost when employing capital, which 
is typically generated by selling company stocks (equity financing) 
and/or by issuing corporate bonds (debt financing). Dependent on the 
debt to equity ratio and cost of raising equity and debt, the weighted 
average of cost of captial (WACC) will be different from time to time 
and from one company to another.

4.	 Difference between book and market values: The book values of 
companies’ fixed assets are calculated by substracting the accumu-
lated depreciation from their initial acquisition prices. These values 
may be quite different from the assets’ current market values, which 
in turn are dependent on the supply and demand in the marketpalce 
and the overall economy. Such differences may have to be empiri-
cally readjusted, when evaluating them.

5.	 Long-term liabilities reportable: The current FASB rules do not 
require companies to report long-term liabilities associated with 
pension, health care, and other such obligations in balance sheets, 
although these liabilities are typically disclosed in footnotes and 
other such obsure places within the companies’ annual reports. 
Some companies with a heavily unionized workforce could there-
fore create the illusion of having a higher net worth than otherwise 
before uninformed investors. In March 2006, FASB annouced the 
intention of initiating new regulations to improve the transparency 
of this disclosure. It is thus important to keep such long-term lia-
bilities in mind when reading financial statements of any company.

Example 3.3

Superior Technologies sells a product at the unit price of $100. The unit 
cost of the product is $60. Annual sales have averaged 1 million units, and 
its annual selling expense has been $7 million. Market research has deter-
mined that, if the selling price of the company product is decreased to $90, 
there will be a 35 percent increase in the number of units sold. The engi-
neering department estimates that, if the production volume is increased 
by 35 percent, it will reduce the unit product cost by 10 percent due to the 
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scale of economies. To pursue the 35 percent increase in sales volume, 
the company’s selling expense will need to increase by about 50 percent.

The company’s current warehouse facilities are sufficiently large to 
accommodate the possible increase of 35 percent in sales volume without 
requiring new investment. Furthermore, regardless of the product price, the 
company is obliged to pay an annual loan interest of $2 million. Its corporate 
tax rate is 45 percent. It maintains an R&D department, whose operation is 
independent of the sales units, at an annual cost of $5 million. Its administra-
tive expense is $15 million, which is also independent of the sales activities. 
In addition, the company incurs a pretax depreciation charge of $2 million.

Determine if the reduction of product price would increase or decrease 
the net income of the company and by how much.

Answer 3.3

The reduction of product price will cause the company’s net income to 
increase to $7.75 million from $4.95 million (see details in Table 3.7).

Table 3.7.  Net income due to increased sales

Items
Current operation 

(dollars)

Operation with 
increased unit sales 

(dollars)

Units of product sold 1,000,000 1,350,000
Product price 100 90
Unit product cost 60 54
Sales revenue 100,000,000 121,500,000
Cost of goods sold 60,000,000 72,900,000
Gross margin 40,000,000 48,600,000
Selling expense 7,000,000 10,500,000
Administrative expense 15,000,000 15,000,000
R&D 5,000,000 5,000,000
Depreciation 2,000,000 2,000,000
EBIT 11,000,000 16,100,000
Interest 2,000,000 2,000,000
Taxable income 9,000,000 14,100,000
Tax (45%) 4,050,000 6,345,000
Net income 4,950,000 7,755,000
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Example 3.4

The company is considering the introduction of a new product that is 
expected to reach sales of $10 million in its first full year of operation 
and $13 million of sales in the second and third years. Thereafter, annual 
sales are expected to decline to two-thirds of peak annual sales in the 
fourth year, and one-third of peak sales in the fifth year. No more sales are 
expected after the fifth year.

The CGS is about 60 percent of the sales revenues in each year. 
The sales general and administrative (SG&A) expenses are about 
23.5  percent of the sales revenue. Tax on profits is to be paid at a 
40 percent rate.

A capital investment of $0.5 million is needed to acquire production 
equipment. No salvage value is expected at the end of its five-year useful 
life. This investment is to be fully depreciated on a straight-line basis 
over 5 years.

In addition, working capital is needed to support the expected sales in 
an amount equal to 27 percent of the sales revenue. This working capital 
investment must be made at the beginning of each year to build up the 
needed inventory and to implement the planned sales program.

Furthermore, during the first year of sales activity, a one-time prod-
uct introductory expense of $200,000 is incurred. Approximately $1.0 
million had already been spent promoting and test marketing the new 
product.

A.	 Formulate a multiyear income statement to estimate the cash flows 
throughout its five-year life cycle.

B.	 Assuming a 20 percent discount rate, what is the new product’s net 
present value (NPV)?

C.	 Should the company introduce the new product?

Answer 3.4

Table 3.8 presents the expected cash flows from year 1 to year 5. Its pres-
ent value is $3.07 million.

Introducing this new product line requires a capital investment of $1.5 
million and total working capital investment of $6.425 million over five years. 
Thus, the NPV of this new product line is estimated to be –$4.8 million. The 
new product line should not be introduced because of its projected poor 
profitability.
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3.4 F UNDAMENTALS OF FINANCIAL ANALYSIS

The purpose of conducting financial analyses is to assess the effectiveness 
of the company’s management in achieving the objectives set forth by 
the company’s board of directors with respect to a number of critically 
important business factors.15 Such factors include:

1.	 Liquidity—the availability of current assets to satisfy the firm’s 
operational requirements

2.	 Activity—the efficiency of resource utilization
3.	 Profitability—the extent of the firm’s financial success
4.	 Capitalization—the makeup of the company’s assets and its utili-

zation of financial leverage
5.	 Stock value—the market price of the company’s stock. The prod-

uct of stock price and the number of outstanding stocks is defined 
as market capitalization.

Typically, the corporate objectives of many for-profit companies are 
growth, profitability, and return on investment (ROI).

The growth objective suggests that companies keep product prices 
low, increase marketing expenses, run plants at full capacity, take loans 
to keep inventory high, strive for a larger market share and gain a more 
dominant market position. The profitability objective dictates that com-
panies set prices high to maximize profits, run plants at a capacity that 
minimizes costs (production and maintenance), and use debt, when called 
for, to reduce tax liabiities. The ROI objective is achieved by operating 
the company to maximize its financial return with respect to the firm’s 
investment (e.g., the “milk-the-cash-cow” strategy, see Section 4.5.1[D]).

Financial analyses focus on studying period-to-period changes in key 
financial data (internal benchmarking) and on comparing performance 
ratios with the applicable industrial standards (external benchmarking).

3.4.1  PERFORMANCE RATIOS

In this section, we introduce a specific system of calculating performance 
ratios by grouping together the ratios for liquidity, activities, profitability, cap-
italization, and stock value.16 In order to understand the performnce analysis 
system, we will want to first learn how each of these terms is defined.

A.	 Liquidity:  It is the firm’s capability to satisfy its current liabilities, such 
as buying materials, paying wages and salaries, and  paying interests  
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on long-term debt, and other necessary expenditures. Without 
liquidity, there can be no activity.

Working capital is defined as current assets minus current lia-
bilities. The changes in working capital over several periods pro-
vide an indication of the company’s reserve strength to weather 
financial adversities.

Current ratio is the ratio of current assets to current liabili-
ties. Current assets are frequently considered the major reservoir of 
funds for meeting current obligations. This ratio provides an indica-
tion of the company’s ability to finance its operations over the next 
12 months. A current ratio above 1.0 indicates a margin of safety 
that allows for a possible shrinkage of value in current assets such 
as inventories and accounts receivables. However, having a current 
ratio in excess of 2.0 or 3.0 may indicate a poor cash management 
practice.

Quick ratio is the ratio of quick asset to current liabilities. 
Quick asset is defined as cash plus marketable securities and 
accounts receivable. This ratio is more severe than the current ratio 
in that it excludes the value of inventory whose liquid value may 
not be certain. Thus, the quick ratio indicates the company’s ability 
to meet its financial obligations over the next 12 months without the 
use of inventory that may take time to unload. Sometimes, it is also 
called the acid test or liquidity ratio.

B.	 Activity: The changes in sales and inventory are activities. Suc-
cessful activity leads to profitability.

Collection period ratio is the accounts receivable divided by 
average daily sales and it is measured in days. The average daily 
sales is the total annual sales divided by 360 days. This ratio mea-
sures the managerial effectiveness of the credit department in col-
lecting receivables and the quality of accounts receivable.

Inventory turnover ratio is the CGS divided by the average 
inventory. It expresses the number of times during a year that the 
average inventory is recouped or turned over through the compa-
ny’s sales activities. The higher the turnover, the more efficient will 
be the company’s inventory management performance, provided 
that there has been no shortage of inventory, which would result in 
a loss of sales and a failure to satisfy customers’ needs.

Asset turnover ratio of net sales to total assets is a measure of 
the ability of the company’s management to utilize total assets to 
generate sales.

Working capital turnover ratio is net sales to working capital. 
Working capital is defined as average current assets minus average 
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current liabilities. It indicates the company’s ability to efficiently 
utilize working capital to generate sales.

Sales to employee ratio is the company’s net sales revenue 
divided by its average number of employees working during an 
accounting period. It measures the company’s ability to effectually 
utilize human resources.

C.	 Profitability: To be profitable is the objective of all for-profit com-
panies. Without liquidity and activity, there can be no profitabil-
ity. If the company is profitable, it can readily obtain the required 
liquidity to keep its operations continuing.

Gross margin to sales ratio measures the company’s profitabil-
ity on the basis of sales. Gross margin is defined as sales revenue 
minus CGS. Gross margin percentage is defined as the gross margin 
divided by sales.

Net income to sales ratio indicates the company’s overall oper-
ational efficiency (e.g., procurement, cost control, current assets 
deployment, and utilization of financial leverage) in creating prof-
itability based on sales. This ratio is also known as ROS, which 
stands for return on sales.

Net income to OE ratio measures profitability from the share-
holders’ viewpoint. It is also known as ROE, which stands for return 
on equity. This ratio indicates the earning power of the ownership 
investment in the company.

Net income to total asset ratio is net income divided by total 
assets. It measures the management’s ability to effectively apply 
company assets in generating profits. It is known as ROA, which 
stands for return on assets.

D.	 Capitalization: The sum of the company’s long-term liabilities and 
OE is defined as the total capital deployed by company manage-
ment to pursue business opportunities. Several ratios are in use to 
assess this capital deployment effectiveness.

Returned on invested capital is the ratio of net income divided 
by capital.

Interest coverage ratio (EBIT divided by the interest expense) 
calculates the number of times the company’s EBIT covers the 
required interest payment for the long-term debt—an indication of 
the company’s ability to remain solvent in the foreseeable future.

Long-term debt to capitalization ratio is the ratio of long-term 
debt to the firm’s capital—the total permanent investment in a com-
pany, indicating the percentage of long-term debt in the company’s 
capital structure, excluding current liabilities. It is a measure of the 
company’s financial leverage. Keeping this ratio small (hence, large 
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OE percentage) may not always be the smart choice, as the com-
pany will forgo the use of low-cost debt with tax deductible interest 
payments to enhance profitability.

Debt to equity ratio is the ratio of total liability to OE. It also 
measures the company’s financial independence and the relative 
stake of shareholders (insiders) and bondholders (outsiders). A low 
ratio indicates that the company is financially secure so far as the 
owners are concerned. A high ratio indicates that the firm may have 
difficulty borrowing money in the future.

E.	 Stock value: This is the market price or value of the company’s 
stock as defined by the financial markets. The company’s man-
agement is obliged to pursue proper business strategies in order to 
steadily raise their stock value.

EPS is the ratio of net income minus preferred stock dividends 
divided by the number of common stocks outstanding.

Price to earning ratio (P/E) is the ratio of the market price 
of common share to earning per share. This ratio is widely used 
by financial analysts to predict the future market price of a comp-
nay’s stock by estimating its future earning per share values in the 
upcoming periods. In 2013, many companies listed in Standard and 
Poor 500 index have their P/E ratios in the range of 12 to 20.

Market to book ratio is the ratio of market price of stock to the 
book value per share. More precisely, the total book value of a com-
pany is defined as the total assets minus intangible assets, minus 
total liability, and minus the equity of preferred stocks. The book 
value per share is then the total book value divided by the number 
of outstanding common shares.

Dividend payout ratio is the ratio of dividends per share divided 
by earnings per share. It indicates the percentage of annual earnings 
paid out as dividends to shareholders. The portion that is not paid 
out goes into the retained earnings account on the balance sheet.

Example 3.5

The XYZ Corporation has current liabilities of $130,000 with a current 
ratio of 2.5:1. Indicate whether the individual transactions specified below 
will increase or decrease the current ratio or the amount of working capital 
and by how much in each case. Treat each item separately.

1.	 Purchase is made of $10,000 worth of merchandise on account.
2.	 The company collects $5,000 in accounts receivable.
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3.	 Repayment is planned of notes payable that are due in current 
period, with $15,000 cash from bank account.

4.	 The acquisition of a machine priced at $40,000 is paid for with 
$10,000 cash, and the lump-sum balance is due in 18 months.

5.	 The company conducts a sale of machinery for $10,000. Accu-
mulated depreciation is $50,000, and its original cost is $80,000.

6.	 The company pays dividends of $10,000 in cash and $10,000 in 
stock.

7.	 Wages are paid to the extent of $15,000. Of this amount, $3,000 
had been shown on the balance sheet as accrued (due).

8.	 The company borrows $30,000 for one year. Proceeds are used 
to increase the bank account by $10,000 to pay off accounts 
due to the supplier ($15,000) and to acquire the right to patents 
($5,000).

9.	 The company writes down inventories by $7,000 and organization 
expenses by $5,000.

10.	 The company sells $25,000 worth (cost) of merchandise from 
stock to customers who pay in 30 days. Company has a gross mar-
gin of 40 percent.

Answer 3.5

The following formula is used to determine current assets and working 
capital:

Current ratio (CR) = �current assets (CA) divided by current liabilities 
(CL)

CR = 2.50
CL = $130,000
CA = 2.5 × 130,000 = $325,000
WC = CA – CL = 325,000 – 130,000 = $195,000

1.	 Increase in inventory: $10,000
	 Increase in accounts payable: $10,000
	 CR = 335/140 = 2.39 (down by 0.11)
	 WC = unchanged.
2.	 Increase in cash: $5,000
	 Decrease in accounts receivable: $5,000
	 CR = unchanged
	 WC = unchanged
3.	 Decrease in cash: $15,000
	 Decrease in notes payable: $15,000
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	 CR = 310/115 = 2.70 (up by 0.2)
	 WC = unchanged
4.	 Increase in fixed assets: $40,000 (no effect)
	 Decrease in cash: 10,000
	 Increase in long-term notes: 30,000 (no effect)
	 CR = 315/130 = 2.42 (down by 0.8)
	 WC = $185,000 (down by $10,000)
5.	 Decrease in fixed assets: $80,000 (no effect)
	 Decrease in accumulated depreciation: $50,000 (no effect)
	 Decrease in surplus: 20,000 (no effect)
	 Increase in cash: 10,000
	 CR = 335/130 = 2.58 (up by 0.08)
	 WC = $205,000 (up by $10,000)
6.	 Decrease in cash: $10,000
	 Decrease in surplus: 20,000 (no effect)
	 Increase in stock: 10,000 (no effect)
	 CR = 315/130 = 2.42 (down by 0.8)
	 WC = $185,000 (down by $10,000)
7.	 Increase in cash: $10,000
	 Increase in note payable: 30,000
	 Decrease in accounts payable: 15,000
	 Increase in patents: 5,000 (no effect)
	 CR = 335/145 = 2.31 (down by 0.19)
	 WC = $190,000 (down by $5,000)
8.	 Decrease in inventories: $7,000
	 Decrease in organizational expense: $5,000 (no effect)
	 Decrease in surplus: 12,000 (no effect)
	 CR = 318/130 = 2.45 (down by 0.5)
	 WC = $188,000 (down by $7,000)
9.	 Decrease in profit and loss: $12,000 (no effect)
	 Decrease in cash: 15,000
	 Decrease in accruals: 3,000
	 CR = 310/127 = 2.44 (down by 0.6)
	 WC = $183,000 (down by $12,000)

10.	 Increase in accounts receivable: $41,667
Decrease in inventory: 25,000
CR = 341,667/130,000 = 2.62 (up by 0.12)
WC = $211,667 (up by $16,667)

The working capitals are as follows: (1) unchanged, (2) unchanged, 
(3) unchanged, (4) $185,000, (5) $205,000, (6) $185,000, (7) $190,000, 
(8) $188,000, (9) $183,000, and (10) $211,667.
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3.4.2  RATIO ANALYSIS

Ratios are useful tools of financial analysis.17 Sometimes ratios of signif-
icant financial data are more meaningful than the raw data themselves. 
They also provide an instant picture of the financial condition, operation, 
and profitability of a company, provided that the trends and deviations 
reflected by the ratios are interpreted properly.

Ratio analyses are subject to two constraints: past performance and 
various accounting methods. Past performance is not a sure basis for 
projecting the company’s condition into the future. Various accounting 
methods employed by different companies may result in different financial 
figures (e.g., inventory accounting, depreciation, etc.), rendering a compar-
ison being not always meaningful between companies in the same industry.

Typically, accountants try to reconcile financial statements before 
conducting comparative analyses. Examples of adjustments that are fre-
quently made include:

1.	 Adjusting LIFO inventories to a FIFO basis (Appendix 2.10.4).
2.	 Changing the write-off periods of intangible assets, such as good-

will, patents, trademarks, and so on (Appendix 2.10.3).
3.	 Adding potential contingency liabilities if lawsuits are pending 

(Section 2.6.5[B]).
4.	 Reevaluating assets to reflect current market values (Section 

3.3.5[A]).
5.	 Changing debt obligations to reflect current market interest rates.
6.	 Restating reserves or charges for bad debts, warranties, and product 

returns.
7.	 Reclassifying operating leases as capital leases.

When performing ratio analyses, it is advisable to follow this set of gener-
ally recommended guidelines:

1.	 Focus on a limited number of significant ratios.
2.	 Collect data over a number of past periods to identify the prevalent 

trends.
3.	 Present results in graphic or tabular form according to standards 

(e.g.,industrial averages).
4.	 Concentrate on all major variations from the standards.
5.	 Investigate the causes of these variations by cross-checking with 

other ratios and raw financial data.
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In financial literature, many of the ratios defined above are being system-
atically collected and published for U.S. companies in various industries. 
Sources of information on ratios and other financial measures are typically 
reported regularly and made available for use by the public, including the 
following:

•	 Value Line® Investment Survey
•	 Standard & Poor’s Industrial Surveys
•	 Moody’s Investors Services

Another such source is the Ohio University library, which has links to 
Factiva, One Source, and others: http://www.library.ohiou.edu/subjects/
businessblog/financial-ratios/. Other commercial sources are accessible 
through the Internet. For the 500 stocks comprising Standard & Poor’s 
index, five specific ratios—the current ratio, long-term debt to capital, net 
income to sales, ROA, and ROE—are published in a widely available spe-
cial guide for 10-year, consecutive periods.18

Example 3.6

For the years 2011 to 2012, the financial statements of XYZ Company are 
given in Tables 3.9 and 3.10. Define the performance ratios and compare 
them with industrial standards.

Answer 3.6

The 2011 performance ratios of XYZ Corporation are displayed here:

1.	 Liquidity
(a)	 Current ratio = CA/CL = 3.1

From the creditor’s standpoint, this ratio should be as high as 
possible. On the other hand, prudent management will want 
to avoid the excessive buildup of idling cash or inventories 
(or both).

(b)	 Quick ratio = quick asset/CL = 0.931
A result far below 1:1 can be a warning sign.

(c)	 Interest coverage ratio = 7.833
The EBIT of the firm could pay 7.833 times the interest and other 
costs associated with the long-term debts. This ratio is good.
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2.	 Debt versus equity
(d)	 Long-term debt to capitalization ratio = 4.44 percent.

This debt level is prudent for firms in this industry.
(e)	 Total debt to owners’ equity = 22.4 percent

Total debt = CL + long-term debt
OE = common stock + capital surplus + accumulated retained 
earnings

(f)	 Total debt to total asset ratio = 18.3 percent
3.	 Activity

(g)	 Sales to asset ratio = 0.86
(h)	 Ending inventory to sales ratio = 28.6 percent
(i)	 CGS/average inventory = 2.65 times

Table 3.9.  XYZ balance sheet 

Entries
2012 (thousands 

of dollars)
2011 (thousands 

of dollars)

Assets
Cash 18,500 17,000
Marketable securities 0 5,000
Accounts receivable 39,500 28,500
Inventories 98,000 113,000
Total current assets 156,000 163,500
Plant and equipment (net) 275,000 290,000
Other assets 3,000 8,000
Total assets 434,000 461,500
Liabilities
Accounts payable 34,500 18,000

Notes payable 20,000 25,000
Accrued expenses 18,500 11,500
Total current liabilities 73,000 54,500
Mortgage payable 20,000 30,000
Equities
Common stock 200,000 200,000
Earned surplus 141,000 177,000
Total liabilities and equities 434,000 461,500
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Average inventory = the average of ending inventory of two 
consecutive years (e.g., 2001 and 2002)

4.	 Profitability
(j)	 Net income to owner’s equity ratio = 2.8 percent
(k)	 Net income to sales ratio = 2.66 percent 
(l)	 Gross margin to sales ratio = 29.1 percent 

(m)	 EBIT to total asset ratio = 5.1 percent 
(n)	 Net income to total asset ratio = 2.3 percent 
(o)	 EBIT to sales ratio = 5.9 percent 

Selected investment services companies (e.g., Value Line, Standard & 
Poors, Moody’s) track various financial measures and report them regu-
larly for use by the public. Engineering managers should develop a habit 
of reading and considering such reports.19

3.4.3  ECONOMIC VALUE ADDED

Developed by Stern Stewart & Company in 1989, economic value added 
(EVA) is an improved valuation method for asset-intensive companies or 
projects. EVA is defined as the after-tax-adjusted net operating income of 

Table 3.10.  XYZ income statement 

Entries
2012 (thousands 

of dollars)
2011 (thousands 

of dollars)

Sales 330,000 395,000
Cost of sales* 265,000 280,000

Gross profit 65,000 115,000

Selling and administrative 95,000 88,000

Other expenses 4,000 3,500

Interest 2,000 3,000

Profit before taxes –36,000 20,500

Federal income tax 0 10,000

Net income (loss)** –36,000 10,500

*Includes depreciation of $15,500 in 2011 and $15,000 in 2012.
**No dividends paid in 2012.
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a company or unit minus the total cost of capital spent during the same 
accounting period. It is also equal to the return on capital (ROC) minus 
the cost of capital, or the economic value above and beyond the cost of 
capital.20 Sometimes EVA is also called “economic profit.” In equation 
form, it is defined as:

EVA = NOPAT – WACC × (capital deployed)	 (3.2)

where
NOPAT = net operating profit after tax (net income)
Capital deployed = total assets – current liabiliites
WACC = �weighted average of cost of capital (equity and debt) 

employed in producing the earnings (Section 2.6.3).

If EVA is positive, the company or unit is said to have added positive 
shareholder value. If EVA is negative, the company or unit is said to have 
diminished shareholder value.

EVA may also be applied to a single project by calculating the after-
tax cash flows generated by the project minus the cost of capital spent for 
the project. For example, the NPV equation can be modified as follows:
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(3.3)

Here
P = investment capital (dollars) for the project
Ct = �net after-tax cash inflow (dollars) to be produced by the project 

in period (t)
P × WACC = cost of capital (dollars) spent during the period (t)
WACC = weighted average cost of capital (percent) in effect
SV = salvage value of the project at the end of N periods
N = number of period

The major advantage of EVA over ROC is that it may encourage manag-
ers to undertake desirable investments and activities that will increase the 
value of the firm. The difference between these two methods is illustrated 
by the ABC Company example shown below:

ABC company has established that its WACC is 10 percent, and 
its ROC standard for investment purposes is 14 percent. The  
management is considering a new capital investment that is expected 
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to earn a return of 12 percent. This new investment is attractive 
according to the EVA criterion, as 12 percent is larger than 10 per-
cent. However, this new investment is a poor choice if evaluated 
with the ROC criterion, because 12 percent is less than 14 percent. 
Thus, by using the ROC criterion to evaluate investments, the com-
pany may lose the opportunity to create shareholder value.

A 10-year study has shown that there is a general correlation between 
EVA and stock returns of innumerable companies. However, the cor-
relation between EVA and wealth creation (in the form of stock price 
increase) is weak. Among users of EVA, the following firms are known 
leaders in industry: AT&T, Eastman Chemical, Coca-Cola, Eli Lilly, and 
Wal-Mart.

Engineering managers should learn to apply EVA in order to 
strengthen their financial accounting skills.

Example 3.7

Define the EVA of XYZ Company (see its income statement in Table 
3.1 and its baalance sheet in Table 3.4), by assuming that the company’s 
WACC is 12.35 percent for both years. Discuss the EVA results.

Answer 3.7

For the year 2011, the NOPAT for XYZ Company is $559.60. Its invested 
capital is total assets minus current liabilities ($8,155 – $1,446.90) and 
has the value of $6,708.10. Thus, EVA = 559.60 – 0.1235 × 6,708.10 = 
–$268.85 million. For the year 2012, the NOPAT for XYZ is 410.3, and 
its invested capital is 7,530.5 (=$9,167.90 – 1,637.4). Its EVA = 410.3 – 
0.1235 × 7530.5 = –$519.72 million.

The negative values for both years were not obvious without EVA 
accounting. By performing “what-if” analyses of XYZ’s income state-
ment, company management can readily determine what it will take to 
improve its EVA values.

3.4.4  CREATION OF SHAREHOLDER VALUE

Shareholders are primarily interested in the total return to stockholders 
(TRS), which consists of the yield of dividend paid out by the company plus 
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the rate of the stock’s long-term (e.g., 10 years) appreciation potential.21 
The amount of annual dividend paid out is a function of the net income 
earned by the company in a given year. Many established companies strive 
to continously pay dividends in order to appease investors. Being able 
to pay dividend quarter after quarter regularly requires that the company 
focuses on its short-term operations.

The long-term appreciation rate of the company’s stock, on the 
other hand, depends on the company’s long-term investment strate-
gies. The stock price is an indication of the market’s assessment of 
the company’s future expected cash flows. These future expected cash 
flows are to be created by projects that add value to the company over 
a long period of time. The finance function is particularly qualified 
to offer advice in (a) increasing spending in value-creating activities 
(such as technology development, product/service design, marketing, 
advertising, etc.), (b) systematically reviewing and retaining only 
assets that maximize value creation, and (c) pursuing proper acqui-
sition and divestiture strategies in order to maximize the creation of 
this value.

Example 3.8

The Global Business Services (GBS) organization within Procter & 
Gamble (P&G) provides services in finance, accounting, employee ser-
vices, customer logistics, purchasing, and IT to other divisions of the 
company. Over the years, P&G has prided itself on its inclusive com-
pany culture and progressive employment practices (e.g., job guarantees, 
length of employment, and salary/benefit policies favorable to employ-
ees). In an attempt to maximize shareholder value, P&G management 
periodically reviews its resource deploying strategies. Since GBS is not 
one of the company’s core competencies, there has not been enough 
management attention, and consequently resources devoted to its contin-
uous improvement.22 Eventually, questions have been raised regarding 
the service quality and costs of the GBS organization to P&G. Finally, a 
management committee has recommended that P&G consider one of the 
following options:

1.	 Spin off GBS to be an independent company that continues to pro-
vide services to P&G as a subcontractor.

2.	 Outsource all services to one outside company and transfer all 
employees over.
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3.	 Outsource services to a number of separate providers in order to 
enhance quality.

4.	 Continue GBS in-house.

Which one is the right option for P&G to take in this case?

Answer 3.8

The best choice is to make use of the Kepner-Tregoe method23 by (a) first 
specifying a number of mutually exclusive and collectively exhaustive deci-
sion criteria, (b) assigning weight to each criterion to indicate its relative 
importance, (c) ranking all options against each of these criteria, and finally 
(d) computing the weighted scores, which indicate a relative ranking of the 
options under consideration. 

An answer to Example 3.8 may be obtained by selecting a set of deci-
sion criteria (five in this case) as shown in column 1 of Table 3.11. The rel-
ative importance of these criteria are specified by the choices of the weight 
factors (see column 2 of Table 3.11). All options are then evaluated against 
a specifc criterion. For criterion 1, the results of this evaluation are shown in 
row 3 of Table 3.11. The scores 10, 8, 6, and 3 are assigned to indicate that 
for criterion 1, options are respectively ranked in the order of 4, 2, 3, and 1,  
from most satisfactory to least satisfactory. This process of evaluation 
continues for the remaining criteria. Afterward, the total weighted score 

Table 3.11.  Application of the Kepner-Tregoe method

Criteria Weight
Option 

1
Option 

2
Option 

3
Option 

4

1. � Compatibility with 
P&G policy and 
tradition

8     3   8   6   10

2.  Service cost 9   10   6   8   3
3. � Service quality 10   6   8   10   3
4. � Value to affected 

P&G employees
8   8   6   3   10

5.  P&G control 8   8   6   3   10
Total weighted score 302 294 268 297
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is computed for each option. For option 1, the total weighted score is 302 
(= 3 × 8 + 10 × 9 + 6 × 10 + 8 × 8 + 8 × 8). Similarly, the total weighted 
score for the other options can be readily calculated to be 294, 268, and 
297, respectively, as shown in the last row of Table 3.11.

An examination of the total weight scores indicates that option 1 
should be the preferred choice. An important advantage of applying the 
Kepner-Tregoe method in making decisions is that both the decision 
criteria and evaluation score are transparently defined to enhance their 
understanding and acceptability by others who might be affected by the 
decision results.

Example 3.9

The 2000 to 2001 income statement and balance sheet for Buffalo Best 
are presented in Tables 3.12 and 3.13. The WACC for Buffalo Best is 10 
percent for both years.

Table 3.12.  Income statement of Buffalo Best 

Entries

Year 2012  
(thousands of  

dollars)

Year 2011  
(thousands of  

dollars)

Sales 18,000 17,000
Cost of goods sold 11,000 10,500

Gross margin 7,000 6,500

Administrative and selling expenses 3,500 3,200

R&D 500 500

Depreciation 1,000 1,000

EBIT 2,000 1,800

Interest 100 100

Taxable income 1,900 1,700

Tax (30%) 570 510

NOPAT 1,330 1,190

Dividends 330 190

Retained earnings 1,000 1,000
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Review and comment on the performance of the company based on 
the following:

A.	 Liquidity, activity, and profitability
B.	 Uses and sources of funds
C.	 Value creation based on EVA analysis

Answer 3.9

Tables 3.14 and 3.15 contain the answers to these questions.

Table 3.13.  Balance sheet of Buffalo Best 

Entries

Year 2012 
(thousands of 

dollars) 

Year 2011 
(thousands of 

dollars)

Assets
Cash and securities 5,000 6,000

Accounts receivable 15,000 10,000

Inventory 10,000 7,300

Net fixed assets (investment minus 
accumulated depreciation)

50,000 51,000

Other 1,000 1,200

Total assets 81,000 75,500

Liabilities

Accounts payable 20,000 15,000

Other short-term liabilities 26,000 24,000

Long-term liabilities 1,000 1,500

Total liabilities 47,000 40,500

Equities

Equities at par value 1,000 1,000

Capital surplus 12,000 14,000

Retained earnings 21,000 20,000

Total liabilities and owners’ equities 81,000 75,500
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Table 3.15.  Funds flow and EVA analyses

Sources of funds Dollars Percentage

Decrease in Cash & Securities $1,000,000 9.50%
Depreciation $1,000,000 9.50%

Decrease in Other Assets 200,000 1.90%

Increase in Accounts Payables 5,000,000 47.48%

Increase in other short-term liabilities 2,000,000 18.99%

Net Income 1,330,000 12.63%

Total $10,530,000 100%

Use of Funds  

Increase in Accounts Receivables 5,000,000 47.48%

Increase in Inventory 2,700,000 25.64%

Decrease in Long-term Liabilities 500,000 4.75%

Increase in Retained Earnings 1,000,000 9.50%

Paying Dividends 330,000 3.13%

Increase in Retained Earnings 1,000,000 9.50%

Total 10,530,000 100%

EVA Analysis
EVA(2001)  = –2,170,000
EVA(2000)  = –2,460,000

The sources’ total is $10.53 million. The EVA was –$2.17 million in 
2012 and –$2.46 million in 2011.

3.5  BALANCED SCORECARD

Financial ratios are developed to illustrate the companies’ financial perfor-
mance. Nonfinancial ratios are limited in number and restricted in scope, 
such as accounts receivable, collection period, inventory, utilization of 
fixed assets, and working capital.

All financial ratios are determined by using past performance data; 
they are “trailing” indicators, and as such they cannot foretell the future 
performance of a company. Because financial ratios are oriented to the 
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short term, usually from one accounting period to another, company man-
agement is inadvertently forced to overemphasize short-term financial 
results, oftentimes neglecting the strategies for pursuing the company’s 
long-term growth. The narrow focus of these financial ratios makes them 
no longer completely relevant to today’s business environment, in which 
deployment of new technologies, customer satisfaction, employee innova-
tion, and continuous betterment of business processes are key elements of 
company competitiveness in the marketplace.

These basic deficiencies in financial ratios are well recognized in 
industry. Attempts have been made in the past to modify these ratios as 
corporate measurement metrics. Kaplan and Norton24 suggest a new set 
of corporate measurement metrics, the balanced scorecard, to cover four 
areas: (a) financial—shareholder value; (b) customers—time, quality, 
performance and service, and cost; (c) internal business processes—core 
competencies and responsiveness to customer needs; and (d) innovation 
and corporate learning—value added to the customer, new products, and 
continuous refinement. The significance of the suggested balanced score-
card lies in its balanced focus on both short-term profitability as well as 
long-term corporate growth. As the saying goes: “What you measure is 
what you get.” Kaplan and Norton25 advocate the use of a total of 15 to 
20 metrics to cover these four areas to guide the company as it moves 
forward.

As an illustrative example, the balanced scorecard metrics for a typi-
cal manufacturing company may contain the following:

A.	 Financial—cash flow, quarterly sales growth and operational 
income, increased market shares, and ROE

B.	 Customer—percentage of sales from new products, percentage 
of sales from proprietary products, on-time delivery as defined by  
customers, share of key account’s purchase, ranking by key 
accounts, and number of collaborative engineering efforts with 
customers

C.	 Internal business process—manufacturing capabilities versus 
competition, manufacturing excellence (cycle time, unit cost, and 
yield), design engineering efficiency, and new product introduction 
schedule versus plan

D.	 Innovation and learning—time to develop next-generation tech-
nology, speed to learn new manufacturing processes, percentage of 
products that equal 80 percent of sales, and new product introduc-
tion versus competition.
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In general, balanced scorecard metrics for a given company must be 
built up according to its corporate strategy and vision, using a top-down 
approach. Doing so will ensure that performance metrics at lower man-
agement levels are properly aligned with the overall corporate goals. A 
unique strength of balanced scorecard metrics is that they link the compa-
ny’s long-term strategy with its short-term actions. These metrics contain 
forward-looking elements at the same time that they balance the internal 
and external measures. The creation of such metrics provides clarification, 
consensus, and focus on the desired corporate outcome.

According to Kaplan and Norton,26 United Parcel Service has 
achieved an increase of 30 to 40 percent in profitability with balanced 
scorecard metrics. Mobil Oil’s North American Marketing and Refining 
Division raised its standing from last to first in its industry after having 
implemented a balanced scorecard. Catucci27 recommends that managers, 
when implementing a balanced scorecard, take personal ownership, nur-
ture a core group of champions, educate team members, keep the program 
simple, be ruthless about implementation, integrate the scorecard into their 
own leadership systems, orchestrate the dynamics of scorecard meetings, 
communicate the scorecard widely, resist the urge for perfection, and look 
beyond the numbers to achieve cultural transformation of the company.

A widespread use of broad-based metrics, such as those suggested by 
the balanced scorecard, is likely to shift the attention of corporate manage-
ment from a focus primarily on short-term financial performance to other 
areas of equal importance, such as customers, internal business processes, 
and innovation and learning. Contributions by engineering managers and 
professionals made in these nonfinancial areas will likely become readily 
and more favorably recognized in the future.

3.6 CA PITAL ASSETS VALUATION

Financial management deals with three general types of capital assets val-
uation problems: (a) assets in place (operations), (b) opportunities (R&D 
and marketing), and (c) acquisitions or joint ventures.

Capital budgeting problems related to assets in place are those that 
deliver a predictable string of cash flows in the immediate future. Exam-
ples include building a new plant facility, developing new products, and 
entering a new regional market. Sometimes these problems are grouped 
under the heading of operations, as investment in operations usually leads 
to immediate cash flows. Problems related to opportunities arise from 
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decisions that do not generate an immediate flow of cash, but preserve 
a likelihood that future gains may be realized. Examples include R&D 
and marketing efforts. The third type of problems is related to acquisition, 
joint venture, formation of supply chains, and others, all of which may 
require the company to participate in equity investment and to share future 
equity cash flows with its business partners.

Generally speaking, each of these types of valuation problem is best 
handled by different valuation methods. Luehrman28 suggests a list of rec-
ommended methods, as shown in Table 3.16.

3.6.1  OPERATIONS—ASSETS IN PLACE

There are several evaluation methods currently in use to assess capital 
projects in the investment category of operations.

A.  Discount Cash Flow (Based on WACC)

Since 1980 or so, most companies have been using the DCF method to 
determine the NPV of an operation with assets in place and WACC to 
specify the discount factor: WACC stands for weighted average cost of 
capital, which represents average cost of money raised by the company 

Table 3.16.  Recommended capital asset valuation methods

Valuation problems Recommended methods Alternative methods

1. � Assets in place 
(operations)

Adjusted present value 
(APV)

Multiples of sales, 
cash flows, EBIT, 
or book value; DCF 
(based on WACC), 
Monte Carlo simu-
lations

2. � Opportunities 
(R&D, marketing)

Simple option theory Decision tree, com-
plex option pricing, 
simulations

3.  Equity claims Equity cash flow Multiples of net 
income; P/E ratios; 
DCF (based on 
WACC minus debt), 
simulations
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through equity (selling stocks) or debts (borrowing from creditors such 
as banks and bond holders). Dependent on the specific way the company 
elects to acquire capital, this number (say 15 percent) is defined annually 
by the company’s finance department.

( ) ( )1

SVNPV
1 WACC 1 WACC

N
t

t N
t

CP
=

= − + +
+ +

∑ 	 (3.4)

Here
NPV = net present value (dollars)
P = initial capital investment (dollars)
Ct = cash flows = future net benefits (dollars)
SV = salvage value = capital recovery (dollars)
N = total number of periods (year)
WACC = weighted average cost of capital (percent) 

The NPV is equal to the present value of all future net benefits (e.g., 
income minus relevant costs), plus discounted capital recovery, if any, and 
minus the initial investment capital. It represents the net financial value 
added to a firm by a given capital investment project. Projects with large 
positive NPV values are favored. This method is sometimes called the 
DCF (based on WACC) analysis, as it is based on the use of the weighted 
cost of capital as the all-important discount factor.

Companies accept capital projects if the NPV is greater than zero, 
meaning that an initiation of such projects will lead to net positive value 
being added to the companies.

B.  Internal Rate of Return

A popular variation to DCF (based on WACC) is the internal rate of 
return (IRR). When applying Equation 3.4 to evaluate projects, IRR is the  
discount rate that is realizable when the present values of all DCFs balance 
the initial investment (by setting NPV equal to zero). IRR represents the 
reinvestment rate, which is held constant over the duration of a project. 
For example, assuming no salvage value, the IRR of a $10,000 investment 
that yields a revenue of $5,000 per year for three years is 23.35 percent. 
Even though the concept is logical and its computation remains straight-
forward, IRR does not always indicate the true annual ROI.29 This is espe-
cially the case when the interim cash flows produced by the invetmant at 
hand can only be reinvested at a rate lower than IRR. For most projects, 
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these interim cash flows may be realistically reinvested at WACC, the 
company’s weighted averaged cost of capital. If WACC is lower than IRR, 
then the computed IRR overestimates the true ROI. Thus, the use of IRR 
could lead to wrong investment decisions and budget distortions, if the 
reinvestment rate of the interim cash flow is lower than the computed IRR.

In general, companies specify a hurdle rate that must be met or 
exceeded by the IRRs of all acceptable capital projects. By adjusting the 
hurdle rate according to conditions related to market, economy, and envi-
ronment for a specific period involved, companies exercise control over 
the capital investment standards. The hurdle rate is typically three to four 
times of WACC in value.

C.  Multipliers

Another method to estimate the proper capital investment in a project is 
to use numerical multipliers that are based on historical data. Specifically, 
average multipliers are defined for use in conjunction with commonly 
available financial data such as sales, book value, EBIT, and cash flow.

In general, the financial data of many publicly held U.S. companies in 
various industries are widely available in the literature, including publica-
tions such as Standard & Poor’s industry surveys, and Value Line Indus-
trial surveys. Sales figures of numerous companies are readily obtained, 
and their relationship with company assets is typically recorded as the 
asset turn ratios (see Section 3.4.1). The reciprocal of this ratio is a mul-
tiplier that, when used together with the known sales figure, provides a 
rough estimate of the company’s asset value.

For the XYZ Company described in Tables 3.1 and 3.4, the sales to 
total asset ratio for the year 2011 is 1.0276 (=8,380.30/8,1555.0). The 
reciprocal of this number is 0.9731, which is the sales multiplier to deter-
mine assets. If a sufficient number of other companies in the same industry 
are surveyed, the resulting average industry-based multiplier can be used 
to generate a preliminary estimate of the assets employed to produce a 
known sales revenue.

To determine the capital investment value of a plant expansion, new 
product development, and other products, the company’s existing total 
sales to total asset ratio may serve as a good yardstick to ascertain a rea-
sonable capital investment level, but only if the project outcome in terms 
of future sales can be estimated.

How much debt should the company incur to finance a specific proj-
ect? The debt to asset ratio is linked to the debt to equity ratio (see Sec-
tion 3.4.1). For the XYZ Company described in Tables 3.1 and 3.4, the 
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debt to asset ratio for 2011 is 0.405 (=3,304.80/8,155.00). Again, if an 
industrial average is found for this multiplier, it can serve as a useful tool 
to estimate a reasonable debt level for a project on the basis of its known 
asset value.

Similarly, industrial average multipliers may be found for cash flow. 
Cash flow for a given accounting period is defined as

Cash = NI + Dep	 (3.5)

where NI is net income and Dep is depreciation charge invoked in a given 
accounting period; both are entries in a typical income statement.

Note that financial charges (e.g., interest payment) are usually ignored 
in the cash flow computation. Depreciation, a noncash expense, is added 
back. The following numerical example offers additional clarification; see 
Table 3.17.

  NI = 200,000 – 80,000 – 40,000 – 10,000 – 5,000 – 12,000 = 53,000
 Dep = 20,000
Cash = NI + Dep = 53,000 + 20,000 = 73,000

For the XYZ Company in 2011, the cash flow is $856.8 million (=559.6 
+ 207.2), calculated from data contained in Table 3.1. Yet another multi-
plier is related to EBIT. This multiplier is estimated to be 8.996, being the 
reciprocal of the company’s EBIT to asset ratio of 0.111 (=906.5/8,155.0) 
as evident in Tables 3.1 and 3.4.

Table 3.17.  Sample data set

Sales $200,000 
Manufacturing costs (including a depreciation of $20,000) 80,000

Sales and administrative expenses 40,000

Equipment service charges 10,000

Decrease in contribution of existing product 5,000

Increase in accounts receivable 15,000

Increase in inventory 20,000

Increase in current liability 30,000

Income tax 12,000

Interest paid for bonds used to finance projects 18,000
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The use of some of these multipliers in combination is likely to gen-
erate figures that can serve as acceptable ballpark estimates of the required 
investment for a new project.

D.  Monte Carlo Simulations

Monte Carlo simulations refer to a sampling technique that processes 
input data presented in the form of distribution functions. All input vari-
ables are simultaneously varied within each of their respective ranges, as 
defined by their distribution functions. The mathematical operations (e.g., 
addition, subtraction, multiplication, and division) of a given cost model 
are first defined in spreadsheet programs30 (e.g., Excel). Upon activating a 
suitable risk-analysis software program, Monte Carlo simulations produce 
one or more outputs that are also in the form of distribution functions31 
(see Section 2.6.3).

In evaluating operations, Monte Carlo simulations may be usefully 
applied to the DCF (based on WACC) method. All future net cash flows 
and discount rates are modeled by distribution functions (e.g., triangular 
or Gaussion), as they are indeed expected to vary within ranges. The DCF 
(based on WACC) equation is readily set up in a spreadsheet program. As 
the sole output, the NPV will also vary within a lower and upper bound. 
The following results will be helpful to decision makers of capital bud-
geting:

1.	 The maximum probability at which the NPV is projected to be neg-
ative

2.	 The probability at which the NPV is projected to exceed a given 
value (e.g., $10 million)

3.	 The standard deviation of the NPV output
4.	 The minimum NPV
5.	 The maximum NPV

Monte Carlo simulations are also applicable to the calculation of IRR for 
the evaluation of operations.

3.6.2  OPPORTUNITIES—REAL OPTIONS

The second category of valuation problems is related to opportunities 
such as R&D and marketing projects. These problems do not lend them-
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selves to DCF analyses, which require the estimates of projected future 
cash flows. If there is no cash flow, there can be no net positive present 
value. Financial analysts and researchers in the literature recommend 
that the European simple call option method be used to price these 
opportunities.

Option is a common tool frequently used for trading securities in the 
financial markets. There are call and put options. A call option provides its 
holder with the right, but not the obligation, to buy 100 shares of an under-
lying company (e.g., Apple or IBM) by a certain expiration date (typically 
three months from the present) at a specific price (strike or exercise price). 
The holder pays a fee, or premium, to buy the call option, which he or 
she may exercise on any business day up to and including the contract 
expiration date.

A put option gives its holder the right, but again not the obligation, to 
sell 100 shares of a given stock within a period of time at a predetermined 
strike price. Investors who predict that the stock price of a given company 
is going to decline in the future will want to sell the stocks today and buy 
a call option to recover the stocks at a lower price in the future. The pre-
mium for an option is dependent on five factors: (a) current stock price,  
(b) strike price, (c) length of option contract, (d) stock price volatility, and 
(e) current opportunity cost (e.g., bank interest).

For the purpose of evaluating capital project opportunities, the Euro-
pean simple call option is more appropriate in that the call option can 
be exercised only on the expiration date specified in the contract and no 
sooner. Table 3.18 shows the equivalence between financial calls and real 
calls.

Companies with new technologies, product development ideas, 
defensive positions in fast growing markets, and access to new markets 
have valuable opportunities to explore. When dealing with opportunities, 

Table 3.18.  Equivalence of call options

Financial calls Real calls

Current stock price Underlying asset value

Length of contract Length of time to invest

Volatility Volatility of future project value

Strike price Capital investment for the project

Current bank interest Cost of equity capital 
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three possible scenarios exist: (a) to invest immediately, (b) to reject the 
opportunity right away, and (c) to preserve the option of investing in the 
opportunity at a later time.32

This problem may be studied by using the Black-Scholes option-pric-
ing model (BSOPM).33 The BSOPM is defined as

( ) ( )e rTC V N d N d Ts−   = − × −    	 (3.6)

2
ln

2
V T r
X

d
T

s

s

   + +       = 	 (3.7)

where
C = option price
V = current value of the underlying asset
X = the exercise price of the option
σ = �annual standard deviation of the returns on the underlying asset
r = the annual risk-free rate
N(d) = �cumulative standard normal distribution function evaluated 

at d
ln(x) = natural log function of x
T = time to expiration of the option (years)

Table 3.19 exhibits the representative data of the N(d) function.

Example 3.10

If $1 million is invested immediately, there will be a loss of $100,000 due 
to the current economic condition and marketing environment. However, 
if the company waits for two years, things may be different. What should 
the company do, assuming that the current risk-free rate is 7 percent and 
the project volatility is 0.3?

Answer 3.10

The problem may be studied by using BSOPM. Let us define the follow-
ing equivalents:
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Table 3.19.  Values of cumulative normal distribution function

d N(d) d N(d) d N(d)

–3.00 0.0013 –1.00 0.1587 1.00 0.8413
–2.90 0.0019 –0.90 0.1841 1.10 0.8643

–2.80 0.0026 –0.80 0.2119 1.20 0.8849

–2.70 0.0035 –0.70 0.242 1.30 0.9032

–2.60 0.0047 –0.60 0.2743 1.40 0.9192

–2.50 0.0062 –0.50 0.3085 1.50 0.9332

–2.40 0.0082 –0.40 0.3446 1.60 0.9452

–2.30 0.0107 –0.30 0.3821 1.70 0.9554

–2.20 0.0139 –0.20 0.4207 1.80 0.9641

–2.10 0.0179 –0.10 0.4602 1.90 0.9726

–2.00 0.0228 0.00 0.5 2.00 0.9772

–1.90 0.0287 0.10 0.5398 2.10 0.9821

–1.80 0.0359 0.20 0.5793 2.20 0.9861

–1.70 0.0446 0.30 0.6179 2.30 0.9893

–1.60 0.0548 0.40 0.6554 2.40 0.9918

–1.50 0.0668 0.50 0.6915 2.50 0.9938

–1.40 0.0808 0.60 0.7257 2.60 0.9953

–1.30 0.0968 0.70 0.758 2.70 0.9965

–1.20 0.1151 0.80 0.7881 2.80 0.9974
–1.10 0.1357 0.90 0.8159 2.90 0.9981

Given are the following data:

σ = 0.30
 r = 0.07

      X = $1,000,000
        V = $900,000

                          T = 2
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From Equation (3.7),

( )
2

1

0.3ln 900,000 /1,000,000 2 0.07
2

 0.2938
0.3 2

d

   + +      = =

d2 = 0.2938 – 0.3 × 1.41456 = –0.1306

From Table 3.19, we get by interpolation:

N(0.2938) = 0.6155
N(–0.1356) = 0.4462

From Equation 3.6, the option price becomes

C = 900,000 × 0.6155 – exp(–0.07 × 2) × 1,000,000 × 0.4462
= $166,042

Now the company has the alternative of investing $166,042 to preserve 
investment opportunities for two years, in addition to deciding for or 
against it right away. If this option is preserved, additional information 
that will cause a change in the underlying asset value may become avail-
able during the ensuing two years. The company may still decide not 
to invest in two years, but preserving the option to invest is a valuable 
alternative.

3.6.3  ACQUISITION AND JOINT VENTURES

Companies do constantly assess the needs of applying new technologies to 
enhance the competitiveness of their products/servcies. Instead of relying 
on their in-house efforts, acquisition of other companies having unique 
technical strength is a frequently exercised option.

When considering specific companies as candidates for possible 
acquisition, the evaluation of the assets of the target companies becomes 
critically important. A number of methods are practiced to assess the value 
of a target company.34

The value of a company is defined by its equity and debt, that is,

V = E + D	 (3.8)
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where
V = firm’s value in the market
E = equity (stocks)
D = debt outstanding (i.e., bonds, loans, etc.)

The company management continues to maximize the target firm’s value 
for its shareholders. Two factors may affect this value maximization 
attempt: (a) takeover bids (when acquiring firm is enticed to pay a higher 
than normal premium to absorb the acquisition candidates) tend to raise 
the stock price; and (2) stock options (rights to buy stock at a fixed price 
awarded to company’s management personnel and new hires) tend to 
dilute the shareholder value.

Example 3.11 illustrates one possible ways of evaluating the net value 
of a target company, when defining the bid price for such an acquisition.

Example 3.11

XYZ Company is considering the acquisition of Target Company, a 
smaller competitor in the same industry. The income statement of Target 
Company is displayed in Table 3.20. As a stand-alone company, its sales, 
CGS, depreciation, selling, and administrative expenses are all projected 
to increase by 4 percent per year.

To maintain the projected sales growth of Target Company, XYZ 
Company must make additional working capital investments (see Table 
3.20).

A.	Assuming a 10 percent discount rate, what is the maximum price 
XYZ Company should be willing to pay for this acquisition if it is to 
be run as a stand-alone subsidiary of XYZ Company?

B.	 XYZ Company could also integrate Target Company into its existing 
corporate IT operations. Web-based customer services, inventory 
management, order processing, and other activities can be readily 
added to cut down the required working capital by 50 percent from 
its stand-alone values. There is, however, an increased IT service 
charge of $1 million for the first year, and this charge increases by 4 
percent per year. Again, assuming a 10 percent discount rate, what is 
the maximum price XYZ should pay for Target Company under the 
integration scenario?
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Answer 3.11

For estimating the present values of cash flows for the period 2004 to 
infinity, the computations illustrated in Table 3.21 are needed. In Table 
3.21, the letter A denotes a constant but unknown cash flow defined at the 
beginning of year 2012. The applicable derivation is shown below.

The present value of cash flow (at the beginning of year 2008) in 
Table 3.21 consists of the following parts:

1.	 7,965/1.1
2.	 8,284/1.1^2
3.	 8,615/1.1^3
4.	 8,960/1.1^4
5.	 9,318/1.1^5
6.	 The present value of the cash flow amounts of 2013 to infinity (see 

equation in Table 3.21):

A = 9,318
Formula = A [(1 – r)/r)]/1.10^5

Present value = 9318 × 17.33333/1.10^5 = 100,286.05

The sum of the above six items is 32465.31 + 100,285.05 = 132,750.45. 
This is what is correctly shown in Table 3.22.

Note: The closed-form equation (1 – r)/r may be derived as follows:

C = (1 – r) + (1 – r)^2 + (1 – r)^3 + (1 – r)^4 + . . . + (1 – r)^n
C (1 – r) = �(1 – r)^2 + (1 – r)^3 + (1 – r)^4 + . . . + (1 – r)^n  

+ (1 – r)^(n + 1)
C – C(1 – r) = (1 – r) – (1 – r)^(n + 1)

C = (1 – r)/r as n approaches infinity.
The same factor (1 – r)/r is applicable for the estimation of the present 

values of working capital for the period of 2013 to infinity. The spread-
sheet represented by Table 3.22 enumerates the results.

The NPV of the Target Company, as a stand-alone operation, is neg-
ative, not justifying its potential acquisition by XYZ Company. On the 
other hand, if XYZ integrates the Target Company into its IT operations, 
then the value of this Target Company is significantly improved, as dis-
played in Table 3.23.

Under the integration scenario, the Target Company is worth about 
$116 million. Any bid price paid below this figure will represent a net gain 
for XYZ Company.
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3.7 C ONCLUSIONS

This chapter introduces the basic accrual principle of financial accounting, 
discusses the workings of income statements, balance sheets, and funds 
flow statements, with explanations of all applicable accounting terms. 
Also pointed out are the ways in which contributions by engineering man-
agers and professionals are recorded in these financial statements.

Ratio analysis uses the financial data contained in these statements 
to assess companies’ financial health. EVA is described as an upgraded 
method of reporting the true financial value created by a company, unit, 
or a specific project.

The shortcomings of ratio analysis are outlined and a broad-based 
system of measurement metrics (the balanced scorecard) is illustrated. An 
adoption of this broad-based metrics system by corporate America will 
likely shift corporate management’s attention from being predominantly 
focused on short-term financial results to a balanced emphasis on corpo-
rate long-term growth. This is possible with the use of metrics that address 
important competitive factors such as customer satisfaction, continuous 
improvement of internal business processes, and innovation for growth. 
As such broad-based measurement metrics become widespread, the criti-
cal contributions made by engineering managers and prodfessionals will 
be increasingly recognized and rewarded.

There are different types of capital projects in which a company might 
invest: operations (assets in place), opportunities (R&D and marketing), 
acquisitions, and joint ventures.

Different evaluation methods are used for these capital projects. For 
example, DCF (based on WACC), IRR, multipliers, and Monte Carlo sim-
ulations are useful for evaluating operations. Option pricing is suitable for 
evaluating opportunities for which there are no predictable cash flows. 
Acquisitions and joint ventures are advanced financial topics, the evalu-
ation of which should be deferred to knowledgeable financial specialists 
on the subject.

Also briefly presented in Appendices is the practice of T-Accounts, 
which are used to document financial transactions. The concept of risks 
is also explained.

Arthur Ashe said: “One important key to success is self-confidence. 
An important key to self-confidence is preparation.” Engineering man-
agers and professionals are advised to become well prepared to actively 
participate in the company’s evaluation criteria adopted for capital budget-
ing. Doing so will enable them to constantly bring forth and screen useful 
projects and valuable opportunities (including risk assessment) and to be 
in a position to initiate winning capital project proposals on a timely basis.
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3.8 A PPENDICES

3.8.1  T-ACCOUNTS

Accountants use T-accounts as tools to document transactions in prepara-
tion for creating financial statements. T-accounts are set up for any items 
that are assets, liabilities, equities, or other temporary holding entries. A 
T-account, as displayed in Figure 3.1, looks like the letter “T.” On the 
left side of the “T,” debits are recorded and on the right side credits are 
recorded. This type of entry is also known as double-entry book keeping.
Figrue 3.2 shows some additional details of such T-accounts.

Following the double-entry bookkeeping practice, every transaction 
affects at least two accounts. This is to ensure that a balance is continuously 
maintained between both the assets of, and the claims against, the company.

The company’s assets include cash, accounts receivable, inventory, 
land, machines, plant facilities, marketable securities, and other resources 
of value. Liabilities include accounts payable, accrued expenses, long-
term debts, and other claims creditors have against the company. Own-
ers’ equities include stocks, capital surplus, retained earnings, and other 

STORES WIP FG

(1) (2) (3) (4) (6)(5)

Debit

Explanations:
(1) Purchasing raw materials
(2) Putting materials into production process
(3) Production is initiated, adding value to raw materials.
(4) Production is complete
(5) Receiving of finished goods in storage
(6) Finished goods are shipped for sale

Debit DebitCredit Credit Credit

Figure 3.2.  T-Accounts with additional details.

Name of account

Debit Credit

Figure 3.1.  T-account.
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claims of the owners against the company. Equation 3.9 depicts the bal-
ance between assets (A) and claims consisting of liabilities (L) and OE:

A = L + OE	 (3.9)

The convention of T-accounts is as follows: To increase the amount of an 
asset, debit the account; conversely, to decrease an asset amount, credit the 
account. All liabilities and OE accounts are treated in the opposite way; 
that is, to increase a liability or equity amount, credit the account; and to 
lessen a liability or equity amount, debit the account.

For accounts that do not fall directly into one of these three categories 
(i.e., A = assets, L = liabilities, and OE = Owners’ equities), we need to 
first define their relationships to either A, L, or OE and then treat them 
accordingly. Revenues, expenses, and dividends are such examples.

Revenues raise the net income of the company. The resulting net 
income goes into the retained earning account for the owners. Thus, an 
increase of revenues needs to be credited to its T-account. The company’s 
expenses are generally deducted from its revenues in order to arrive at its 
net income. An increase in expenses results in a reduction of net income 
and consequently a reduction of OE. Therefore, an increase of expenses 
needs to be debited to its T-Account. Similarly, an increase in dividends 
paid to shareholders whittles down the residual net income amount, which 
is then added to the retained earnings account of the owners. Thus, an 
increase of dividends needs to be debited to its T-Account. Table 3.24 
summarizes the ways in which increases in the indicated assets, liabilities, 
OE, or other amounts should be treated in their respective T-accounts.

For engineers and engineering managers who are familiar with equa-
tions, the rule that follows may represent a convenient way of keeping 
them better oriented with the T-account convention. Rearranging the basic 
accounting equation (Equation 3.9), we get

LHS = A – L – OE = 0	 (3.10)

where LHS stands for “left-hand side” of the equal sign. Note that, for each 
financial transaction, there are two account entries. The account entry that 
causes the LHS to increase temporarily should be debited to its respective 
T-account. Examples include increases in all assets and decreases in all 
liabilities and OE. The account entry, which leads to a temporary reduction 
of the LHS, should be credited to its respective T-account. Equation 3.10 
remains valid after both entries of the financial transaction are entered.
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Accountants use T-accounts to collect raw financial data that they 
check and recheck for validity and reliability. Then they make sure that 
the data are relevant to the accounting period at hand and consistent with 
past practices. Finally, to ensure comparability, accountants regroup them 
into known line items typically included in financial statements.

Example 3.12

Study the following accounts, which contain several transactions keyed 
together with letters in Table 3.25. Explain the nature of each transaction 
with the dollar amount involved.

Answer 3.12

(a)	Convert capital of $9,000, add $6,000 to the cash account, and pur-
chase books worth $3,000 for the Law Library.

(b)	Pay the prepaid rent of $2,500 in cash.

Table 3.24.  T-Account convention for an increase in selected account 
items

Accounting items Debit Credit

Assets x
Cash, accounts receivables, inventory, land, 
machines, marketable securities, etc.

Liabilities x
Accounts payables, accrued expenses, long-term 
debts, etc.

Owners’ equities x
Stocks, capital surplus, retained earnings
Revenue x
Expenses x
Dividend x

Source: David F. Hawkins and Jacob Cohen, “The Mechanics of Finan-
cial Accounting.” Harvard Business School Note, No. 9-101-119, June 
27, 2001.
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(c)	Pay office supplies of $150 in cash.
(d)	Purchase office equipment ($8,500) and office supplies ($125) by 

credit, creating an account payable of $8,625.
(e)	Receive the $1,300 legal fees earned in cash.
(f)	 Pay accounts payable of $3,500 in cash.
(g)	Pay utilities expenses of $160 in cash.

3.8.2  RISKS

In general, the outcome (i.e., earnings) of any investment has a degree of 
inherent uncertainty: large in some and small in others. Investment risk is 
defined as the measure of potential variability of earning from its expected 
value. It is usually modeled mathematically by the standard deviation of 
the outcome when the outcome is expressed in the form of a probability 
density distribution function. For common stocks, risk is modeled by a 
relative volatility index, Beta, as defined in Figure 3.3.

The rate of return on risky security can be modeled as the risk-free 
rate plus a risk premium:

r = Rf + Rp	 (3.11)

Table 3.25.  Various T-accounts

Cash Office Equipment Capital

(a) 6,000  
(e) 1300 

(b) 2,500
(c)    150
(f)  3,500
(g)    160

(d) 8,500 (a) 9,000

Office Supply Law Library Legal Fees Earned

(c)150
(d)125

(a) 3,000 (e) 1,300

Prepaid Rent Account Payable Utility Expenses

(b) 2,500 (f) 3,500 (d) 8.625 (g) 160
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The risk-free rate (e.g., Rf equals some constant rate such as 4.0 percent for 
10-year U.S. Treasury bills) is the return for compensation of opportunity 
cost without uncertainties—assuming that the U.S. government will never 
defaut in discharging its debt-paying responsibility. The risk premium is 
the additional return needed to compensate for the added risks the inves-
tors undertake.

Figure 3.3 displays the general risk–reward correlation between 
expected annual return and the associated risk of the investment in ques-
tion. An investor may realize only 4 percent from the risk-free U.S. Trea-
sury bills, but a whopping 25 percent from highly precarious junk bonds.

The market portifolio is defined by the 500 stocks in the Standard & 
Poor’s index, and it is assumed to model the average behavior of the stock 
market. For this market portifolio, the risk factor beta (or volatility) is define 
as “1.” Investments that has higher risks will thus have a beta value larger 
than 1, and those with less risk are expected to have a beta value less than 1. 
Investments having high beta values are expected to receive higher returns.

Expected value is the return of an outcome multiplied by its probabil-
ity of occurrence. For a portfolio containing N independent investments, 
the total expected return is the sum of the products of individual returns 
and its respective probabilities of occurrence. The total expected return is 
the average return weighted by probability factors:

EV = [∑Pi × Ri; i = 1 to N]	 (3.12)
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Table 3.26.  Behavior of investors

State of economy
Investment A 

(dollars)
Investment B 

(dollars) Probability

Recession 90 0 0.333
normal 100 100 0.333
Boom 110 200 0.333
Expected pay-off value 100 100
Range 90–110 0–200
Amount at risk –10 –100

Note: Conservative persons would choose investment A, whereas 
risk-preferring persons would choose investment B. Risk-neutral persons 
would not have a preference.

where:
Ri = return of investment i
Pi = single – valued probability of occurrence for Ri

[∑Pi; i = 1 to N] = 1.

Risk aversion delineates the generally expected unwillingness on the part 
of investors to assume risks without realizing the commensurate benefits. 
Most investors are unwilling to assume risks unless there are incremental 
benefits (the risk premium) that compensate them for bearing the added 
risks involved. Some audacious investors are more willing than others to 
take on additional risks in order to realize the added benefits.

Table 3.26 exhibits an example in which the behavior of risk-averse 
investors can be studied. Investment A has a nominal value of $100 when 
the economy is in a normal state. This investment is projected to be valued 
at $90 if the economy goes into a recession in the near future. On the other 
hand, its value may increase to $110 if the economy booms. Investment 
B also has a nominal value of $100 when the economy is normal, but its 
value decreases to zero in a recession and increases to $200 in a booming 
economy.

If we further assume that there is an equal probability of 33.33 percent 
that the state of the future economy will be either normal, in recession, or 
in a booming state, then the expected pay-off value of these two invest-
ments is identical (e.g., $100); however, their amounts at risk are different: 
–$10 for investment A and –$100 for investment B.
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Among these two investment options, a risk-averse investor will 
choose investment A for its lower downside risk; he or she will not choose 
investment B because there is no gain in return for the added risks. A 
risk-preferring investor will choose investment B for its reward potential 
of doubling the money if the economy booms in the future.

3.8.3  RISK MANAGEMENT

Companies need to consider a variety of business risks and develop strate-
gies to timely address them.  The following five types of risk are common 
[Walker35]:

1.	 Regulatory risks: Changes in law, tariffs, taxes and other public 
policies.

2.	 Reputational risks:  Impact of brand and corporate image due to 
news, rumors and stories, as related to company’s products/services, 
labor practices, environmental impacts, or supplier relationships. 

3.	 Operational risks: Due to inadequate or failed internal processes, 
people, and systems, or from external events.

4.	 Credit risks: Probability of not being timely paid on Accounts 
Receivables.

5.	 Market risks: Changes in market conditions, such as customer’s 
needs, competition, and advancement of technologies.

Companies develop a number of best-practice strategies to mitigate risks. 
Example of such risk management strategies would include:

(a)	Collect verifiable risk information diligently, as a part of their com-
pany’s knowledge management practice.

(b)	Evaluate the propensity of risks the company is exposed to in the 
above-described categories for a reasonably long time frame of ref-
erence (e.g., 5 years).

(c)	Benchmark own risk management practices with other companies 
to remain among the leaders in the industry.

(d)	Pay special attention to operational risks, as “the devil is in the 
details.”

(e)	Make team-based decision to mitigate risks, relying primarily on 
data and on verifiable facts.

(f)	 Keep record of lessons learned for the company to become better in 
risk management over time.



CHAPTER 4

Marketing Management 

4.1  INTRODUCTION

“Business has only two basic functions—marketing and innovation,” says 
Peter Drucker. Marketing develops and supports the enterprise’s efficacy 
of competition by offering better products/services (e.g., having richer 
features, higher reliability, being more customizable, selling at lower 
costs, etc.) than its rivals. Marketing impacts the top line (i.e., sales reve-
nue) of the company.1 Innovation strengthens the enterprise’s position to 
sustain profitability by applying unique technologies and other core com-
petencies. As the markets further proliferate due to explosions of customer 
segments, service technologies, communication methods, and distribution 
channels, the marketing function is becoming increasingly complex, more 
costly, and less effective today than before.2

Product/service marketing is the general subject of a number of 
relatively new textbooks.3 Others cover certain specific topics, such as 
customer loyalty4 and relationship marketing.5 Still others address the 
marketing details in specific sectors, such as professional services,6 archi-
tectural services,7 financial services,8 legal services,9 telecommunication 
services,10 hospitality marketing,11 and health care marketing.12

The objective of this chapter is to introduce various basic market-
ing concepts related to products/services13 and to prepare engineering 
managers and professionals to interact effectively with marketing and 
sales personnel in for-profit companies. Also presented are concepts and 
applications regarding marketing management processes, identification of 
opportunities and threats facing an organization, and marketing tasks.

Engineering managers and professionals are known to be techno-
logically innovative. We all know that engineers tend to have a natural 
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proclivity for technological innovation. By mastering marketing tech-
niques as well, they can make significant contributions toward the success 
of their companies and as a result, possibly gain entry into senior leader-
ship positions.They should be prepared to continue studying additional 
current references on specific issues in marketing management.

4.2  THE FUNCTION OF MARKETING

Marketing and sales are critically important functions to profit-seeking 
companies because they strive to ensure satisfaction in the exchange of 
values between the producers and consumers of products/services, as 
exhibited in Figure 4.1.

4.2.1  SALES VERSUS MARKETING

Sales is a process by which producers attempt to motivate target custom-
ers to buy the available products/services. The mentality behind sales, as 
illustrated by Figure 4.2, is that “someone out there will need this.” At the 
time when Ford Motor Company was the dominant carmaker in Detroit, 
the well-known saying attributed to Henry Ford was, “You can have any 
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Figure 4.1.  Marketing interaction.
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color you want for your car, as long as it is black.” Sales does not take the 
customers’ concerns into account.

In contrast, companies with a marketing orientation offer something 
customers want by seeking feedback from the marketplace, adjusting the 
product/service offerings, and enhancing the value to consumers (see 
Figure 4.3).

In the pursuit of marketing strategies, companies solicit intelligence, 
financial data, and customers’ responses to constantly reassess the market. 
They evaluate such factors as changing needs, competition, cost effective-
ness, product/service substitution, and maturity of services. A long-term 
orientation ensures that benefits for both producers and customers will be 
sustainable. Sales strategies are only a part of marketing.

4.2.2  THE MARKETING PROCESS

The marketing efforts of companies are typically focused on four specific 
aspects:14 (a) customer focus: The purpose of a profit-seeking business is 
to understand customers’ needs, deliver value to them, and offer services 
to ensure that they are satisfied. In other words, the customer comes first. 
(b) competitor focus: Companies seek advantages relative to competi-
tors, monitor competitive behaviors, and respond to the strategic moves of 
competitors. (c) inter-functional coordination: Companies integrate all 
functions, share information, and organize themselves to provide added 
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value for the customers. (d) profit orientation: Companies focus on mak-
ing profits in both short term and long term.

To achieve business success, companies must search constantly for 
future markets, in addition to actively serving the markets of today. The 
primary emphasis  of marketing is to scan the relevant business environ-
ment for future opportunities (such as what bundle of products and ser-
vices to offer to whom, at what price, at what time, and in which market 
segments) and to provide insight into the needs of current customers and 
the intentions of competitors.

Presented in Figure 4.4 is the marketing process, which is iterative in 
nature. This process defines (a) opportunities (unsatisfied needs) in the mar-
ketplace; (b) the products or services with the proper features to satisfy 
these needs; and (c) the product/service pricing, distribution, and communi-
cation strategies to serve the target market segments. Market segments refer 
to specific groups of customers who share similar purchasing preferences.

For companies to succeed in the marketplace, marketing must be 
recognized as a core activity, central to the company’s strategy formu-
lation and execution. Through marketing, companies identify and satisfy 
the needs of customers and achieve long-term profitability by attracting 
and retaining these customers. Specific tasks undertaken to attain these 
objectives include (a) interacting with and understanding the market and 
its customers, (b) planning long-term marketing strategies, and (c) imple-
menting short-term tactical marketing programs.

The effectiveness of a marketing program is often measured by two 
metrics: (a) how attractive are the company’s products/services to the target 
customers and (b) how successfully can the company satisfy and retain these 
target customers. Figure 4.5 illustrates the marketing effectiveness diagram.
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Figure 4.4.  Marketing process.
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The marketing program of a company is to be regarded as a total suc-
cess if both the customer retention and attractiveness of products/services 
to customers are high. This is when high profitability can be achieved 
at a maximum growth rate. The marketing program represents  a partial 
success if the product/service attractiveness to the customer is high, but 
the customer retention is low. While lost customers are typically replaced 
by new customers, the total customer base will show little growth. Par-
tial failure of a marketing program is recognized  when product/service 
attractiveness to the customer is low, but the customer retention is high. In 
this scenario, business remains stagnant because it relies on loyal custom-
ers to repeatedly buy mature and noncompetitive products/services. The 
company’s sales may slow down or fall as few new customers are added. 
The marketing program is said to be a total failure if both product/service 
attractiveness to the customer and the customer retention level are low. 
Customers leave, and the company’s sales fall.

Marketing strategies are implemented at the corporate, business, and 
operational levels. Top management provides inputs to identify future 
opportunities, and addresses such questions as what business the company 
is in and what business the company should be in. The business managers 
then specify their ideas, bring out products or services, and strive to create 
and maintain a sustainable competitive advantage in the marketplace. At 
the operational level, managers and support personnel conduct the plan-
ning for specific marketing programs, and implement and control market-
ing efforts related to segmentation, product (service), pricing, distribution 
channels, and communications.
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4.2.3  PRODUCT AND SERVICE MARKETING

Companies offer value propositions to the marketplace in the forms of 
products or services, or both. Products represent tangible physical entities 
(e.g., automobiles, jet engines, iPhones, iPad Air, Microsoft Surface 2, 
etc.), which embody specific features and functionalities to deliver value 
to their end users. Usually, the design, production, and consumption of 
products take place at separate times and locations, even though the con-
sumer’s feedback is aggressively solicited as inputs to the design process. 
Services, on the other hand, are intangible knowledge-intensive bundles 
of value aiming at causing a transformation of the end user’s state in 
(a) knowledge (business consulting, education, information search, oper-
ations); (b) wealth (financial advisement, tax services); (c) health (phy-
sicians and hospital services, insurance, food services); (d) enjoyment 
(video rentals, entertainment services); (e) physical movement (e.g., car 
rentals, travel, relocation, transportation services); and others. In general, 
the design, production, and consumption of services occur at the same 
time and location and consumers participate actively in the whole process. 
Other companies deliver product-enhancing services to support the utili-
zation of their products (e.g., maintenance, problem-solving, and opera-
tions). In general, services differ from products in the following four ways.

A. Lifecycle

Consumers who purchase a product, gain ownership over the product, and 
use it for as long as they want during the product’s life cycle. Consumers 
who purchase a specific service will obtain only the rights to use it during 
a specific period of time (e.g., services related to financial investing, 
banking, legal advisement, medical consultation, education, and transpor-
tation). Because the life cycle of services is usually shorter than that of 
products, consumers tend to be more sensitive to the quality of services 
than to the quality of products.

B. Customer Experience

Products are tangible in that they possess measurable physical features, 
such as size, weight, and color, whereas services are considered intangi-
ble, even though both products and services produce long-lasting values 
that are useful to consumers. Customer experience derived from a product 
is typically affected by its primary value proposition (e.g., price, product 
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features, product quality, frequency of use, and support services). Cus-
tomer experience derived from a service is affected by a different set of 
value propositions (e.g., price, importance of the change of state made 
possible by the use of service, attitude of vendor’s service staff, service 
quality, physical environment in which service is delivered and consumed, 
etc.). Customer satisfaction is harder to accomplish with services, as cus-
tomers’ expectations may be subjectively divergent due to an increased 
level of person-to-person interactions in the delivery and consumption 
phases of services.

C. Time and Place of Production and Consumption

Products are usually produced at a factory location, then transported to 
another warehouse location, and further displayed at a retail store location, 
to be purchased and used by customers at yet another entirely different 
time and location. Services, on the other hand, are typically produced and 
consumed at the same time and at the same place (e.g., financial advise-
ment, seeing a show, and visiting a physician). Thus, services cannot be 
separated from the service providers. Products may be stored, whereas 
services may not. Services last for a specific time and must be consumed 
at the same time as it is produced. Again because of this time constraint 
consumers demand more.

D. Variability in Products/Service Quality

The quality of products is usually quite uniform, if advanced quality con-
trol means are properly applied during the manufacturing process. The 
quality of service depends, to a large extent, on the interpersonal skills, 
attitude, service knowledge, and the support process in place to resolve 
customers’ problems. It is very difficult for service providers to make all 
customer service experiences identical.

Because of these differences, the marketing of services needs to be 
more attentive to factors such as physical evidence, process, and people, 
as compared to the marketing of products.

4.2.4  KEY ELEMENTS IN MARKETING

Workers who plan and implement marketing programs are called mar-
keters. Marketers consider various influence factors and make diverse  
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decisions to penetrate a specific marketplace.15 They pay attention to sev-
eral key elements of marketing, such as the market itself, the environment, 
the customer, the product (service), pricing, promotion, and distribution.

The market is made of buyers who are expected to purchase certain 
products/services, and also buy substitutes that offer similar values. Of 
great importance to the marketers is the size of the market, measured in 
millions of dollars per year; its growth rate; its location characteristics; 
and its requirements. The market must be large, stable enough with a rea-
sonable growth rate, and relatively easy to reach and serve in order for it 
to be an attractive  target for the marketers. One would have to be under 
a rock to not know that the market is global. Nowadays, having  a global 
orientation is no longer opulence, but a necessity for economic survival 
in any industry.

The environment refers to competitors, barriers to entry, rules and 
regulations, resources, and other such factors affecting the marketers’ 
success in a given market segment. Marketers must also understand the 
opportunities and threats present in the environment. They cannot be 
oblivious to the changing in customer perspectives of products/services in 
the marketplace. As the boundaries among countries, industries, and mar-
ket segments cumber, every enterprise is facing a plethora of competition.

The customers consist of all potential buyers of a given product/
service. Companies need to understand (a) why they buy, (b) how they 
buy, (c) who makes the decision to buy, (d) who will use the product/
service in question, (e) in what specific way the use of the product/service 
will contribute value to the user, (f) what might be the buyer’s preference 
related to support service and warranty, and (g) what other product/ser-
vice features the customer may want, as well as other factors. Appendix 
4.9.1 contains additional sample customer-survey questions. It is of course 
important for marketers to recognize that the customers are often their 
most valuable assets and they need to do everything under their control to 
attract and keep them. A company that uses marketing strategies to under-
stand its customers’ needs can then implement service strategies that build 
and maintain competitive advantages in the marketplace. Beware of the 
instances wherein customers may not always know what they want, such 
as innovative and sight-unseen products/services.

To become customer-oriented, companies need to (a) define the generic 
needs of customers through research (such as the buyer’s perception of 
the cost, status, and value of a financial advisement service); (b) identify 
the target customers by segmentation (including which selected groups 
of customers have shared needs); (c) differentiate products/services and 
communication channels (e.g., offering special reasons for customers to 
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buy through unique product/service attributes or unique communications); 
and (d) bring about differentiated values for customers.

Consumers and business customers have different service needs. Prod-
ucts/services are not of the same value to all their intended end users, nor do 
they require the same depth of knowledge and technology to deliver. Because 
rational end users are willing to pay proportionally more for high-value 
products/services, marketing efforts must be devoted to products/services in 
proportion to their value to the end users. Implementing such a value-based 
marketing strategy will have a direct impact on corporate profitability deriv-
able from the marketplace. Figure 4.6 shows some service examples based 
on value and the extent of knowledge and technology needed to deliver them.

For services in each of these six categories shown in Figure 4.6, com-
panies will need to adopt suitable marketing strategies to optimally pro-
mote awareness, build brand image to attract their targeted consumers and 
business customers, effect their buying decisions, and retain them.

Example 4.1

To us engineers and technologists, products and services are the key “bun-
dles of value” we create as the primary basis for any enterprise to become 
profitable over time. In the absence of such “bundles of values” the enter-
prise has nothing meaningful to offer to the marketplace. Things we do 
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and say are usually reproducible and verifiable. We are clearly the back-
bones of any enterprise.

Please explain why any enterprise needs a marketing team? Why 
should we engineers/technologists bother wasting our time to collabo-
rate with these marketing guys who talk a funny language, use imprecise 
concepts, invoke data they can hardly prove, wave their hands, and proj-
ect such an air of optimism that can seem rather arrogant at times? Why 
should we engineers/technologists respect this “fast-talking bunch” and 
treat them as our “equals” in the first place?

Answer 4.1

For any product/service enterprise to succeed in the market place, it needs 
innovative products/services that customers are willing to buy. There are 
indeed two aspects in this business model. Engineers and technologists 
are important contributors to the development of innovative products/ser-
vices, which are low cost, reliable, and easy to deliver and support. This 
core product/service element is the key part of any business venture.

On the other hand, without marketing, engineering would not know 
which product/service  features to emphasize that would satisfy the needs 
of customers while offering meaningful differentiations to the competi-
tion. Furthermore, marketing creates customer awareness through the right 
advertising channels; such awareness is critical to achieve commercial 
success by any product/service. Marketing also (a) divides the customer 
base into segments so that they can be better served, (b) communicates 
with customers constantly to understand their future needs, (c) manages 
the customer relationships to discover unique usage patterns that might be 
important for the development of new services, and  (d) tracks the compe-
tition to mitigate potential threats.

Successful product/service enterprises need to demand that marketing 
and engineering are collaborating effectively in order to assure sustainable 
profitability.

4.3  MARKET FORECAST—FOUR-STEP PROCESS

The purpose of conducting a market forecast is to define the characteristics 
of the target market as to, for example, size, stability, growth rate, and ser-
viceability. Market size and growth rate must be large enough to warrant 
further consideration by marketers. Any future market is always uncertain  
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due to potential changes in end-user behavior, global economics, new 
technologies, competition, and economic and political conditions. The key 
to successfully forecast market size is to understand the underlying forces 
behind the demand.16 Barnett proposes a four-step process, as follows: (a) 
define the market, (b) segment the market, (c) determine the segment driv-
ers and model their changes, and (d) conduct a sensitivity analysis. These 
steps are explained below.

4.3.1  DEFINE THE MARKET

On the basis of customer interviews, the market should be defined broadly 
to include the principal product/service to be marketed, its “bundle of ben-
efits” to customers, and product/service substitution.

4.3.2  SEGMENT THE MARKET

In segmentation, the potential customers for the principal product/service 
are divided into homogeneous subgroups (segments) whose members 
have similar product/service preferences and buying behavior. Market 
segmentation is elucidated in detail in Section 4.4.

4.3.3 � DETERMINE THE SEGMENT DRIVERS AND MODEL 
THEIR CHANGES

Segment drivers may be composed of macroeconomic factors, such as 
the increase in white-collar workers and changes in population, as well as 
industry-specific factors, such as the industrial growth rate and business 
climate. Possible sources of information related to segment drivers are 
industrial associations, governments, industrial experts, marketing data 
and service providers, and specialized market studies.

4.3.4  CONDUCT A SENSITIVITY ANALYSIS

Sensitivity analyses are conducted to test assumptions. Monte Carlo sim-
ulations may be performed to generate the maximum—most likely—and 
minimum total market demand values, as well as an assessment of the 
risks involved (see Section 2.6).
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The following are illustrative examples in which the total market 
demand for a product/service is estimated by (a) defining the industrial 
segments that purchased the product/service in the past, (b) determining 
the future growth rates of these industrial segments, and (c) calculating 
the total market demand for the product/service with these industrial seg-
ment growth rates as the segment drivers. The assumption here is that 
the demand of products/servcies in a given industrial segment is in direct 
proportion to its segment growth rate.

For example, to predict the demand of electricity in future years, a 
utility company may subdivide its consumers into three segments: indus-
trial, commercial, and residential. The need for electricity by the industrial 
segment depends on its future production level and business climate. The 
electricity demand by the commercial segment is related to retail sales that 
in turn are negatively affected by retail stores consolidating and by grow-
ing Internet sales. For example, web-based sales increased by 28.5 percent 
to $14.8 billion in 2002. The residential electricity demand is affected pos-
itively by new home sales and home sizes and negatively by the increased 
energy efficiency of home appliances.

A second example is a paper-producing company that has determined 
the total market demand for uncoated white paper by deconstructing the 
market into end-use segments such as business forms, commercial print-
ing, reprographics, envelopes, stationery, tablets, and books. The drivers 
in each segment are then modeled in terms of macroeconomic and indus-
trial factors, using regression analysis and statistics. Examples of applica-
ble drivers include growth in the use of electronic technology, white-collar 
workers, the present level of economic activity, the growing use of per-
sonal printers, population growth, demand growth induced by price reduc-
tion, and the practice of paying bills online and not by checks stuffed into 
envelopes.

Market forecast is a difficult, but critical first step to take when devel-
oping a marketing program. Companies routinely engage both internal 
and external resources to assess the principal characteristics of the target 
market for their products/services.

4.4  MARKET SEGMENTATION

Once it is determined that the target market is worth pursuing (i.e., the 
market size is large and stable enough with a high growth rate), then it is 
useful to understand the potential customers in such a market so that they 
can be served well. Market segmentation is a process whereby companies 
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recognize the differences between various customer groups and define 
the representative group behaviors. Members in each of these customer 
groups respond to product/service offerings in similar manners and have 
comparable preferences with respect to the price–quality ratio, reliability, 
and service requirements.

4.4.1  PURPOSE OF MARKET SEGMENTATION

By dividing consumers into groups that have similar preferences and 
behaviors with respect to the products/services being marketed, compa-
nies achieve four specific useful purposes: (a) matching products/services 
to appropriate customer groups, (b) creating suitable channels of distribu-
tion to reach each of these customer groups, (c) uncovering new customer 
groups that may not have been served sufficiently, and (d) focusing on 
niches that have been neglected by competitors.

Overall, segmentation allows companies to realize the following 
benefits: (a) developing applicable marketing strategies and objectives, 
(b)  formulating and implementing marketing programs that address the 
needs of the different customer groups, (c) tracking changes in buying 
behavior over time, (d) understanding the enterprise’s competitive position 
in the marketplace, and recognizing future opportunities and threats, and 
(f) utilizing marketing resources effectively.

4.4.2  STEPS IN MARKETING SEGMENTATION

Displayed in Figure 4.7 is a segmentation flow diagram that illustrates the 
key steps in segmenting a market.

Companies need to classify consumers into segments by understand-
ing their individual, institutional, and service-related characteristics. 
Individual characteristics include culture, demographics, location, socio-
economic factors, lifestyles, family life cycle, and personalities. Institu-
tional characteristics include the type of business, its size, and extent of 
global reach. Service-related characteristics include type of user, original 
equipment manufacturer (OEM) versus private end user, usage level, ser-
vice knowledge, brand preference, and brand loyalty. Also to be studied 
are benefits sought by consumers such as psychological and emotional 
benefits, functional performance, and price.

Millions of consumers purchase cars every year. To some, cars repre-
sent a status symbol; to others, cars are simply a means of transportation. 
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A large number of car buyers emphasize safety and reliability, while others 
focus on fuel economy. Socioeconomic factors, demographics, personali-
ties, and family life are all known to influence the behavior of car buyers. 
These consumers are extensively segmented by all major carmakers.

4.4.3 CR ITERIA FOR MARKET SEGMENTATION

To be effective, the segmentation of a market needs to satisfy several 
requirements. The segmentation should be measurable. It should result 
in readily identifiable customer groups. The identified customer groups 
should also be homogeneous. Each group’s members should possess more 
or less unified value perceptions and display compatible behavioral pat-
terns. These customer groups are reachable by promotion and distribution 
means. Above all, the segments should be large enough in size to justify 
marketing efforts, and they should have a high-growth rate to allow the 
company to achieve long-term profitability.

4.4.4  PITFALLS OF MARKET SEGMENTATION

There are pitfalls to market segmentation. Certain “old economy” com-
panies adopt the asset-rich business strategy of pursuing the scale of 
economy advantages. For these companies, a potential pitfall is over-
segmentation, because the selected segments may be too small or frag-
mented to serve effectually. Such an over-segmentation is not a pitfall for 
other “knowledge economy” companies that form partnerships to establish  
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Select segmentation
method

Apply segmentation method
to chosen base(s)

Name each
identified segment

Evaluate segment
attractiveness

Prioritize the market
segments

Repeat segmentation
process regularly

Evaluate segment
performance

Apply marketing
strategies to reach segments

Select the
target segments

Adjust segmentation
base and/or method

Figure 4.7.  Segmentation flow diagram.
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supply chains for “build-to-order” products/services. To foster differentia-
tion, knowledge economy companies pursue product/service customization 
as the basis for their business strategies.17 Examples of these products and 
services are mini-brewers, computer systems, custom cosmetics, financial 
advisement, and architectural design services. For other companies, over-
concentration (lack of balance between segments) could have a negative 
impact on their overall marketing effectiveness.18

Market segmentation is a prerequisite to developing a workable mar-
keting program. Knowledge derived from customer groups serves as valu-
able inputs to product/service design, pricing, advertising, and customer 
services, all of which are yet to be finalized by the marketers.

4.4.5  REDISCOVERY OF MARKET SEGMENTATION

Segmentation is designed to identify groups of customers who are par-
ticularly receptive to a particular brand of product/service, as well as 
being sufficiently large and lucrative to justify an active pursuit. Cus-
tomer’s traits such as values, tastes, and preferences are more likely to 
influence their purchase decisions than age, sex, educational background, 
and income level.19 Segmentation must be done regularly, as customers’ 
buying patterns (e.g., based on needs, attitudes, and behavior) may change 
over time and can be reshaped by market conditions (e.g., economics, new 
consumer niches, and new technologies). Effective segmentation focuses 
on one or two issues and they need to be reconsidered as soon as they 
have lost their relevance. Yankelovich and Meer20 suggested a “Gravity 
of Decision Spectrum” described below to focus on the relationship of 
consumers to a product or service category:

1.	 The shallow end: Consumers seek products and services they think 
will save them time, effort, and money. Segmentation should focus 
on price sensitivity, habits, and impulsiveness of target consumers.

2.	 In the middle: Customers buy big ticket items (cars and electron-
ics). Segmentation focuses on concerns about quality, design, com-
plexity, and the status the product/service might confer.

3.	 The deepest end: Customers’ emotional investment is great and 
their core values are engaged. These core values are often in con-
flict with market values. Segmentation needs to expose these ten-
sions. Health care is an example service for these customers.

We have modified the original “What is in Stake Diagram”21 for products/
services as shown in Table 4.1.



156   •   BUSINESS FUNDAMENTALS FOR ENGINEERING MANAGERS
Ta

bl
e 

4.
1.

 M
od

ifi
ed

 “
gr

av
ity

 o
f d

ec
is

io
n 

sp
ec

tru
m

” 
fo

r p
ro

du
ct

s/
se

rv
ic

es

N
o.

D
ec

is
io

n
Is

su
es

 to
 a

dd
re

ss
C

on
su

m
er

s’ 
co

nc
er

ns
To

 fi
nd

 o
ut

 b
y 

 
se

gm
en

ta
tio

n
E

xa
m

pl
es

 o
f s

er
vi

ce
s

1
Sh

al
lo

w
es

t 
le

ve
l

W
he

th
er

 to
 m

ak
e 

sm
al

l 
im

pr
ov

em
en

ts
 to

 
ex

is
tin

g 
se

rv
ic

es

H
ow

 re
le

va
nt

 a
nd

 b
el

ie
v-

ab
le

 th
e 

ne
w

 se
rv

ic
e 

cl
ai

m
s a

re

B
uy

in
g 

an
d 

us
ag

e 
be

ha
vi

or
 

In
fo

rm
at

io
n 

se
ar

ch
 (G

oo
-

gl
e)

, c
ar

 re
pa

irs
, c

ar
 

re
nt

al
s, 

vi
de

o 
re

nt
al

s, 
pe

rs
on

al
 c

ar
e 

(h
ai

rc
ut

s)
, 

en
te

rta
in

m
en

t, 
fo

od
 se

r-
vi

ce
s (

St
ar

bu
ck

s)
, p

ac
ka

ge
 

de
liv

er
y

H
ow

 to
 se

le
ct

 ta
rg

et
s 

of
 a

 m
ed

ia
 c

am
pa

ig
n

H
ow

 to
 e

va
lu

at
e 

a 
gi

ve
n 

se
rv

ic
e

W
ill

in
gn

es
s t

o 
pa

y 
a 

sm
al

l p
re

m
iu

m
 fo

r 
hi

gh
er

 q
ua

lit
y

W
he

th
er

 to
 c

ha
ng

e 
pr

ic
es

W
he

th
er

 to
 sw

itc
h 

se
rv

ic
es

D
eg

re
e 

of
 b

ra
nd

 lo
ya

lty

2
M

id
dl

e 
le

ve
l

H
ow

 to
 p

os
iti

on
 th

e 
br

an
d

W
he

th
er

 to
 v

is
it 

a 
cl

in
ic

 
ab

ou
t a

 m
ed

ic
al

 c
on

di
-

tio
n

W
he

th
er

 th
e 

co
ns

um
-

er
s b

ei
ng

 st
ud

ie
d 

ar
e 

do
-it

-y
ou

rs
el

f o
r d

o-
it-

fo
r-m

e 
ty

pe
s

O
nl

in
e 

de
gr

ee
 p

ro
gr

am
s, 

tra
ve

l s
er

vi
ce

s, 
eB

ay
 p

ur
-

ch
as

es
, p

hy
si

ci
an

 se
rv

ic
es

W
hi

ch
 se

gm
en

ts
 to

 
pu

rs
ue

W
he

th
er

 to
 sw

itc
h 

on
e’

s 
br

an
d 

of
 se

rv
ic

e
C

on
su

m
er

’s
 n

ee
d 

(b
et

te
r s

er
vi

ce
, c

on
ve

-
ni

en
ce

, f
un

ct
io

na
lit

y)



Marketing Management    •   157

W
he

th
er

 to
 c

ha
ng

e 
th

e 
se

rv
ic

e 
fu

nd
am

en
-

ta
lly

W
he

th
er

 to
 si

gn
 o

n 
an

 
on

lin
e 

de
gr

ee
 p

ro
gr

am
Th

ei
r s

oc
ia

l s
ta

tu
s, 

se
lf-

im
ag

e,
 a

nd
 li

fe
-

st
yl

e
W

he
th

er
 to

 d
ev

el
op

 a
n 

en
tir

el
y 

ne
w

 se
rv

ic
e

3
D

ee
pe

st
 

le
ve

l
W

he
th

er
 to

 re
vi

se
 th

e 
bu

si
ne

ss
 m

od
el

 in
 

re
sp

on
se

 to
 p

ow
er

fu
l 

so
ci

al
 a

nd
 e

co
no

m
-

ic
al

 fo
rc

es
 c

ha
ng

in
g 

ho
w

 p
eo

pl
e 

liv
e 

th
ei

r 
liv

es
 a

nd
 h

ow
 c

or
po

-
ra

te
 b

us
in

es
s s

tra
te

-
gi

es
 a

re
 re

vi
se

d

C
ho

os
in

g 
a 

co
ur

se
 o

f m
ed

-
ic

al
 tr

ea
tm

en
t

C
or

e 
va

lu
e 

an
d 

be
lie

fs
 

re
la

te
d 

to
 th

e 
bu

yi
ng

 
de

ci
si

on

C
on

su
lti

ng
 (b

us
in

es
s, 

ou
t-

so
ur

ci
ng

, fi
na

nc
ia

l a
dv

is
e-

m
en

t, 
le

ga
l),

 re
lo

ca
tio

n,
 

m
aj

or
 m

ed
ic

al
 se

rv
ic

es

D
ec

id
in

g 
w

he
re

 to
 li

ve

So
ur

ce
: A

do
pt

ed
 a

nd
 m

od
ifi

ed
 fr

om
 Y

an
ke

lo
vi

ch
 a

nd
 M

ee
r (

20
06

).



158   •   BUSINESS FUNDAMENTALS FOR ENGINEERING MANAGERS

Example 4.2

A company has divided the market for its existing services into three seg-
ments: (1) mass-market applications, (2) applications requiring a quality 
service, even though consumers continue buying on price, and (3) critical 
applications to which both quality and reliability are important. Advice 
the company on the marketing strategies that should be applied to these 
three segments.

Answer 4.2

For the company to be successful, a different set of marketing strategies 
needs to be applied to each of these segments, as suggested in Table 4.2.

Multiple distributions are recommended, including mass-merchan-
dise department stores for wide distribution. Direct distribution should 
include catalogs, specialty stores, and upscale department stores.

4.5  MARKETING MIX (SEVEN PS)

The seven controllable variables in the marketing of services are price, 
promotion, product (service), placement (distribution), physical evidence, 
process design, and people; see Figure 4.8. The marketing mix for products 
consists of only the first four Ps. The last three Ps, namely physical evidence, 

Table 4.2.  Marketing strategies for specific segments

Marketing  
variables Segment 1 Segment 2 Segment 3

Price Low Low High
Product/service Standard Quality Quality and 

reliability
Promotion Broad Limited Focused
Place Multiple distri-

butions
Multiple distri-
butions

Direct

Physical evi-
dence

Not important Low emphasis High emphasis

Process Highly efficient Efficient Standard
People Standard Standard Dedicated
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process design, and people, are added to account for the significant impact 
these factors exert on the marketing of services.22 These seven variables 
characterize the multidimensional nature of marketing and are centered on 
customers, who are front and center to any successful marketing program.

4.5.1  PRODUCT (SERVICE) STRATEGY

The product/service symbolizes the actual “bundle of benefits” that 
is offered to customers by the marketers. Factors considered include 
functional attributes, appropriateness to customer needs, distinguished 
features over competition, product/service-line strategy, and product/
service-to-market fit.

The product/service strategy takes the center stage in any marketing 
porgam.23 If marketed properly, products and services that offer unique 
and valuable functional features to consumers are expected to enjoy a 
strong marketplace acceptance.

Products/services may be generally classified as either industry  or 
consumer oriented. Their characteristics are different, as shown in Table 
4.3. Marketing programs for consumer products/services are quite dif-
ferent from those for industrial products/services, even though the same 
basic marketing approach applies to both.24

A good marketing program must take into account the consumer’s 
perception of products/services. Indeed, consumers perceive products/
services in different ways from the producers and marketers. When buy-
ing products/services, consumers look for “bundles of benefits” that sat-
isfy their immediate wants. Products/services that producers regard to be  

Physical
evidence

People

Product/service
strategy

Process
design 

Customer

Pricing
strategy

Promotion
strategy

Placement (distribution)
strategy

Figure 4.8.  Marketing mix.
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different because of physical embodiment (e.g., input materials), produc-
tion process, or functional characteristics may in fact be equivalent in 
how consumers perceive them, provided that the same or similar benefits 
(substitute services) are recognized by the customers. Table 4.4 contains 
illustrative examples of these different perceptions.

Table 4.3.  Industrial versus consumer products/services

Critical factors
Industrial products/
services

Consumer products/
services

  1.  Number of buyers Few Many
  2.  Target end users Employers Individual
  3. � Nature of prod-

ucts/services
Tailor-made, technical Commodity, nontech-

nical
  4. � Buyer sophistica-

tion
High Low

  5.  Buying factors Technical, quality, 
price, delivery, 
service

Price, convenience, 
packaging, brand

  6.  Consumption OEM parts for resell-
ing, own consump-
tion

Direct consumption

  7. � Producer end-user 
contact

Low High

  8. � Time lag between 
demand and 
supply

Large Small

  9. � Segmentation 
techniques

SIC, size, geography, 
end user, decision 
level 

Demographics, 
lifestyle, geography, 
ethnic, religious, 
neighborhood, 
behavior

10. � Classification of 
goods

Raw materials, fabri-
cated parts, capital 
goods, accessory 
equipment, MRO 
supplies

Convenience (house-
hold supplies, foods), 
shopping (cameras, 
refrigerators), spe-
cialty (brand-name 
items)

MRO, maintenance, repair, and operations; SIC, standard industrial 
classification.
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Companies must define competition based on the way customers per-
ceive their products/services. Note that services that appear to be physi-
cally different to marketers may appear to be the same to users.

Product/service strategy must also be established with respect to 
competition. A company may decide to market premium products/ser-
vices, characterized by having features that are novel  or superior to those 
offered by the competition. Such outstanding product/service features 
may be possible because of the company’s innovative capabilities, tech-
nological superiority, and other core competencies. Companies with such 
“high-road” brands (see Section 4.5.1[E]) tend to enjoy and sustain high 
profitability. Other companies may elect to make commodity-type (value) 
products/services with commonly available features so that they compete 
head-on against their competitors on the basis of price, service, distri-
bution, and customer relations management. They pursue the option of 
“low-road” products/services. Positioning is the step that addresses such 
competitive issues related to products/services.

A. Product (Service) Composition

When customers buy and use a product/service, they realize specific ben-
efits from the core offering, as well as a number of supplemental values 
that support the core. Lovelock and Wirtz25 introduce the “Flower of Ser-
vice” model to illustrate the composition of such a service; see Figure 4.9. 
While this model was created for hotal servcies, it applies to many other 

Table 4.4.  Service perceptions

Services Vendor’s perceptions Consumer’s perceptions

Major surgeries Sequences of diagnostic 
tests

Hope of recovering while 
enduring pains and 
suffering

Surgical procedure
Medications, emergency 
steps

Financial  
advisement

Models, diversification 
strategy

Chances of preserving 
capital and making money

Economic projections
Projected risks in global 
economy
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products/services as well, even though not all supplemental services listed 
are of equal importance to others. In the clockwise direction, the first four 
supplemental services are normally expected from any core, whereas the 
last four may vary depending on the specific core prodcuts/services at hand.

1.	 Information: must be timely and accurate in specifying service 
hours, locations, price, usage instructions, conditions of sales, 
warnings, directions to service sites,  receipts, tickets, documenta-
tion, tracking of package delivery by FedEx front-line employees, 
technological enablers—website, video kiosks, brochures, etc.

2.	 Order-taking: make the process easy and timely for customers 
to receive order confirmation, assure the order being  accepted 
quickly, and get receipts.

3.	 Billing: must be timely, accurate, itemized, and clear in order to 
promote fast customer payment. Set up a system to encourage 
self-billing and promote fast checkout.

4.	 Payment: make it easy and convenient for customers, such as 
allowing the use of credit cards and electronic payment options.

5.	 Consultation: must be customized to the situation at hand for dis-
pensing advice related to the use of product/service, counseling, 
offering free-of-charge tutoring/training or business advisement,  as 
a way to promote sales.

6.	 Hospitality: must be friendly in interacting with customers. Air-
lines offer departure and arrival lounges to enhance customer con-
venience. Physical appearance of such facilities is important.

Information

Safekeeping

Exceptions

Billing

Payment

Core

Consultation

Hospitality

Order
taking

Figure 4.9.  Flower of service model.
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7.	 Safekeeping: This refers to safes in hotel rooms, lighting of park-
ing spaces for cars on site, coat rooms, child care and pet care facil-
ities, and floor management to assure customer safety.

8.	 Exceptions: These include special requests, problem solving, com-
plaint handling, and restitution. Oftentimes, supplemental services 
are used to define differentiable grades of service, such as premium, 
standard, economy, and so on. For the service to be successful in 
the marketplace, the attitudes and approach of customer-facing per-
sonnel must be friendly with well-planned customer engagement 
strategies.

B. Product/Service Positioning

An important question that companies should answer is, which service 
attributes should be included? A perceptual map is a useful tool to posi-
tion the company’s products/services in relation to existing competition in 
the marketplace. It enables companies to select the correct set of product/
service attributes to maximize their marketing advantages. Useful steps in 
positioning new entries or repositioning existing products/servicess may 
also include articulating customer preferences and emphasizing gaps in 
attributes.

Figure 4.10 is an example of a perceptual map for four-year B.S. 
degree programs in Engineering considering the service attributes of value 
and cost. Value is defined as knowledge and skills gained plus the intangi-
ble benefits (e.g., social networking, alumni organization activities, school 

Group 1:  Prime schools (MIT,
                 Princeton, Stanford)
Group 2:  Big ten schools (Ohio,
                 Illinois, Michigan, Purdue)
Group 3:  State universities 
Group 4:  Private less-known schools
Group 5:  Online schools

3

5

2

4

Cost

Value

1

Figure 4.10.  Perceptual map.
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reputations) related to the institutions involved. Cost include tuitions (out 
of state), living expense, and others required to complete the four-year 
programs. Only the relative magnitudes of the attributes are emphasized 
in such a map. However, the map helps to identify which degree programs 
are in direct competition and which are not. It is also possible to link 
customer segments to these pairs of service attributes, thus enabling the 
product/servcie providers  to refine their advertising strategies for these 
customer segments.

Services with more than two important attributes are readily 
mapped into an n-dimensional perceptual map. A service (e.g., S1) is 
designated by a single point having the coordinates F1, F2, F3, through 
Fn, with each representing an independent service attribute. This repre-
sentation is complete if the elements of the attributes set (F1, F2,..., Fn) 
are mutually exclusive and collectively exhaustive. For example, for 
automobiles, these attributes may include price, styling, fuel economy, 
driving comfort, safety, brand prestige, power, and longer-term depend-
ability (e.g., number of problems per 100 three-year-old vehicles). The 
spacing between two neighboring points (each identifying a service) as 
depicted in this n-dimensional map is equal to the square root of the 
sum of the individual attribute differences, squared. Presented in Table 
4.5 is an example of the description of services with six distinguishable 
attributes.

C. Product/Service Life Cycles

Every product/service goes through a number of important stages through-
out its useful life.26 These stages include:

Table 4.5.  Inputs to six-dimensional perceptual map

Service F1 F2 F3 F4 F5 F6

S1
S2
S3
S4
Your Service 
S5
S6
S7
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1.	 The entry stage: product/service testing, market development, and 
advertising 

2.	 The growth stage: product/service promotion, market acceptance, 
and profit growth

3.	 The stagnation stage: price competition, substitution, and new 
technologies

4.	 The decline stage: cash-cow strategy with no more investment.

Companies need to understand which stage a given product/service is cur-
rently in (see Figure 4.11). From the standpoint of the product/service life 
cycle, an important product/service development strategy is to sequence 
the introduction of new products/services so that a high average level of 
profitability can be maintained for the company over time.

Engineering managers are particularly qualified to constantly come 
up with innovative products/services so that their employers may intro-
duce these offerings at the right intervals.

D. Product/Service Portfolio

Another strategy issue is related to the types of products/services con-
currently being marketed by the conpany. With the exception of a few, 
most companies market a group of products/services at the same time, 
referred to as a portfolio.27 Products/services in a portfolio are usually 
not “created equal.” From the company’s standpoints of pursuing prof-
itability and market-share position, some are more valuable than others. 
Boston Consulting Group (BCG) of Boston, Massachusetts, developed a 
portfolio matrix based on the  measures of growth rate and market share 

Product/service life cycle

-20
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Life (%)

$ Sales
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Figure 4.11.  Product/service life cycle.
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(see Figure 4.12). According to this classification scheme, products/ser-
vices are regarded as stars if they enjoy high growth rate and high mar-
ket share. They are  question marks if achieving have high growth rate, 
but low market share. Cash cows are those products/services with low 
growth rate and high market share. Products/services are designated as 
dogs if both growth rate and market share are low.

Figure 4.12 indicates that companies need to differentiate the prod-
ucts/services they market by strategically emphasizing some and deem-
phasizing others, according to the responses from the marketplace. For 
example, a useful corporate strategy to manage a product/service portfolio 
is to milk the cows to provide capital for building question marks into 
stars that will eventually become cash cows. Divest the dogs.

E. Producs/Services and Brands

Numerous high-tech companies operate in a “service-centric” business 
model, in that they market products/services on price and performance. 
Recent market studies show that the success of technology-based prod-
ucts/services in the marketplace is not purely dependent on the price–per-
formance ratio, but also on the trust, reliability, and promised values the 
customers perceive in a given brand.

According to Dev,28 brand is “a distinct identity that differentiates a 
relevant, enduring and credible promise of value associated with a prod-
uct, service, or organization that indicates the source of that promise.”

Market share

M
ar
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High Low

Low

High

?

Figure 4.12.  Product (service) portfolio.
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The brand of a company represents more than a name. It stands for all 
of the images and experience (e.g., products, services, interactions, man-
agement quality, and customer relations) that customers associate with the 
organization. It is a link forged between the company and the customers. 
It is a bridge for the company to strengthen relationships with customers.29

A promise of value is an expectation of the customer that the com-
pany is committed to deliver. Examples of such promises of value from 
several companies are listed in Table 4.6. They must be relevant to the 
enduring needs of the target customers and made credible by the persistent 
commitments of the company. To be competitive, the promise of value 
must be distinguishable from those offered by other brands.

Research by Ward et al.30 indicates that customers consider questions 
at five levels when purchasing both high-tech and consumer types of prod-
ucts/services. These questions may be grouped into a brand pyramid, as 
illustrated in Figure 4.13.

Technology-oriented buyers are typically focused on questions at lev-
els 1 and 2. However, higher-level business managers who make purchase 
decisions are also known to address questions at levels 3 to 5. These deci-
sion makers are interested in what the product/service will do for them, 
not just how it works. Consequently, to project a trustworthy and reliable 
image, to build strong relationships with customers, and to enhance brand 
loyalty and customer retention, companies pay attention to questions at all 
five levels. This is the emphasis of brand management.

Brand is a major asset that must be properly managed and constantly 
strengthened. Useful inputs for brand management are typically secured 
from customer feedback. Once the market is properly segmented, the 
promise of values is specifically designed to address the needs of the target 
segments involved. Actions are then taken to deliver the stated promise of 
values, and results are constantly collected to monitor progress.

Brand is evaluated on how well it is doing with respect to a number 
of metrics: (a) delivering according to the customer’s desire; (b) relevance 

Table 4.6.  Promises of value

Corporate brands Promises of value

IBM Superior service and support
Apple Simple, innovative, and easy to use
Lucent Newest technologies
Gateway Friendly service
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to the customers; (c) value to the customers; (d) positioning; (e) service  
portfolio management; and (f) integration of marketing efforts, manage-
ment, support, and monitoring.

In the past, brand management has been focused primarily on points 
of difference, such as how a given brand differs from the other competing 
brands within the same category. Maytag is known to emphasize “depend-
ability.” Tide® focuses on “whitening power.” BMW stresses “superior 
handling.” Recently, Keller et al.31 suggested that attention should be paid 
to points of parity and the applicable frame of reference, in addition to 
the points of difference, when marketing a given brand. Emphasizing the 
frame of reference is intended to help customers recognize the brand cat-
egory comprising all of the competing brands. Focusing on the points of 
parity will ensure that customers recognize a given brand as a member of 
the identified brand category.

Brand may be classified with respect to the two dimensions: brand 
category and relative market share. The brand category is defined as 

1

2

3

4

5

Figure 4.13.  Brand pyramid.

Notes: �Level 5: What is the personality of the brand (aggressiveness, conservatism, etc.)?
	� Level 4: Does the value offered by the product/service reflect that favored by the 

customers (family values, achievement)?
	� Level 3: What are the psychological or emotional benefits of using the product/

service in question? How will the customers feel when they experience its technical 
benefits?

	� Level 2: What are the technical benefits to customers (solutions to problems, 
cost-saving benefits, and speed of production)?

	� Level 1: How does the product/service work (characteristics, technological features, 
and functional performance)?
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premium if the category is dominated by premium brands—those with 
high values to customers. Examples of premium brands include BMW,  
Mercedes Benz, Jaguar, and other luxury and specialty cars, each of which 
has unique , high-value attributes. The brand category is defined as value 
if it is dominated by value brands—those with basic, minimum, low-end 
attributes. Examples of value brands include Chevy, Saturn, and other 
compact and four-door family cars. Gillette markets its Mach-3 Turbo 
shaving system as a premium brand, whereas the cheap disposable razors 
from its own company as well as its competition are the value brands. 
The relative market share refers to the percentage of market share a given 
brand is able to attain.

In Figure 4.14, brands are grouped into four classes: high-road, 
low-road, hitchhiker, and dead-end brands.32 ROS represents return on 
sales, which is defined as net income divided by the sales revenue (see 
Section 3.4.1).

High-road brands are those with services that offer premium features, 
options, qualities, and functions to command high selling prices while 
attaining a leadership position in the market share. Examples of such high-
road brands are Apple iPhone 5S, Microsoft Surface Pro 2, and McKinsey 
& Company. These brands enjoy excellent profitability that may be sus-
tained for long periods. The key success factors for high-road brands are 
technological innovation (e.g., constantly adding novel product/service 
features and values), time to market, flexible manufacturing, and adver-
tising (see Figure 14.3).
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Figure 4.14.  Brand classes.
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Low-road brands are those that offer value brands while enjoying a high 
market-share position. Because of marketplace competition and a lack of 
distinguishable service features, these brands can be successfully man-
aged by emphasizing cost reduction, production efficiency, service sim-
plification, and distribution effectiveness.

Hitchhiker brands are those with premium service values and low 
market share. For these brands to become high-road brands, management 
must emphasize cost reduction, flexible manufacturing, and product/
service innovation.

Dead-end brands are value brands with low market share. These 
brands attain only marginal profitability. There are several strategies to 
grow the profitability of these dead-end brands: (a) reduce the price to 
penetrate the market and thus move these brands to the low-road category; 
(b) increase the scale of economies by applying the “string-of-pearls” 
strategy: producing and marketing several services together to cut costs; 
and finally (c) introduce a superior, premium service to “trump” this brand 
into the hitchhiker category. Failing all of these attempts, dead-end brands 
should be discontinued. Table 4.7 summarizes the strategies that deal with 
these four classes of brands.

The preceding discussion on product/service brands should assist 
engineering managers in understanding the significant value added by 
brands to the success of the company’s marketing program.33 Such an 
understanding should make it easier for them to channel their support 
efforts to actively enhance the company’s brand strategy.

Berry and Seltman34 presented a useful model to build brand equity. 
This model is depicted in Figure 4.15. “Organization’s presented brand” 
is the desired brand image advocated by the product/service company. 
The brand image is promoted through advertising, brand name, logo, 
websites, employee uniforms and facilities’ design. This strategy creates 
“brand awareness” among target customers. Brand awareness is the cus-
tomer’s ability to recognize and recall a brand. “Brand meaning” is the 
customer’s dominant perception of the brand. Perception is built on the 
personal experience customers have in dealing with the product/service 
organization. Customer experience will also influence what other people 
say and write (e.g., word of mouth, blogs, message boards, etc.) about 
the brand—these “external brand communications” have a secondary 
influence on both brand awareness and brand meaning, as depicted by 
the dotted arrows in Figure 4.15. Together, brand awareness and brand 
meaning form the brand equity, which is the degree of marketing advan-
tage or disadvantage the organization has over its competition in the 
marketplace.
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Table 4.7.  Strategic options for brands*

Brands Strategic options

High road Apply R&D to constantly innovate to make 
products/services premium—adding new product/
service features and changing forms and functions

Expand product/service lines (product/service 
proliferation)

Initiate media campaign
Capital investment
Decrease time to market
Flexible manufacturing
Direct store delivery to preoccupy shelf space

Low road Pursue cost reduction aggressively
Lessen product/service proliferation (stock keeping 
units [SKUs]) by simplifying types and designs

Consolidate production facilities to improve effi-
ciency and cut wastes

Use realized cost savings to slash price
Consider ways to add premium products/services 
(advancing to high road)

Hitchhiker Apply R&D to constantly innovate to make prod-
ucts/services premium—adding new product/ser-
vice features and changing forms and functions

Cost reduction
Reduce time to market
Flexible manufacturing
Initiate media campaign
Consider capital investment

Dead end Cut price (advancing to low road)
Outsource in areas with economies of scale
Apply the “string-of-pearls” strategy to enhance scale
“Trump” the category by introducing a superior, 
premium product/service that resets consumer’s 
expectation (advancing to hitchhiker)

Do not spend on marketing
Make no capital investment

*Source: Vishwanath and Mark (1997).
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Based on this model, building a strong brand equity requires (a) ded-
icated effort in brand presentation (e.g., advertising, logo, websites, 
messages, physical appearance of facilities); (b) commitment to effect 
a satisfactory customer experience (e.g., employee training, employee 
compensation, employee attitudes, efficient support processes, pleasant 
working environment, etc.); and (c) a customer feedback system to allow 
efficient mitigation of any negative external communications (e.g., unfa-
vorable publicity, ethics, corporate citizenship). In services, the custom-
er’s experience is typically generated by interacting with customer-facing 
agents. The brand name is associated with the entire service organization, 
including all service people and products.

The Mayo Clinic is a world-renowned hospital headquartered in 
Rochester, Minnesota. Its brand name is built on three specific strategies: 
(a) unique skills and clinical outcome, (b) a team medicine model to solve 
patients’ problems collaboratively, and (c) actual experience exceeds 
expectations. The Mayo Clinic, by emphasizing the value of services it 
offers and creating a system capable of meeting and surpassing expecta-
tions, was able to turn its patients into marketers for the clinic. Because the 
Mayo Clinic treats its patients well, patients would  talk to 40 others about 
their good experience at the clinic. The marketing promotion effected by 
its own patients has been possible only because the outcomes the Mayo 
Clinic projected exceeded patient’s expectations. Just meeting expectation 
is not enough to generate a word-of-mouth campaign.35

Brand equity is the sum of a customer’s assessment of the brand’s 
intangible qualities, positive or negative. According to Rust et al.,36 empha-
sizing only the building of brand equity misses valuable opportunities, 
often to the detriment of the company. Instead of focusing on brand equity, 
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External brand
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experience with

organization

Brand
meaning

Brand
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Figure 4.15.  Model of building brand equity.
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companies should focus on customer equity. The logic is simple. A customer 
may change his or her perception about a specific brand. However, if these 
customers can be encouraged to attach their loyalty to another brand within 
the company, their relationship with the company will continue. Customer 
life time value is the net profit derived from a customer during the time 
when the customer has a positive relationship with the company.

Brand perception can be influenced by geography. For example, 
South Americans may have a vastly different perception about an Amer-
ican brand than people in the United States. The following are recom-
mended strategies37 to pursue customer-centric branding strategies:

1.	 Focus on customer relationships ahead of branding. Manage key 
accounts of profitable and important customers and apply appropri-
ate branding strategies to these customer groups or segments.

2.	 Build brand around customer segments, not the other way around.
3.	 Make the brand as narrow as possible. In a customer-centered 

approach, the brand should be able to satisfy small customer seg-
ments while remaining economically viable. 

4.	 If the customers are similar, then different brands may be advertised 
to them. An Example is Disney, which offers movies, hotels, and 
amusement parks all to the same customers (i.e., the young and 
young at heart, all who want to be entertained).

5.	 Be ready to hand off customers to other brands in the same com-
pany. For example, encourage customers of Fairfield Inn to trade up 
to the Marriot Hotel brand (Marriot owns the Fairfield Inn brand).

6.	 Do not take heroic measures. If a brand is no longer viable, do not 
spend time and resources attempting to save it. Let it go.

7.	 Change how brand equity is measured.

The long-term goal is to create and cultivate profitable, long-term relation-
ships with customers. Brand management is only one tool of many that 
can be used toward accomplishing this goal.

Example 4.3

Forecasting future market conditions and technologies is a difficult, but 
necessary task  for companies striving to sustain business success. Look-
ing out for emerging technologies, which could be applied to enhance 
business competitiveness, should be the primary role of engineering and 
technology managers.
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What might be a good strategy for engineering and technology 
managers to become sensitized to forecasting technology and scanning 
emerging technologies so that they fulfill their important role of serving as 
technology “gatekeepers” to their employers?

Answer 4.3

Different engineering and technology managers will have different prefer-
ences in fulfilling this important role of forecasting. One possibility is to 
adopt the following logical sequence of steps:

1.	 Compose a “wish list” of technologies that would make the com-
pany’s current products/services cheaper, faster, and better. Define 
desirable new product/service features based on customer inputs and 
the technologies required for their development. Define new prod-
uct/service concepts and the requisite technologies that might be 
compatible with the current product/service lines marketed by the 
company.

2.	 Understand some of the emerging technologies noted in the litera-
ture. Network actively with professionals in industries, universities 
and independent research organizations to access valuable informa-
tion sources.

3.	 Determine the useful technologies that might be available during 
the next 5 to 10 years to support the current products, product 
enrichments, or new product/service concepts.

4.	 Assess the development activities associated with these useful tech-
nologies in universities, start-ups, technology incubator firms, con-
tract research companies, or other organizations, both domestic and 
global, to gauge their quality and readiness for commercialization.

5.	 Make specific recommendations in a timely manner to secure the 
supply of such new technologies, by way of acquisition, joint devel-
opment, and partnership, for enhancing the commercial success of 
the company’s products/services.

Example 4.4

There is a strategic approach called “Second Brand strategy.” Explain, 
what is unique about this strategy? Under what conditions would this strat-
egy be best applied and what is the main purpose it is intended to achieve?
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Answer 4.4

The “Second Brand Strategy” refers to the creation of a new brand, which 
is to be distinguished from the primary brands of the company, in order 
to market similar products at much lower prices. Companies pursue this 
strategy to avoid or minimize the cannibalization effect on the primary 
brands and to counter the aggressive selling efforts of new competitors 
who enter the marketplace with low-price alternatives.

This strategy would work well for companies that have financial stay-
ing power, are presently the market leaders interested in protecting their 
market share positions, and want to pursue this strategy as a short-term 
solution to confront the market penetration efforts of new competitors and 
drive them away, while preserving the loyalty of their current customers. 
As soon as the competitors become disenchanted and disappear from the 
scene, the company would stop the “Second Brand Strategy” immediately.

Example 4.5

XYZ Company wishes to enter a new market arena on the basis of its 
strength in core technologies and financial staying power. However, the 
market arena in question is currently dominated by a major competitor 
with 80 percent of the market share, and a number of smaller competitors, 
each being focused on small niche segments. How should XYZ Company 
enter this market?

Answer 4.5 

One strategy is to (a) acquire a couple of small competitors to estab-
lish a foothold in the target market arena, (b) invest to manufacture new 
products built upon one’s own core technologies, (c) consider importing 
suitable parts to cut product costs and speed up the time to market, and 
(d) sell the products at slightly lower prices to gradually take the market 
share away from the dominant player.

F. Engineering Contributions to Product/Service  
and Brand Strategy

The product/service is a key element in the marketing mix. Engineers 
and engineering managers have major opportunities to add value by 
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(a) understanding the customers’ perceptions of products/services; 
(b) designing products/services with features that are wanted by custom-
ers; (c) helping to position the company’s services strategically to derive 
marketing advantage; (d) practicing innovations in the design, develop-
ment, production, reliability, serviceability, and maintenance of products/
services to differentiate them from others; (e) sustaining the company’s 
long-term profitability by creating a constant flow of new products/ser-
vices for introduction on a timely basis; (f) assisting in managing com-
panies’ product/service portfolios by adding premium features to some 
and reducing costs to others; and (g) ensuring commercial success of the 
high-road and hitchhiker brands in the marketplace.

In the “knowledge economy” of the 21st century, time to market is 
an increasingly important competitive factor. Once the desirable set of 
product/service attributes is known from market research, those compa-
nies that bring the suitable products/services to the market first will enjoy 
preemptive selling advantages and will recover the product/service devel-
opment costs faster than others.

Engineering managers should also be well prepared to contribute 
in shortening the services’ time to market by utilizing advanced tech-
nologies (e.g., 3-D printing, nano-technologies, etc.) to create modu-
lar design, eliminate prototyping, whittle away design changes, foster 
parts interchangeability, ensure quality control, and introduce other 
innovations.

4.5.2  PRICING STRATEGY

Price is a very important product/service attribute.38 Companies pay a 
great deal of attention to the setting of  prices. Setting the price too high 
will discourage consumers from buying, whereas setting it too low will 
not assure profitability for the company. In general, companies have a 
number of options to define its pricing strategy, as described below.

A. Skimming and Penetration Strategies

Companies applying the skimming strategy would set the product/service 
price at the premium levels initially and then reduce it in time to reach addi-
tional customers. In other words, they “skim the cream” first. An example 
is the marketing of a new book with hardcover copies selling at a high price 
(e.g., $29.95) followed by the paperback version at a low price ($4.95). 
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New technology services are also typically sold at high prices initially in 
the absence of competition. As competitors enter the market with products/
services of similar features and quality, product/service prices are then low-
ered accordingly.

In contrast, companies pursuing the penetration strategy would set 
product/service prices low to penetrate a new market and to forcefully  
acquire a large market share. A high market-share position sets forth 
a barrier of entry for other potential competitors. Typically,  companies 
use a penetration pricing strategy to enter an existing, but highly compet-
itive market. An example is the marketing of Japanese motorcycles in the 
United States.

B. Factors Affecting Price

In setting product/service prices, besides using the skimming and pene-
tration strategies, companies broadly consider a number of other factors: 
financial aspects, service characteristics, marketplace competition, distri-
bution and production capabilities, price–quality relationship, and the rel-
ative position of power. These factors will be discussed next.

1.	 Financial aspects: The more solid the company’s financial posi-
tion is, the more capable it is to initially set the product/service 
price low. Companies strong in finance stay afloat for a long period 
of time even with low profitability. Companies that desire high, 
short-term profitability tend to set the product/service prices high.

2.	 Product/service characteristics: The product/service price may 
be set in accordance to  its value and importance to users, as well as 
the income levels of its target customers. Usually, a new product/
service in its early life cycle would sell  at a high price to allow the 
company to benefit from the product/service’s novelty.

3.	 Market place competiton:  Companies set product/service prices 
in reverse proportion to the level of competition in the marketplace. 
The level of competition refers to the number of direct compet-
itors, the number of indirect competitors marketing substitution 
products/services that offer similar value to customers, and the 
counterstrategies (e.g., speed and intensity) that these competitors 
may implement. Companies tend to set the product/service price 
high if the barriers to market entry are high. The barriers to mar-
ket entry depend on lead time and resources—technical and finan-
cial, patents, cost structure, and production experience. In addition, 
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products/services with inelastic price–demand characteristics tend 
to carry a high price. A product/service has inelastic price–demand 
characteristics if a large price increase induces a small change in 
the quantity of the product/service demanded in the marketplace.

4.	 Distribution and production capabilities: Service availability to 
consumers depends on the company’s product/service distribution 
capabilities. With strong distribution channels in place, companies 
may set the product/service price high, as quickly making products/
services available to consumers represents a competitive strength.

Sales volume impacts the company’s production experience. 
Companies with extensive production experience are known to pro-
duce products/services at a low unit cost. A lower product/service 
unit cost enables these companies to set a lower  price to gain mar-
ket share. The Boston Consultant Group studied manufacturing 
operations and discovered that there is a correlation between pro-
duction volume and product/service unit cost. For every doubling 
of the production volume, the unit cost is whittled down by about 
15 percent—or the 85 percent experience curve.

Companies with a faster time-to-market strategy are able to 
accumulate production volume  more quickly, attain a lower prod-
uct/service unit cost sooner, and sustain company profitability for 
longer periods of time.

5.	 Price–quality relationship: One important consideration in setting 
the product/service price is the perceived cost–quality relationship 
by customers. There is substantial evidence in business literature to 
indicate that customers tend to believe that “low-priced items cannot 
be good.” Price is perceived to be an important indicator of quality.

Therefore, product/service  prices should not be set too low. 
There is a price threshold below which customers may raise ques-
tions regarding the product/service quality, as indicated in Figure 
4.16. The demand curve “Quantity A” illustrates a normal price–
demand relationship in the absence of a price threshold, whereas 
the demand curve “Quantity T” contains a price threshold at about 
$30 per unit, below which the demand for the products/services in 
question starts to drop off as the perception of poor quality related 
to low price sets in.

6.	 Relative position of power: Products/services for consumers are 
typically marketed by a few major companies to a very large num-
ber of customers. On the other hand, for industrial products/services 
with high technological contents, the number of both producers and 
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customers may be limited. The greater the number of sellers there 
are available for a given product/service, the weaker will be each 
seller’s position in the marketplace. Similarly, the more buyers 
exist for a specific product/service, the weaker will be the buyers’ 
relative market position.

Less competition makes either sellers or buyers more power-
ful. The relative position power between buyers (customers) and 
sellers (producers) has an impact on product/service pricing, as 
illustrated in Figure 4.17. The final price offered by the sellers and 
accepted by the buyers is usually arrived at by a suitable negotiation 
or auction process.
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Figure 4.17.  Processes of setting product/service price.

Figure 4.16.  Price–quality relationships.

Price implication on quality

0
50

100
150

200
250
300

5 10 20

A

T

30 40 50
Price ($/unit)

Q
ua

nt
ity

 (u
ni

ts
)

QuantityT
QuantityA

Price
threshold



180   •   BUSINESS FUNDAMENTALS FOR ENGINEERING MANAGERS

If both buyers and sellers are strong—for example, when the 
US government (customer) procures fighter airplanes from the 
defense industry (producer)—a final price is typically reached by 
a negotiation made up of a series of offers and counteroffers. A 
typical pricing arrangement may be cost plus a fixed percentage of 
gross margins.

When the sellers are strong (e.g., selling an original master 
painting, a porcelain vase from the Ming Dynasty, or some other 
type of unique physical asset) and the buyers are weak, sellers tend 
to take advantage of their dominant supplier position by employing 
an auction. An auction is a bidding process by which buyers are 
forced to compete against each other by committing themselves to 
consecutively higher prices, with the final price being set by the 
highest winning bid.

If buyers are in a strong position (e.g., due to large transaction 
volumes), they force weak sellers to compete against each other in 
a reverse auction. A reverse auction requires the prequalified sell-
ers to submit increasingly lower bid prices within a fixed period of 
time. The lowest bid defines the final price and the ultimate winner 
of the sales contract.39 Some large companies employ such pricing 
tactics to purchase high-volume supply items such as computers; 
paper and pencils; tires; batteries; and maintenance, repair, and 
operations (MRO) goods.

Finally, when both sellers and buyers are weak, products/
services are usually not differentiable, and the  prices are highly 
depressed and fixed. Examples include various commodity prod-
ucts/services sold in retail stores. Some sellers (e.g., Land’s End) 
may activate a Dutch auction to compete. In a Dutch auction, 
sellers slash the product/service prices consecutively by certain 
percentage at a regular time interval (e.g., every week) until the 
products/services are sold or taken off the market. In this case, buy-
ers compete against other “sight-unseen” buyers to seize the lowest 
possible selling prices.

The Internet has made many of these pricing processes much more 
practical and efficient to implement.40 Because of its ability to allow  
sellers and buyers to rapidly reach other buyers and sellers, respectively, 
the Internet tends to weaken the relative power positions of both the sellers 
and the buyers, causing services to become increasingly commoditized, 
thus depressing product/service prices and intensifying competition.

Table 4.8 enumerates a number of other factors that have an impact on 
setting the product/service price.
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C. Pricing Methods

In setting product/service prices, companies broadly consider a number of 
factors and methods. Several of these methods are briefly discussed next.

1.	 Cost oriented: Some companies set prices by adding a well-defined 
markup percentage to the product/service cost. This is to ensure that 

Table 4.8.  Factors affecting service price

Factor Skimming Penetration

Demand Inelastic Elastic
Users know little about 
service

Familiar service

Market segments with 
different price elasticity

Absence of high-price 
segment

Competition Few competitors Keep out competition
Attracts competition Market entry easy
Market entry difficult

Objective Risk aversion Risk taking
Go for profits Go for market share

Service Establish high-volume 
image

Image less important

Service needs to be 
tested

Few technical service 
problems

Short service life cycle Long service life cycle
Price Easy to go down later Tough to increase later

More room to maneuver Little room to maneuver
Distribution and 
promotion

No previous experience Existing distribution 
system and promotion 
program

Need gross margin to 
finance its development

Financing Low investment High investment
Faster profits Slower profits

Production Little economy of scale High economy of scale
Little knowledge of  
costs

Good knowledge of costs
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all products/services sold will generate an equal amount of contri-
bution margin to the company’s profitability:

Price = cost + markup (e.g., 35 percent of cost)	 (4.1)

Cost-plus contracts are often used for industrial products/services 
related to R&D, military procurements, unique machine tools, and 
others. Small sellers use cost-plus pricing to ensure a fair return 
while minimizing cost factor risks. Larger buyers favor this type 
of pricing so that they can push for vendor cost reduction via expe-
rience. Larger buyers may optionally offer to help absorb the cost 
risks related to inflation.

Often, sellers and buyers enter a target-incentive contract, 
which prescribes that, if actual costs are lower than the contract 
costs, sellers and buyers split the savings at a specific ratio. On the 
other hand, if the contract costs are exceeded, then both parties pay 
a fixed percentage of the excess; the buyers pay no more than a 
predetermined ceiling price.

2.	 Profit oriented: Other companies prefer to require that all products/
services contribute a fixed amount of profit. This pricing method 
ensures that sellers realize a predetermined return-on-investment 
(ROI) goal:

Price = cost + profits (e.g., in terms of ROI)	 (4.2)

3.	 Market oriented: Some companies set prices of certain industrial 
products/services, such as those requiring customization, to what 
the buyers are willing to pay. For example, the companies strive 
to negotiate for the highest price possible and take advantage of 
the fact that product/service and pricing information may not be 
easily accessible. The continued advancement of Web-based com-
munication tools tends to make information just one click away, 
rendering this type of pricing method no longer practical in today’s 
marketplace.

Companies may also price the products/services slightly below 
the next-best alternative products/services available to the cus-
tomer. The companies that have exhaustively studied the next-best 
alternative products/services available to their customers garner 
advantages in price negotiations.

Competitive bidding is used often by governments and powerful 
buyers. Usually three bids are needed for procurements exceeding 
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a specific dollar value. Sealed bids are opened at a predetermined 
date, and the lowest bidder is typically the winner. Some industrial 
companies may engage in negotiated bidding, wherein they con-
tinue negotiating with the lowest one or two bidders for additional 
price concessions after the bidding process (e.g., a reverse auction) 
has been completed.

Value-added pricing—Companies with extensive application 
know-how related to their industrial products/services may set  
prices in proportion to the products/services’ expected value to the 
customer. The product/service’s value to the customer depends on 
the realizable improvement in quality, productivity enhancement, 
cost reduction, profitability increase, and other such benefits attrib-
utable to the use of the product/service in question. Producers set 
the  prices high if there is a large value added to the customer by the 
use of their products/services.

4.	 Competition oriented: A common pricing method is to set prices 
at the same level as those charged by the competitor. Doing so 
induces a head-on competition in the marketplace. In oligopolis-
tic markets (typically dominated by one or two major producers 
or sellers and participated by several other smaller followers), the 
market leader sets the price.

One well-known example of a competition-oriented pricing 
practice is target pricing. Target pricing was initiated and applied 
by many Japanese companies. Some American companies have 
now started to successfully apply this method. The process of target 
pricing (see Figure 4.18) is as follows:
(a)	Determine the market prices of products/services that are 

similar or equivalent to the new product/service planned for 
introduction by the company. Find all product/service attri-
butes customers may desire. This is usually accomplished by 
a multifunctional team composed of representatives of such 
disciplines as design, engineering, production, service, reli-
ability, and marketing. Select a product/service price (e.g., at 
80 percent of the market price) that makes the company’s new 
product/service competitive in the marketplace. This is then 
the target product/service price.

(b)	Define a gross margin that the company must have in order to 
remain in business.

(c)	Calculate the maximum cost of goods sold (CGS) by subtract-
ing the gross margin from the target product/service price. This 
is the target product/service cost, which must not be exceeded.
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(d)	Conduct a detailed cost analysis to determine the costs of all 
materials, parts, subassemblies, engineering, and other activi-
ties required to produce the new product/service. Usually, the 
sum of these individual costs will exceed the target product/
service cost previously defined.

Apply innovations in product/service design, manufactur-
ing, procurement, outsourcing, and other cost-reduction tech-
niques to bring the CGS down to or below the target product/
service cost level.

(e)	Initiate the development process for the new product/service 
only if the target product/service cost goal can be met.

The target pricing method ensures that the company’s new product/service 
can be sold in the marketplace at the predetermined competitive price, 
with features desired by consumers, to generate a well-defined profit-
ability for the company. This method systematically evaluates low-risk, 
high-return investment opportunities because it forces the company to 
invest only when the commercial success of the service is more or less 
assured. Furthermore, it also focuses the company’s product/service inno-
vations on finding ways to meet specific and well-defined target  cost 
goals. It avoids the potential of wasting its precious intellectual talents 
and financial resoruces in chasing ideas with no practical value.

Numerous companies use the pricing methods just discussed. Product/
service prices are usually set by the marketing department in consultation 
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Value engineering

Prototyping

Facilities

Performance

Figure 4.18.  Target pricing.
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with business managers. Engineering managers are advised to become 
aware of these methods, but to defer pricing decisions and related discus-
sions to the marketing department.

D. Pricing and Psychology of Consumption

Recent studies indicate that buyers are more likely to consume a product/
service when they are aware of its cost. The more they consume, the more 
they will buy again and thus become repeat customers. One useful way to 
induce them to repeatedly consume the product/services is to remind them 
of the costs committed through the choice of payment methods. This is 
based on the assumption that the more often the customers are reminded 
of the payments, the more they feel guilty if they do not fully utilize the 
products/services they have paid for.

It was pointed out in the literature that time payment will better induce  
regular consumption of a product/service than lump-sum prepayment (e.g., 
prepaid season tickets) at the same total value.41 This is because the time 
payments remind the buyers of the costs periodically and thus invoke the 
sunk-cost effect on a regular basis. The psychology of the sunk-cost effect 
is that consumers feel compelled to use products/services they have paid 
for to avoid the embarrassing feeling that they have wasted their money.

Credit card payments are less effective in inducing consumption than 
cash payments because cash payments require the buyers to take out cur-
rency notes and count them one by one; thus, they experience the “pain” 
of making payments.

In price-bundling situations, the more clearly the individual prices of 
products/services are itemized, the better the perceived sunk-cost effect 
will be. Breaking down large payments into a number of smaller ones, 
thus clearly highlighting the costs of individual products/services sold in 
the bundle, can enhance this effect.

Studies of membership rates at commercial wellness and fitness cen-
ters support this logic. It has been well documented that those members 
who pay the membership fees once a year use the facilities only occa-
sionally. These members are the least likely to renew, in comparison with 
those who pay on a monthly basis. Similar observations are made in sports 
events in which holders of season tickets show up less frequently than 
those who buy tickets for specific sets of events.

These examples point out that companies can induce customers to 
become repeat customers by focusing on ways of encouraging consump-
tion. Only consumption lets customers experience the benefits of the prod-
ucts/services they have purchased. Without such favorable experience, 
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they may not feel that they have good reasons to buy the products/services 
again in the future. Hence, besides providing a good bundle of value made 
up of price, product/service features, convenient and efficient order pro-
cessing and delivery, and quick-response after-sales services, companies 
should devise ways to stimulate consumption as a strategy to cultivate and 
retain repeat customers.

Example 4.6

The company has been selling a number of services to customers. It is 
about to launch a new service with features far superior to any services 
currently in the market. One option is to price this new service at a large 
premium above the current price range so that its  heavy development 
expenses can be readily recouped. The other option is to set the price com-
parable with the existing range in order to retain customer loyalty. What is 
your pricing advice to the company?

Answer 4.6

Hold a focus group to find out the potential response of customers to the 
new service’s features. Are these features of real value to them? How much 
more are they willing to pay for these features? Exciting new features 
from the manufacturer’s viewpoints may not be as exciting to customers. 
Should customers appreciate the new features, then it is advisable to apply 
the skimming strategy and set a high price for the new service. This is also 
the principle of value pricing. Furthermore, doing so will avoid “cannibal-
izing” the existing services of the company.

An efficacious promotional campaign is essential to heighten ser-
vice awareness. Keep monitoring the response of the market. If the mar-
ket response is poor, cut down the service price slowly to induce more 
demand.

4.5.3  PROMOTION (MARKETING COMMUNICATIONS)

Regarding promotion and communication, companies consider strate-
gies of product/service and brand promotion, options to use a push–pull 
strategy, selection of advertising media, and the choice of promotional 
intensity. These considerations ensure that the selected means for com-
munication are compatible with the characteristics of the target market 
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segments. Marketing communication is intended to make the target cus-
tomers aware of the features and benefits of the company’s products/ser-
vices. Promotion needs to follow a well-planned process (see Figure 4.19) 
by defining who says what to whom, in what way, through what channel, 
and with what resulting effects.

A. Communication Process

Companies select communicators who are publicly recognized and have 
trustworthy images, as these speakers tend to induce public acceptance 
of their messages. Examples include Scarlett Johansson for SodaStream, 
Stephen Colbert for pistachios, Ben Kinsley for F-Type Coup of Jag-
uar, and Arnold Schwarzenegger for Bud Light (see 2014 Super Bowl 
30 seconds commercials costing $4 million each).

Messages may be in various forms including slogans. A slogan is a 
brief phrase used to get the consumer’s attention and acts as a mnemonic 
aid. Successful slogans typically represent a symbolization of product/
service features in terms of the customer’s wants and needs (such as infor-
mation, persuasion, and education). Examples include “Ring around the 
collar,” “Where’s the Beef?” “You are what you know,” “One investor at 
a time,” and Chrysler’s “Imported from Detroit.”

Channels of communication are specific avenues  to foster market 
communications. In general, there are two types of channels of commu-
nications: the marketer controlled and the consumer controlled. The mar-
keter-controlled channels include advertisements placed in trade journals, 
national television programs, distribution of specific service brochures, 
promotion by technical salespeople, industrial exhibitions, and direct-mail 
marketing. The consumer-controlled channels include interpersonal com-
munications by word of mouth, news reports, and other  sources of infor-
mation perceived to contain no conflicts of interest.

Message

Channel AudienceCommunicator

Feedback

Figure 4.19.  Marketing communications.
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The audience is the target for marketing communications. When 
selecting communication channels to reach specific consumer segments, 
the segments’ characteristics, media habits, and service knowledge must 
be taken into account. Segments’ characteristics include socioeconomic 
status, demographics, lifestyle, and psychology. For industrial customers, 
segment characteristics include big versus small firms, large versus small 
market shares, and stable versus unstable financial position. Media habits 
point to sources of information preferred by the customers (e.g., types of 
magazines and TV programs). Product/service knowledge is the consum-
ers’ understanding and appreciation of the values offered by the product/
service packages.

Some companies invest a considerable amount of efforts  into edu-
cating their consumers. A case in point is the known practice of some 
drug companies of sponsoring large-scale clinical studies conducted by 
universities and other independent organizations. The purpose of such 
funded studies is to produce results for publication in technical journals 
from which consumers gain product/service knowledge in ways preferred 
by the sponsoring drug companies.

The impact of marketing communications on products/services may 
be short term or long term. The short-term impact is related to recall, rec-
ognition, awareness, and purchase intention with respect to the products/
services in question. The long-term impact is reflected in the purchase by 
customers and brand loyalty with repeat purchase. Several factors influ-
ence the effectiveness of marketing communication, such as timing, price, 
product/service availability, responses by competition, product/service 
warranty conditions, and support service.

Marketing communication brings about heightened product/service 
awareness. An improved familiarity with the product/service induces more 
people to buy the offerings at the current price, thus causing an up-shift of 
the product/service demand curve (as illustrated in Figure 4.20).

Figure 4.20.  Uplift of demand curve.
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B. Promotion Strategy

Product/service promotion may be pursued by either causing the consum-
ers to want to pull the products/services from the supply chain or pushing 
the products/services to the consumers through the supply chains. Many 
companies practice both strategies.

In a pull strategy, the consumers go to retail stores to query about the 
products/services because they have been informed of their  values by 
advertisements and other promotional efforts of the sellers. In this case, 
the product or service is presold to the consumers, who practically pull the 
product/service through its distribution channels (see Figure 4.21).

In exercising a push strategy, sellers introduce incentive programs (e.g., 
factory rebate, sales bonus, telemarketing, door-to-door sales, or discount 
coupons) to push products/services onto the consumers. Figure 4.22 illus-
trates the push strategy. Table 4.9 compares these two promotional strategies.

C. Promotion of High-Tech and Consumer Products/Services

High-tech and consumer products/services are promoted differently. To 
bring the most convincing marketing messages to the intended users, 

Channels
(wholesalers/

retailers,
discount
stores,
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Product/
service

Customer

Direct
advertising

to customers
(PULL)

Figure 4.21.  The pull strategy.

Figure 4.22.  The push strategy.
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marketers for high-tech and consumer products/services use different 
channels. Table 4.10 summarizes the major differences in tactics applied 
in marketing these products/services.

D. Internet-Enabled Communication Options

Communications among sellers, intermediaries (e.g., distribution partners), 
and buyers have been significantly enhanced by the Internet.42 Figure 4.23 
presents four specific modes of communication.

Manufacturers and suppliers usually set up the intranet to communi-
cate with intermediaries (business to business, or B-to-B). Intermediaries 
may create their own websites and other tools to communicate with cus-
tomers in a business-to-customer (B-to-C) mode. A direct communication 

Table 4.9.  Comparison of pull and push promotional strategies

Marketing factors Push Pull

Communication Personal selling Mass advertising
Price High Low
Service’s need of special support High Low
Distribution Selective Broad 

Table 4.10.  Promotion of products/services

Promotion factors High-tech offerings Consumer offerings

Marketing costs Low High
Consumer segments More Less
Focus More Less
Advertising Less important More important
Marketing channels Trade shows TV

User groups Print media
Trade journals Internet
Internet Radio

Brand Important Critically important

Source: Ward, Light, and Goldstine (1999).
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among manufacturers, suppliers, and customers can be readily fostered by 
the company’s websites, call centers, and other means for order processing, 
inquiry coordination, problem solving, and additional mission-oriented 
activities such as customer surveys, focus groups, and service testing.

The virtual market is a segment of the Internet domain wherein third-
party portals (e.g., Google™, Yahoo®, and other search engines), auction 
sites (e.g., eBay®), and eMarketplace (e.g., ChemConnect®) actively pro-
vide channels to access information useful to all parties involved (e.g., 
manufacturers, suppliers, intermediaries, and customers).

In the B-to-B markets, businesses buy essentially two kinds of goods 
from other businesses: manufacturing inputs (raw materials, equipment, 
and components) and operational inputs (MRO goods, office supplies, 
spare parts, travel services, computer systems, cleaning, and others). They 
procure these goods and services by systematic sourcing or spot sourcing. 
Electronic hubs provide the useful functions of aggregation and matching.

E. Contextual Marketing

Companies invest efforts into creating websites that offer product/ser-
vice information and facilitate sales transactions. However, studies show 
that these efforts have not yet returned the high profitability generally  
anticipated from such a marketing approach. The basic reason is that it 
remains unpredictable how frequently new and repeat customers visit 
these websites and then actually place orders there.

A new way of thinking is offered by Kenny and Marshall,43 who 
suggest that the focus of e-commerce should be shifted from contents to 

B-to-B

B-to-C

Manufacturer/
supplier

Customers

Intermediary

Virtual marketDirect

Figure 4.23.  Modes of communications enhanced by the Internet
Source: Leverage Web for Corporate Success (1999).
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context. They believe that contextual marketing (i.e., bringing the mar-
keting message directly to the customer at the point of need) is the key. A 
number of contextual marketing examples are described next.

Johnson and Johnson’s banner advertisements for Tylenol® (an over-
the-counter pain-killing drug) show up on e-brokers’ websites whenever 
the Dow Jones Industrial Average fails by more than 100 points on a given 
business day. They anticipate that investors will have headaches and thus 
will need Tylenol when they see their stocks lose money. The marketing 
message is brought out in the correct context as a way to reinforce its rele-
vance and to offer transactional convenience at the right time.

CNET and ZDNET websites attract diverse visitors interested in 
computers. Instead of placing banner advertisements in these CNET and 
ZDNET sites to redirect visitors to its own website, Dell offers product 
information directly within the CNET and ZDNET websites. Dell piggy-
backs on CNET’s and ZDNET’s relationship with its computer-savvy cus-
tomers in order to promote Dell’s own customer-acquisition economics. 
Doing so holds the customer’s attention on computer design and offers 
competitive design choices and speedy order processing at the optimal 
moment. Here, the tactic used by Dell is to insert itself into a preexisting 
customer relationship at the right time and place.

Several search engines (e.g., Google, Yahoo, AOL®, MSN®, Lycos®, 
AltaVista™, and HotBot) practice contextual marketing. When a user con-
ducts a keyword search, the output is typically placed in a left-aligned col-
umn under the heading “Matching Sites” and rank ordered according to hit 
frequency. Frequently,  several items under the heading “Sponsored Links” 
are placed on top of the “Matching Sites” column. These are paid advertise-
ments related to the keywords entered by the user. They are there to offer 
contextual marketing messages relevant to the expressed interest of the user.

As Web-based technologies continue to advance, the Internet will 
become more accessible by many more users from almost anywhere and, 
at any time, causing them to become overwhelmed by information and 
choices. Bringing the right marketing information to the customer at the 
point of need is likely to become a critical success factor for various com-
panies in marketing communications.

F. The Proper Approach to Communicate

In general, there are three ways to promote products or services: mass 
advertising, marketing to segment of one, and middle of the road 
marketing.44
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1.	 Mass advertising: People resent being exposed to mass advertis-
ing, which often is unconnected to their lives or interests. In a recent 
survey, two-thirds of respondents said that they felt constantly 
bombarded by advertisements and 50 percent of them said that the 
advertisements they saw had little or no relevance to their lives. 
More than 60 percent of respondents look forward to new tech-
nologies that would block advertisements. At present, people use 
a number of tactics to avoid mass advertising. Examples include:
(a)	Use on-demand technology or digital video recorders to fast-

forward through advertisements or to skip them completely.
(b)	Use mobile devices to download versions of popular shows free 

of commercials..
(c)	Internet users use software to block annoying spam mails and 

pop-up advertisements.
(d)	Use answering machines, caller ID, and the ”Do Not Call” reg-

istry to avoid unsolicited phone interruptions at home.
	 The future does not look good for mass advertising.
2.	 Marketing to segment of one: The other extreme is one-to-one 

marketing by offering customized products and services through 
targeted outreach to micro-segmented customers of high value.  
This “marketing to segment of one” approach requires a significant 
upfront investment, including (a) implementing customer relation-
ship management software applications; (b) filtering, enhancing, 
and cleaning customer data; and (c) personalizing interactions—
email, billing, offers, etc. These activities take time and coordi-
nation from multiple units of the organization (e.g., marketing, 
customer services, sales, IT), which can be daunting. What happens 
if the individual does not open the envelopes, pick up the phone 
or click on a box? The customers’ concerns around privacy issues 
must also be taken into account.

3.	 Middle of the road approach: This approach targets broad groups 
of customers with messages that cannot be turned off. For example:
(a)	Catch people in the bottlenecks in public space: Target cus-

tomers in the “bottlenecks,” these are places where they cannot 
help but pay attention, such as riding in an elevator (wireless 
screens), a taxi (backseat video screen), an escalator (revolving 
stairs), flying from one city to another (in-flight movie chan-
nels, in-flight magazines, advertisements wrapped on airline 
tray tables), or using a public restroom (stall-mount messages). 
People see taxi rooftop screen showing nearby stores and 
restaurants, when the roving taxi is global positioning system 
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(GPS)-linked. The focus is on attracting the attention of an 
on-the-go but temporarily captive audience.

(b)	Use a Trojan Horse: Advertise on frequently encountered 
materials such as paper coffee cups, paycheck stubs, pizza box 
advertising, take-out food containers, and garbage truck adver-
tising. This advertising strategy is to infiltrate private spaces 
with mobile commercials. 

(c)	Target people at play: An example is to program the GPS of 
golf carts to alternatively show the golf course and selected 
advertising materials. The strategy is to reach people while they 
are pursuing  leisure activities. 

(d)	Get people to play games: Display interactive posters in 
public spaces (e.g., malls, bus stations, and airports) so that 
customers can try out the products (e.g., MP3 players). The 
focus here is to engage people in ways that require them to 
interact physically with an advertisement or product marketing 
communication. Such a communication strategy would  require 
a high degree of innovativeness to reach customers while pur-
posefully challenging them.

Example 4.7

The company wishes to sell its current service to a new market segment. 
At the same time, it wants to launch a new service in the existing market 
segment. How should the company handle the service promotion?

Answer 4.7

To promote the company’s current service in a new market segment, select 
advertisement media suitable for the new segment (e.g., services exhi-
bitions, magazines, newspapers, etc.). To be emphasized are (a) favor-
able data such as customer satisfaction records, and response; (b) value 
addition; (c) current market share in other sectors; and (4) brand names 
established.

To launch a new service in an existing market segment, use current 
sales channels to cross-sell. Other steps include (a) training sales people, 
(b) preparing suitable sales literature, (c) setting up a service organization, 
(d) advertising in known mediums used in the past, and (e) offering incen-
tives to push the new service.
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4.5.4  PLACEMENT (DISTRIBUTION) STRATEGY

The placement (distribution) strategy defines issues  such as (a) the prod-
uct/service delivery options of an intensive, exclusive, or selective distri-
bution system; (b) the company’s relationship with dealers; and (c) the 
timely adjustments in distribution systems. Distribution assures that the 
right product/service is delivered at the right place and at the right time.

Numerous organizations are involved in moving products and ser-
vices from the points of production to the points of consumption. As indi-
cated in Figure 4.24, some companies may engage intermediaries (e.g., 
wholesalers and retailers) to distribute their products/services, while oth-
ers may choose to interact directly with their customers.

Distribution channels serve a number of very useful functions, and 
these include: (a) transportation: overcoming the spatial gap between 
the producer and the users; (b) inventory: bridging the time gap between 
production and usage; (c) allocation: assigning quantity and lot size; 
(d)  assortment: grouping compatible products/services for the conve-
nience of users, since technical representatives may sell several service 
lines concurrently; (e) financing: facilitating timely possession of ser-
vices; and (f) communication: providing product/service information to 
and feedback from consumers.

In recent years, distribution channels for some product/service ven-
dors  have experienced significant changes due to upgraded logistics, trans-
portation technologies, and advancements in communication technologies. 
For example, the Internet has enabled many producers to deliver digitized 
services—books, newspapers, magazines, music programs, video games, 
and travel services—directly to consumers, thus bypassing the traditional 
intermediaries. Because of the use of sophisticated websites from which 
extensive product/service catalogs may be accessed, retail stores have 

Wholesalers Retailers

CustomerDiscounters
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Customer

CustomerProduction

Production

Production

Figure 4.24.  Distribution channels.
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also lost some of their traditional importance in selling physical goods—
clothing, cars, appliances, and so on.

Furthermore, logistic companies such as the United Parcel Service 
(UPS) are constantly improving their transportation capabilities and satel-
lite-based communication system technologies in order to deliver physical 
goods anywhere in the world, while allowing their customers to constantly 
track the status of their orders.

Warehouse design is expected to increasingly involve gantry robots 
and complex process optimization for constantly improving the efficiency 
of automated high-volume operations.

A. Types of Distribution

Traditionally, distribution is classified as intensive, exclusive, or selec-
tive. In intensive distribution, products are stocked in diverse outlets, such 
as hardware stores, department stores, and catalog rooms, for wide dis-
tribution. This type of distribution is particularly suitable for consumer 
products of low technology and differentiation features. Examples include 
films, calculators, electric fans, books, and compact disks.

With exclusive distribution, certain products/services are distributed 
only through exclusively designated outlets. This allows producers to 
retain more control over price policy, promotion, credit, and service, as 
well as to enhance the image of the products/services. Examples include 
dealerships for specific cars and qualified service centers for brand-name 
investment services (e.g., Fidelity, Vanguard, etc.).

The selective distribution is suitable for certain other products, the 
sales and service of which require special technical know-how and train-
ing. Examples include electronic instruments, high-tech equipment, insur-
ance brokerage, custom software, and others.

B. Organizational Structures

In order to enhance distribution effectiveness, some companies elect to 
exercise more control over the supply chain by integrating forward. Oth-
ers have elected to integrate backward.

Forwardly integrated organizations strive to control the distribution 
channels leading to the customers. For the purpose of securing a larger 
market share and exercising more direct control, a producer may attempt 
to build his own retail outlets. Doing so allows the producer to gain a 
direct access to customers and thus benefit from their feedback.
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On the other hand, backwardly integrated organizations seek to control 
the value chain leading backward to production. For example, some retailers 
or wholesalers may attempt to own specific production facilities or to out-
source production for creating private-label products in order to market them 
with their own brand names, reduce costs, ensure supply, and control quality.

C. Impact of E-Commerce on Distribution

The Internet has significantly modified the traditional classifications of 
distribution. Many consumer services, as well as certain high-technology 
services, are now marketed directly through the company’s websites, 
including order processing and after-sales services. As a consequence, many 
intermediate companies currently involved in distribution—wholesalers, 
discounters, and some retail stores—are gradually being forced out by the 
Internet-enabled e-commerce companies and by the increased involvement 
of efficient and fast-responding logistics providers.

One immediate impact of e-commerce is a possible reduction of the 
final product/service price and service delivery schedule, both of which 
are beneficial to end users.

Example 4.8

Customers’ wants and needs are regionally different for products/services 
intended for global markets. How can a centralized, concurrent engineer-
ing team develop a product/service that will serve as the common “plat-
form” for global markets?

Answer 4.8

Insofar as products are concerned, one option is to segregate the mechanical 
aspects (functionality) of the products from their aesthetic aspects (look and 
feel). General Motors is accomplishing this challenging objective by

A.	 Building identical assembly plants for Buick® cars at four global 
locations;

B.	 Outsourcing major subassemblies to local industries to lessen 
import duties and to satisfy local content laws;

C.	 Standardizing the technical specifications so that parts supplied by 
one region can be readily rerouted for use by another, in order to 
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balance loads due to market demand, labor disputes, governmental 
regulations, and other unpredictable events;

D.	 Modifying design to account for local market conditions relative 
to cultural preference (e.g., car names in local languages, styling 
preferences, purchase habits, colors, etc.);

E.	 Retaining centralized concurrent engineering approach to facilitate 
global business strategy and scale of economy, while being flexible 
enough to adjust to local needs.

With respect to services, the option could be to centrally develop and 
specify the core service element that contains novel and strategically dif-
ferentiable features. This core service element is then supplemented by 
support elements (e.g., payment methods, delivery, information access, 
order processing, billing, exception, customer support, etc.), which are 
made locally adjustable.

Example 4.9

The company plans to enter a new global market. It has three services 
currently selling well in its home country. The company’s brand name is 
strong and internationally well recognized.

Current market research indicates that the segments for these three 
services in the targeted global market are of different size, growth rate, 
and profitability for the foreseeable future. Other service characteristics 
are included in Table 4.11.

Which one service should be selected to penetrate the targeted global 
market? Why? If the company has the required resources to market all 

Table 4.11.  Product characteristics

Service A Service B Service C

Segment size (dollars) Small Medium High
Segment growth rate Medium Medium Low
Profitability High High Medium
Service value to customers High Medium Medium
Brand strength High High High
Delivery/distribution efficiency Low High Medium
After-sales support activities Medium Medium High
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three services in the targeted global market, in what priority order should 
the company proceed?

Answer 4.9

To enter a global market, the company must examine two key questions: (a) 
How attractive is the target market segment to the company, and (b) how 
acceptable is the service offered to the customers in the target segment?

The attractiveness of a market segment to a company is generally 
defined by three factors: segment size, segment growth rate, and profit-
ability. By using the information presented in Table 4.11, it becomes clear 
that the ranking based on “attractiveness” should be Service B first, with 
Service A and C sharing the second spot.

How acceptable the company’s service is to the customers depends 
on the service value as perceived by the customers, the brand strength of 
the product, the delivery or distribution efficiency that affects the service’s 
availability to the customers, and the ease with which customers obtain the 
needed after-sales support activities. Based on the “acceptability” crite-
rion, the ranking of these products is Services B, C, and A.

Since both the “attractiveness” and “acceptability” criteria are equally 
important, we need to come up with a combination ranking, which says 
that the company should select Service B as its first choice to enter the 
global market, followed by Service C and then Service A.

Example 4.10

What are the bases for tradeoffs between conflicting wants and needs of 
different customers with respect to the same product? How important is 
it to emphasize product/service quality when a new and unique product/
service is launched?

Answer 4.10

Customers make the following typical trade-offs:

1.	 Quality versus price;
2.	 Common features versus customization;
3.	 Automated self-service versus personalized attention;
4.	 Technical functionality versus styling and other aesthetic values
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When launching a unique new product/service, quality is secondary to 
time to market and price. Thus, relatively speaking, it is not advisable to 
strive for high quality if doing so will delay the market entry and raise the 
product/service price. The strength of a unique new product/service lies 
in its novelty.

4.5.5  PHYSICAL EVIDENCE

The physical evidence refers to the physical setting (e.g., store front design, 
lobby appearance, layout and color, dress of service staff, ages of service 
equipment, print quality of service brochures, etc.) that has an impact on 
customer experience. Customers form a brand image of the product/ser-
vice vendor by observing these physical evidence factors and by judging 
the extent to which these factors meet or exceed their expectations.

Apple is building a space-ship like headquarters at Cupertino, 
California, to promote its corporate image. McDonald’s and Citibank 
design their retail branches to look and operate the same way in most 
locations.

4.5.6  PROCESS DESIGN

The process design specifies the applicable operations policies and work 
procedures to effectively serve the customers as related to order process-
ing, logistics, inventory planning, franchising policy, sales training, pro-
cedures of delivering products/services, and the empowerment enjoyed 
by the customer-facing staff regarding problem solving. Customers gain 
an overall impression regarding the extent of the process being customer- 
focused.

4.5.7  PEOPLE

The people represents the key factor influencing customer experience, 
which is affected by the attitude, knowledge, and helpful and considerate 
behavior of the customer-facing service staff. Many people are directly or 
indirectly involved in the production and consumption of products/services 
(e.g., knowledge workers, employees, management, and other custom-
ers), who may add to the value of the product/service offerings. Following 
the Value Profit Chain model,45 recruiting the right customer-facing staff, 
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providing proper training in interpersonal skills, aptitude, and product/ser-
vice knowledge, empowering them to take care of customers, and com-
pensating them well are all essential strategies  toward achieving customer 
satisfaction and corporate profitability.

To create favorable impression, companies also pay attention to dress 
codes. Singapore Airlines have maintained the same elegant uniform for its 
stewardesses for 25 years. Workers at McKinsey & Company are known to 
follow strict dress codes when meeting with business clients. Aeroflot, the 
Russian airlines, is known to have achieved great service improvement by 
having trained its flight attendants to memorize dialogs of pleasantries and 
reinforce rules on smiling, when interacting with customers, and to effec-
tively replace the scouts, the cold shoulders, and the wordless encounters 
inherited from the traditional Russian culture.

Example 4.11

In this chapter, we talked about the marketing mix (seven Ps), which 
include (1) product/service, (2) price, (3) promotion (communications), 
(4) placement (distribution), (5) physical evidence, (6) process, and 
(7) people.

When marketing products, it is usually sufficient to focus on the first 
four of these seven marketing elements. On the other hand, all seven mar-
keting elements are deemed important when marketing services. What are 
the underlying reasons for the last three (e.g., 5, 6, and 7) marketing ele-
ments to be particularly important for marketing services?

Answer 4.11

Companies address all seven marketing elements (seven Ps) when market-
ing services. The principal reason for this is that service (e.g., health care, 
business consultation, financial services, leisure and travel, insurance, 
and others) requires a much higher degree of customization in the pro-
cess of specifying, producing, delivering, and offering after-sales services 
than products (e.g., automobiles, computers, appliances, etc.). Because of 
these service-specific characteristics, customers are exposed to the ven-
dor’s performance in (a) physical evidence, (b) process, and (c) people to 
a much greater extent, making these elements more important in affecting 
the customer’s experience, than in marketing products.
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Thus, to be customer focused, service companies pay more atten-
tion to (a) physical evidence related to facility design, office layout, and 
employee uniforms; (b) processes in problem solving and conflict resolu-
tions affecting customers; and (c) people by choosing, training, and mon-
itoring customer-facing staff to assure friendliness and customer-centered 
attention.

Example 4.12

A company makes a range of services and sells to several large, loyal cus-
tomers to achieve a healthy market share. A new competitor has emerged 
to offer equivalent services at much lower prices. How should the com-
pany respond to this new threat?

Answer 4.12

The company has some short- and long-term options to deal with this 
potential threat to its market share position.

A.	 Short-term options
1.	 Slash the service prices to a level lower than those offered by the 

new competitor for the sole purpose of driving the competitor 
out of the market. If the company’s financial staying power is 
strong and the resolve is firm, the competitor may fold shortly 
thereafter.

2.	 Establish a second brand—selling at the same price offered by 
the competitors so that there is no reason for the company’s cur-
rent loyal customers to switch. This strategy preserves the qual-
ity image of the first brand for the company.

3.	 Add value by increasing customer relations management efforts 
to increase the switching costs (e.g., setting up Extranet, direct 
order line and programs, and special service personnel devoted 
to major customers).

B.	 Long-term options
1.	 Revise service specifications to create differentiation in service 

features by closely listening to customers.
2.	 Explore global sourcing opportunities to decrease cost, hence 

price, without diminishing service quality.
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4.6 C USTOMERS

Customers are important to any product/service company. Company’s 
marketing program needs to focus on the targeted customer segments, 
understand them, practice the right techniques to acquire them,  create 
emotional bond with them, improve interactions and enhance their  loy-
alty, and continue to expand the number of satisfied customers by securing 
useful feedback.

4.6.1  CUSTOMER FOCUS

Customer focus is aimed at knowing the real needs of customers, in past, 
present, and future. It requires the collaboration of many employees as 
well as a functioning support organization to make it happen. Based on a 
study of the Royal Bank of Canada case,46 a four-stage coordination pro-
cess was suggested for service companies to become customer focused: 
(a) communal, (b) serial, (c) symbiotic, and (d) integral coordination; see 
Table 4.12.

Getting close to customers  is a journey the entire company must 
take, not just the marketers and customer-facing staff. It requires corporate 
leadership and commitment to get useful results.

4.6.2  CUSTOMER ACQUISITION IN BUSINESS MARKETS

The benefits derived by gaining loyal customers may be classified into  
four categories.

1.	 Tangible financial benefits
2.	 Non-tangible financial benefits: conducting pilot projects, mon-

ey-back guarantees for nonperformance, pay-for-performance con-
tracts

3.	 Tangible nonfinancial benefits: corporate reputations, global scale, 
innovation capabilities,

4.	 Non-tangible nonfinancial benefits: something the vendor does extra 
for consumers to enhance convenience and customer relationship. 

According to Narayandas,47 companies must be on par with rivals on tan-
gible financial benefits to acquire customers. They need to use tangible 
nonfinancial benefits to differentiate, shift customers’ focus from tangible 
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benefits to nontangible nonfinancial ones (e.g., free services that reduce 
customers’ operating expenses and suggest ways to make customers’ pro-
cess more efficient, thus earning the trust of the customers).

Consumer markets and business markets are quite different. Table 4.13 
shows the difference.

When marketing to business customers, companies need to know that 
business decisions are typically made by a team of people. Each team 
member could have one or more specific needs. Knowing who these peo-
ple are and what each of them is looking for is of critical importance to the 
vendor. The vendor must become sensitive to these needs and be prepared 
to address all of them adequately.

4.6.3  MOMENTS OF TRUTH IN CUSTOMER SERVICE

The “Moments of Truth” are time points when a customer invests a sig-
nificant amount of emotional energy in the outcome of a product/service 
transaction with vendors. Examples of such moments include the follow-
ing: (a) customer has a problem—encountering an unexpected difficulty 

Table 4.13.  Differences between consumer and business markets

No. Characteristics Consumer markets Business markets

1 Segmentation of 
market branding

Critical Not important— 
“segment of one”

Important Not important 
Focus of 
communication 

Novelty of features Solving customers’ 
specific problems

2 Number of buyers Large Small
3 Transaction value Small Large
4 Production Mass production Customized to 

individual needs
5 Value Customer’s 

perception
Defined by 
customer’s usage

6 Sales process Brief Elaborate (long and 
complex)

7 Retailing strategy Important Not important
8 Focus of sales 

efforts 
End users Group of decision 

makers

Source: Narayandas (2005).
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in applications, receiving a hold on a check, and so on; (b) customer has 
a need to get a quick answer; and (c) customer receives financial advice 
(good or bad), and other advice. If these moments are handled positively, 
customers are likely to create an emotional bond with the vendor and 
subsequently increase their future commitment to the vendor’s products/
services. Studies48 show that the customer experience related to other hum-
drum product/service interactions, which involve un-elevated emotional 
energy, is of little consequence.

Management must therefore support and develop front-line staff to 
enable them to handle such “moments of truth” by way of empowerment, 
nurturing the right service mindsets, and acquiring the needed service 
knowledge, while de-emphasizing the efficiency improvement of other 
humdrum transactions. Developing deeper and long-lasting relationships 
with customers is key to assuring long-term profitability.49

4.6.4  CUSTOMER INTERACTIONS AND LOYALTY

The interactions between customers and companies play a very import-
ant role in securing marketing success. Creating a pleasant experience for 
customers (e.g., in order processing, service information dissimilation, 
inquiry coordination, problem solving, after-sales service, and market sur-
veys) is crucial for customer retention. Winning customer cooperation in 
offering much-needed feedback is vital to the company’s new product/ser-
vice development. Management of customer relations is thus an important 
corporate responsibility.

Some lessons from the past are noteworthy. Customer interactions 
are not limited to marketing. Many other functions of the company are 
involved, including product/service design, accounts receivable, legal, 
engineering, manufacturing, and shipping. Empowered employees can 
act on behalf of the company to satisfy customer requirements. Adequate 
support infrastructure must be established to enable employees to perform 
these tasks in an innovative and customer-responsive manner.

The major payoff of a successful customer interaction program is 
customer loyalty. Customer loyalty contributes to company profitability. 
Studies indicate that increasing customer retention rate by 5 percent could 
raise  profits by 25 to 95 percent.50 Loyal customers are valuable because 
they buy more, refer their pleasant experience to new customers, and offer 
consultations to these new customers at no cost to companies.

To build customer loyalty, the customer interaction strategy must be 
focused on creating trust. Amazon.com is viewed by many as one of the 
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most reliable and trustworthy websites on the Internet. It registers user 
preference, becomes smarter over time at offering products/services tai-
lored to each user, provides one-click convenience for purchasing items, 
and delivers the ordered products/services free of errors. It is reported 
that 59 percent of Amazon.com sales are derived from repeat customers, 
roughly twice the rate of typical “bricks-and-mortar” bookstores.

Vanguard Group, a company that markets index-based mutual funds, 
offers timely and high-quality financial advice on its website and does not 
attempt to hard sell any specific service. Its customer interaction strategy 
is focused on building trust. “You cannot buy trust with advertising or 
salesmanship. You have to earn it by always acting in the best interest of 
customers,” says Jack Brennan, Vanguard chief executive officer.

eBay is known to have over 50 percent of its new customers referred by 
loyal customers who also serve as helpers to them. One major concern in the 
business of auctioning used merchandise is reliability and fraud prevention. 
eBay asks each buyer and seller to rate each other after every transaction. The 
ratings are posted on the website. Every member’s reputation becomes public 
record. Furthermore, eBay insures the first $200 for each transaction and holds 
the money in escrow until the buyer is satisfied with the received product.

How is trust related to profitability? Studies show that, in some busi-
nesses, customers must typically stay on board for at least 2 to 3 years just 
for the companies to recoup their initial customer-acquisition investment. 
In other words, for companies to achieve profitability, customers must be 
loyal enough to stay beyond this break-even period. A large percentage 
of customers defect before many new companies reach this break-even 
point. Table 4.14 lists statistics related to customer acquisition cost, years 
to break even, and percentage of customers who defect before the break-
even point.

A large number of companies are successful in planning and imple-
menting strategies to interact effectively with customers. These compa-
nies identify and prioritize customers, define their needs, and customize 
products/services to fit these needs.51 They reap the benefits of increased 
cross-selling, reduced customer attrition, enhanced customer satisfac-
tion, minimized transaction costs, and sped-up cycle times. Companies 
known for their success in relationship marketing include Pitney Bowes, 
Wells Fargo, 3M, Owens Corning, British Airways, Hewlett-Packard, and 
American Express.

Customer loyalty is won, not by technology, but through the delivery 
of a consistently superior customer experience. It requires a well-designed 
customer interaction strategy that is supported by companies with a firm 
corporate commitment.
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4.6.5  CUSTOMER FEEDBACK—THE ULTIMATE QUESTION

A great number of customer-satisfaction surveys contain too many ques-
tions. The ultimate question to ask is: “How likely are you to recommend 
this company to a friend or colleague?”52 Score the results in a 0 to 10 
scale and classify the responses as follows:

1.	 Loyal promoters (9s and 10s)
2.	 Customers who do business passively with the company (7s and 8s).
3.	 Detractors (6s and below)

The net promoter score (NPS) is defined as the percentage of promoters 
minus the percentage of detractors. For example, if the promoters are 35 
percent, passive customers are 50 percent, and detractors are 15 percent, 
then the NPS is 20 percent. Based on a survey conducted by Bain & Com-
pany, companies with NPS in the range of 50 to 80 percent, are superior 
in achieving good profits; see Table 4.15.

The key to growing a business is to have more promoters and less 
detractors. Since the company already has a relationship with these “pro-
moter” customers, it should solicit information from these customers in 
order to understand exactly where the company is succeeding and how to 
apply this information toward ensuring the company’s ongoing success. It 
should contact detractors as well, to find out what the company can do to 
improve its service offerings. Reihheld53 believes that business growth can 
only be sustained over a long period based on the loyalty of satisfied cus-
tomers and customer-initiated promotions. To achieve success, companies 
must always practice the golden rule: to treat others as they would want to 
be treated in return.

Table 4.14.  Customer-loyalty-related statistics

Products

Acquisition  
cost per 

customer 
(dollar)

Years to 
break  
even

Percentage of 
customers defecting 
before break-even 

points (%)

Consumer 
electronics and 
appliances

56 4+ 60+

Groceries 84 1.7 40
Apparel 53 1.1 15

Source: Reichhold and Shelfter (2000).50
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This concept appears to be consistent with the “The Value Profit 
Chain” model (Section 4.5.6) in that satisfied customers will not only 
increase spending for themselves, but also recommend that their friends 
follow suit. The way to ensure customer satisfaction is to adopt company 
policies that make for happy and loyal employees, who will in turn provide 
excellent customer service leading to long-term corporate profitability.

Example 4.13

Over the years, Company XYZ spent a considerable amount of efforts  in 
developing and testing a new drug intended for reducing the low-density 
lipoprotein (LDL: bad cholesterol) and raising high-density lipoprotein 

Table 4.15.  NPS scores of selected U.S. companies

Selected companies NPS score (%)

USAA 82
HomeBanc 81
Harley-Davidson 81
Costco 79
Amazon.com 73
Chick-fill-A 72
eBay 71
Vanguard 70
SAS 66
Apple 66
Intuit (TurboTax) 58
Cisco 57
FedEx 56
Southwest Airlines 51
American Express 50
Commerce Bank 50
Dell 50
Adobe 48
Electronic Arts 48

Source: Reichheld (2006).
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(HDL: good cholesterol) of patients with cardiovascular disease. After hav-
ing passed phases 1, 2, and 3 trials, the drug received Food and Drug Admin-
istration (FDA) approval for marketing to the public. There are some known 
drugs already in the marketplace for this type of heart disease, which affect 
millions of people in the United States alone. The size of the overall mar-
ket for cardiovascular drugs is estimated to be about $25 billion annually. 
Devise a marketing plan to bring this new drug into the U.S. marketplace.

Answer 4.13

The marketing plan should consist of four parts, corresponding to the four 
Ps of marketing products, namely, product, price, placement (distribu-
tion), and promotion.

As a new product, the drug in question offers the useful features of 
lowering LDL and raising HDL, a very powerful combination to combat 
heart disease, based on the current state of clinical knowledge. A direct 
competitor is Lipitor, which has the same combination effect as the new 
drug. Furthermore, Crestor, together with Niacin, is also known to pro-
duce this combination effect. It is important for the company to delineate 
any differences this new drug might have regarding (a) seriousness of any 
side effects, (b) potential of long-term health hazards, (c) lower frequency 
of taking the drug, and (d) longer effectiveness. These differences must be 
clinically verifiable by ways of large-scale clinical studies.

Pricing is an important issue to some patients. The new drug should 
be retail-priced at a level slightly lower than that of its current competi-
tors. Aggressive contracts should be entered with major insurance carri-
ers, mail order drug companies, American Association of Retired Persons 
(AARP) prescription drugs program, and others to allow volume-based 
discounts.

Promotion is rather critical for the new drug entering an existing 
market. Key targets are physicians, patients, and insurance carriers. 
Patients need to become aware of the unique benefits of this new drug via 
TV, magazine articles, and web-based advertisement, so that they could 
“pull” this drug from the supply chains. The message should emphasize 
its distinguishing features in view of the existing competition. Physicians 
must be convinced via trade shows, clinical studies, and publications of 
its merits, so that they would be willing to suggest/prescribe this new 
drug and allow brochures to be distributed through their offices. Frequent 
publication of supporting articles in highly reputable journals such as New 
England Journal of Medicine, Journal of American Medical Association, 
Journal of Cardiology, Circulation, and others will garner the attention of 
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physicians. Insurance carriers need to be convinced of the benefits of this 
new drug in order for them to be willing to place it in their formularies.

Distribution of this new drug would follow the usual wholesale chan-
nels, as it is a prescription drug authorized by physicians and available 
only from pharmacies. Company XYZ should monitor the market con-
stantly and adjust its marketing program accordingly.

4.7 � OTHER FACTORS AFFECTING MARKETING 
SUCCESS

There are several other factors that may affect the marketing success of 
any company.

4.7.1  ALLIANCES AND PARTNERSHIPS

Nowadays, companies realize increasingly that they do not always have, 
or cannot cultivate internally, all competencies needed to compete in the 
world markets with the resource and time constraints under which they 
have to work. Because market access may be unattainable, the technology 
unaffordable, resources unavailable, time to market too long, or because 
other barriers may exist, an individual company may find it increasingly 
difficult to compete alone. Partnerships and alliances have become more 
and more necessary for some companies to compete effectually and to 
constantly deliver value to customers.

For companies to succeed in the marketplace under these circum-
stances, the marketing concepts must penetrate to all members of the part-
nerships and alliances.54 All partners must appreciate that mutual gain will 
result  only when all members of the alliance embrace the marketing con-
cept and come to recognize the importance of creating superior customer 
value by joining hands.

4.7.2  ORGANIZATIONAL EFFECTIVENESS

Marketing success is influenced by how effectively the company oper-
ates. In general, organizations with less rigid structure have a higher like-
lihood of becoming more customer focused, technologically innovative, 
and market responsive. Certainly, any conflicts among internal functions 
(e.g., manufacturing, design, engineering, and marketing) must be min-
imized. Technology for mass customization requires an integration of 
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R&D, procurement, customer relations management, and supply-chain 
management to achieve a high degree of customer satisfaction.

Above all, company management must apply discretionary resources 
(e.g., R&D, production capacity, human resources, organizational exper-
tise, and information services) to the right combination of strategies (e.g., 
marketing, service, distribution, promotion, and price) so that maximum 
strategic marketing leverage can be achieved to capture opportunities 
offered in the marketplace. Figure 4.25 illustrates this core concept of orga-
nizational effectiveness.

Example 4.14

Engineering refined the design specifications of a product/service as origi-
nally recommended by marketing. Manufacturing made further changes to 
the service design in order to fabricate the product/service automatically. 
Unfortunately, the product/service did not sell in sufficient quantities to 
make it a success. Explain the possible reasons.

Answer 4.14

The product/service features defined initially by the marketing depart-
ment may not be exactly what the majority of customers wants. Product/
service testing is a critical step to fine-tune the  design. The selected 
method of production does not readily accommodate an adjustment of 

Core
competencies

Opportunities offered
in the marketplace

Marketing

Innovation
Discretionary
resources Capacity

Organization

Information
technology

HR

Creating
leverages

Segments

Features/values

Delivery

Brand recognition

Cost to customers

Brand image

Efficiency

Customer focus

Product (service)

Place

Promotion

Price

Physical evidence

Process

People

Figure 4.25.  Organizational effectiveness.
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product/service features, even if they are identified by feedback from the 
marketplace. The manufacturing of the product/service should be based 
on demand to assure market acceptance, not based on production technol-
ogy, which is aimed at cost reduction.

Skipping the product/service testing step and applying the auto-
matic production method too soon are two likely reasons for the noted 
failure.

Example 4.15

Organizational effectiveness is necessary for any corporate leader to attain 
company leverage and hence strategic differentiation in the marketplace. 
Explain in your own words how corporate leaders should go about realiz-
ing this much needed organizational effectiveness?

Answer 4.15

Organizational effectiveness is the degree to which company managers 
are in a position to optimally apply core competencies (e.g., innovations, 
capacity, organization, IT, and people—both internal and external) in driv-
ing the seven Ps of marketing (product/service, pricing, placement,  pro-
motion, physical evidence, process and people) to successfully capture 
opportunities in the marketplace and gain leverages; see Figure 4.25.

They need to nurture these core competencies (providing incentives 
for innovative and creative outputs), mobilize resources (e.g., both inter-
nal and external talents), understand customers’ needs (e.g., with an open 
mind), achieve process excellence (e.g., applying known IT and other 
tools to simplify and assure the quality of customer interactions), and 
adapt to market changes, in order to create strategic differentiations and 
sustainable profitability.

4.8 C ONCLUSIONS

This chapter covers many important issues related to the marketing of the 
company’s products and services. Engineering managers should under-
stand the overall objectives of the firm’s marketing efforts and become 
sensitive to various marketing issues affecting engineering. They should 
become well versed with marketing terminology and elements of the 
marketing mix, namely, product (service), price, promotion, distribution, 
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physical evidence, process, and people. It is important for engineering 
managers to accept the fact that marketing of products/services involves 
a lot of uncertainties associated with consumers’ perceptions, competi-
tive analyses, market forecasting, and people-related issues. They need to 
wholeheartedly adopt a customer orientation in planning and implement-
ing all engineering programs. They must strive to work closely with mar-
keting personnel and remain supportive of the overall marketing efforts 
by providing high-quality engineering/technology inputs to the firm’s 
marketing program. Having a penchant for doing this is a key for them to 
succeed in industry.

Obviously, the engineering/technology inputs most useful to market-
ing are related to products/services and associated production and delivery 
activities. These include specifying and designing innovative and differ-
entiable product/service features to be of value to customers, utilizing 
technologies to confer competitive advantages in time to market, quality, 
reliability, and convenience, and delivering after-sales support activities 
needed to ensure customer satisfaction.

Engineers are also expected to control costs by improving and man-
aging the production process, resource (labor and materials) allocation, 
and quality control. They may also get involved in training sales people, 
making presentations before customers, conducting industrial exhibits, 
and evaluating customer feedback related to new service features.

Having learnt the marketing concepts and been exposed to the com-
plex marketing issues reviewed in this chapter, engineering managers and 
professionals will be able to appreciate the difficult but critically import-
ant functions of marketing and can become more effectual in interacting 
with marketing management.

Marketing and innovations are two principal activities of any prof-
it-seeking organization. Engineers already know how to innovate. If they 
also learn how to market, this combination of capabilities will surely enable 
them to become major contributors in any product/service organization.

4.9 A PPENDICES

4.9.1  CONSUMER SURVEY AND MARKET RESEARCH

To market consumer products, companies need to have a very detailed 
understanding of their customers, just as companies marketing industrial 
products also need to understand their industrial customers, although to a 
much lesser extent.
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When dealing with customers, the key questions typically concern 
what, how, where, when, why, and who. For example, what functions does 
the product serve? What are the criteria to buy the product (price, color, 
size)? What is the value to the customer? What do they really want from 
the product (psychological, functional, and other benefits)?

How do customers compare products? How do customers decide to 
buy? How is the product to be used? How much are customers willing to 
pay for it? How much do they buy? How would the distribution mode and 
service center location affect the customers’ buying decision?

Where is the purchase decision made (e.g., what is the customer’s 
position in the company or household)? Where do they receive informa-
tion from? Where do they buy their products (e.g., retail store, mail order, 
department store, Internet, etc.)?

When do they buy it (weekly, monthly, special occasions)?
Why do they prefer one brand over the other (e.g., performance, price, 

convenience, packaging, colors, service, etc.)?
Who are the customers (e.g., age, background, sex, geographic loca-

tion, members of social groups, etc.)? Who buys the competitor’s products? 
Who does the buying (wife, husband, children, purchasing agent, engineers, 
others)? Who makes what decision for whom (decision-making entities )?

To understand the behavior of consumers in making purchase deci-
sions, companies focus on customers’ habit in purchasing, consuming, and 
information gathering. Who buys, how often, where, how much, when, 
and at what price? Who consumes, on what occasions, how do they con-
sume, in what quantities, where, when, and with what other products? 
What media do they use (industrial exhibits, trade journals, TV, newspa-
per, radio, Internet, etc.), and when?

It is also useful for companies to understand the process by which 
consumers make their purchase decisions. This process typically encom-
passes the steps of need arousal (e.g., problems to solve; discovery from 
neutral sources; Jones the bragging next-door neighbor; etc.); informa-
tion search (online resources are now one click away); and evaluation and 
decision making (e.g., comparative shopping, making trade-offs, brand 
versus product, and price versus quality and features).





CHAPTER 5

Conclusions

This book covers a set of business fundamentals that are particularly use-
ful to engineering managers and professionals. Cather1 suggested a large 
set of business skills for engineers and technologies, including project 
management, human resource management, customer needs, laws, IT, and 
e-commerce. While some of these skills are of general benefit and useful, 
the three sets of business skills included in this book are the most impact-
ful to the work involving technically talented engineering managers and 
professionals.

Leadership is built on superior vision. Vision defines business direc-
tions in anticipating the future conditions, which in turn are affected by 
technology, marketplace, customers, resources, regional economics, and 
others. Vision is the capability of seeing into the future. Without the ben-
efits of having business fundamentals, the future one can see is rather nar-
row. Jack Welch said: “Good business leaders create a vision, articulate 
the vision, passionately own the vision, and relentlessly drive it to com-
pletion.” Engineering managers and professionals need to demonstrate 
an ability to set aside a parochial technology mind-set and look at the 
broader picture. They will need to paint the future on a wide canvas. The 
future has several dimensions, such as marketplace, customers, finan-
cial metrics (e.g., growth, gross margin, return on assets), production, 
and IT, with technologies being just one of them. Broad-based visions 
enable them to conceptualize the future, identify unstoppable trends, and 
develop new ways to grow. Such broad-based visions are needed to lead 
at senior management levels. Business fundamentals will help engineer-
ing managers and professionals to move into the senior management 
positions and perform successfully there. Good leaders light a fire under 
us to get things done.

Of critical importance is for engineering managers and professionals 
to constantly strive for contributing significantly to help achieving (a) stra-
tegic differentiations (i.e., by way of creating novel products or services to 
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be ahead of the competition in winning the acceptance of demanding cus-
tomers) and (b) operational excellence (i.e., through constantly improved 
work processes to produce and deliver products and services). Such val-
ue-adding contributions can be made much more often, when supported 
by skills and knowledge in cost accounting, financial account and analy-
sis, and marketing development. Only products/services that offer novel 
and distinctive features, are cost-effectively produced, meet  customers’ 
needs, create pleasant experience to them, sell large enough units, and 
generate  significant profitability, will be of lasting value to an enterprise.

For engineering managers and professionals to advance in a highly 
competitive business environment, they need to be able to communicate 
efficiently, using the right business vocabulary and business insights, with 
other leaders in the organization. As most major decisions in a given enter-
prise are business-related, the issues of cost, financial metrics, marketing, 
and customers become inherently important. Having acquired the business 
perspectives and being able to proactively initiate new projects, engineer-
ing managers and professionals will gain opportunity to offer quality judg-
ments and broad-based decisions that garner support from other corporate 
decision makers. As Aristotle Onassis said: “To succeed in business it is 
necessary to make others see things as you see them.”

As engineering managers and professionals continue gain influ-
ence by the quality of their judgments and decisions, which are greatly 
enhanced by their technological and business perspectives, they will likely 
be favored for joining the senior management ranks. Progressive com-
panies are constantly developing future leaders with broad experience in 
design, engineering, marketing, and finance. As it is in practice with many 
Fortune 500 enterprises, many of these up-and-coming engineering man-
agers are further being supported for executive type of business training 
(e.g., Executive MBA programs, which meet on Saturdays), to ready them 
for higher-level leadership positions. The importance of being well versed 
in marketing, finance, and costing is rather obvious.

For engineering managers and professionals to be successful, they 
will need not only to acquire business management fundamental, but also 
to practice such knowledge and insights in order to derive real benefits for 
the enterprise. Anton Chekhow said: “Knowledge is of no value unless 
you put it into practice.” A secret of success for them is to initiate tech-
nically novel projects that deliver real value to their enterprises. Proac-
tively pursuing important projects and implementing them successfully 
are vital for the long-term success of engineering managers and profes-
sionals. Examples of such projects could include: (a) new product/service 
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development, (b) new growth opportunity assessment, (c) competitive 
responses to external threats, (d) productivity improvement, (e) process 
enhancement, (f) value engineering, (g) new technology selection and 
incorporation (e.g., cloud-based, mobile), (h) development of new busi-
ness models, (i) creation of new external alliances (marketing, supply, 
co-development of technologies), (j) cost reduction and quality control, 
(k) knowledge management initiatives, and others. Patty Hansen said: 
“You create your opportunity by asking for them.”

Many of the above-described projects are likely to involve teams of 
highly qualified specialists, who are to be managed by leaders with broad 
technical and business backgrounds. Teams are organizational forms, 
which promote “Together everyone achieves more.” Woodrow Wilson 
suggested: “Not only use all the brains that I have, but all that I can bor-
row.”  For the example of developing new products/services, the proj-
ect teams are generally expected to perform a large number of sequential 
tasks, following a typical state-gate process:2

1.	 Define project objective (specify the type of new product/service 
to develop, novelty of the project idea from the patentability and 
competitive standpoints, major features that deliver values to cus-
tomers, completion date, the estimated investment budget, align-
ment of project outcome with enterprise’s business objective, etc.) 
The new features so defined should vault the company ahead of 
its competition.

2.	 Conduct marketing research (understand customer needs, exist-
ing and future competitions, size of the customer segments, mar-
ket growth rate, governmental rules and regulations, etc.)

3.	 Assess financial feasibility (create a multiyear income statement, 
define product/service life, estimate additional charges for corpo-
rate overhead, such as administrative and corporate depreciation, 
etc. Compute estimated annual cash flow and define the net pres-
ent value [NPV] for the project).

4.	 Determine technical feasibility (production capability, technical 
know-how, supplier capabilities, outside business partners, etc.)

5.	 Secure project approval (gain authorization to proceed, includ-
ing budget, resources, technologies, and management attention)

6.	 Specify major stages and gates (identify stages in the develop-
ment process, and the goals for each, including performance met-
rics that define progress, and review results to assure a continued 
success)
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7.	 Formulate project team (define team leader, suitable mem-
bers for each stage involved, roles and responsibilities of each, 
communication rules, technologies to be used, etc.).The team 
leader’s dedication toward the project will inculcate a sense of 
responsibility and urgency among the rest of the team.

8.	 Design products/services (introduce novel functionality and fea-
tures, paying more heed to customers, the use of new technology, 
etc.)

9.	 Calculate unit costs (material, labor, overhead, capital invest-
ment, staff training costs, equipment maintenance, depreciation, 
energy usage, unit cost of production, warehousing, distribution, 
and others). Apply activity-based costing, if needed.

10.	 Produce, test and improve prototypes (make prototypes, perform 
value engineering, define outside partners and suppliers, conduct 
testing in selected  regions for functionalities and degree of cus-
tomer acceptance, solicit user’s feedback, and refine design, etc.)

11.	 Activate marketing program (define price, specify advertis-
ing channels, estimate future sales, formulate customer service 
procedures, secure customer feedback, engage outside partners, 
etc.)

12.	 Achieve profitability and preserve learning (set up suitable 
teams to implement all steps needed to gain profitability, carefully 
preserve team knowledge and insights, and reuse the know-how to 
constantly enhance corporate competitiveness)

Business fundamentals are essential for carrying out the  steps: 1, 2, 3, 
5, 8, 9, and 11. Figure 5.1 shows the known stage–gate process commonly 
used by many enterprises to achieve project success.

As an example, Figure 5.1 illustrates a total of six stages. The proj-
ect moves forward, only if all objectives in a given stage are met. New 
team members may be added in the following stages, dependent on the 
stage’s principal emphasis under development. The size of the hexagons 
in Figure 5.1 becomes smaller as the process moves forward, indicating 
that the unresolved issues become lesser in number. The last stage (i.e., 
lessons learned and reuse) is important from the knowledge management 
standpoint, as the enterprise needs to acquire new knowledge and insights 
to remain competitive over time.

A critical hurdle to overcome in all project development processes 
is the one involving management approval, which authorizes the needed 
budget, manpower, and management priority. To secure such a project 
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approval, engineering managers and professionals need to be familiar with 
the questions that are typically asked by senior-level decision makers:

1.	 How novel is the new product/service, from the viewpoints of its 
patentability and the existing competition?

2.	 In what specific ways will customers benefit from the use of this 
novel product/service? How important is this value proposition to 
them?

3.	 How large (in annual sales) might the estimated market size be for 
such a product/service in five years?

4.	 How technically feasible is it to be produced? Are current technol-
ogies sufficient for its production? (see Figure 5.1) 

5.	 How much will the initial investment be, as well as in subsequent 
years?

6.	 What is its NPV, after the product/service life runs out? The NPV 
of the project is the net value added to the enterprise, after having 
paid off all initial investment, design, production, marketing, sales, 
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Figure 5.1.  The stage–gate process of developing new products/services 
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	 (D) Production
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customer services, and other expenses, which are required for the 
project implementation.

If the engineering manager or professional, who initiates such a new 
product/service proposal, cannot convincingly answer these questions 
(including the reasonable justification of all key assumptions introduced 
during the creation of the multiyear financial statement), the project will 
not be approved. Thus, the importance of engineering managers and pro-
fessionals to acquire some business fundamentals discussed in this book 
is clearly evident, as they would need just to score a few of such high-
NPV projects to propel themselves to the senior management ranks and to 
assure their places there.

At the senior management levels, leaders think more in strategic 
terms. Raynor and Ahmed3 studied the performance of 25,000 companies 
from 1966 to 2010 and discovered the key factors, which enabled 344 
excellent companies, including Merck, Maytag, and Abercrombe& Fitch, 
to sustain business success. These excellent companies make decision 
and execute strategies following three rules: (a) better before cheaper, 
(b) revenue before cost, and (c) use nothing but only these two rules.

1.	 Better before cheaper: To be better, the products and services need 
to be of high quality and include distinguishable functionalities and 
features that deliver value to customers. In addition, activities that 
add nonprice benefits to customers are also to be emphasized, such 
as customer support, problem solving, brand name, and customer 
relationship management. To be emphasized to a lesser extent is 
the product/service price. This strategy says essentially that compa-
nies should favor premium products/services, rather than commod-
ity type, which would compete on price only in the marketplace. 
In other  words, companies will do well over the long term if they 
emphasize strategic differentiation, by coming up with premium 
products/service, which allow them to charge high prices and pre-
emptively market novel offerings. A high-capitalization company 
that follows this rule is Apple. Peter Drucker said: “Quality in a 
product or service is what customer gets out and is willing to pay 
for. Nothing else constitutes quality.”

2.	 Revenue before cost: Focusing on revenue means paying attention 
to generate the top-line sales revenue by expanding the market reach. 
Cost can be reduced using various operational excellence approaches, 
such as Lean Six Sigma, Value Stream Mapping, and Failure Mode 
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and Effect Analysis. Generally speaking, cost reduction has natural 
limits, beyond which the marginal return of such efforts will dimin-
ish. Again this strategy favors the acquisition of sale revenue using 
new and novel products/services, which could be sold in new mar-
kets, over the continued drive for cost cutting, thus favoring the pur-
suit of strategic differentiation over that of operational excellence.

Following the above-described rules requires business leaders to 
make use of their extensive knowledge regarding costs, financial account-
ing, and market management. Those engineering managers and profes-
sionals who have acquired the business fundamentals contained in this 
book are in a better position to think in such strategic ways. Those  who 
can actively contribute to achieve strategic differentiation and, to a lesser 
extent, also operational excellence for their employers will be among 
the progressive leaders, whom we need more to practice the strategies of 
“better before cheaper” and “revenue before cost” and effectively guide 
excellent business enterprises.

Keeping the products and services cheap requires a good understand-
ing of costs, the ways these costs are estimated, and how they can be 
constantly improved. Revenue is raised by expanding the customer base 
and defining a unit price that is attractive in view of the the competition.

In a typical college curriculum, cost accounting, financial 
account and analysis, and marking management could each be easily a 
15-week-semester-long course. Even though the parts of business funda-
mentals that are most useful to professionals in science, technology, engi-
neering and mathematics (STEM) disciplines are already included in this 
book, it is still useful for engineering managers and professionals to get 
exposure to other details by browsing through some of the basic textbooks 
on these subjects, if needed.4

In conclusion, the business fundamentals discussed in this book could 
assist engineering managers and professionals to accomplish quite a few 
objectives. Thus, the takeaway of this book may be summarized as follows:

1.	 These business fundamentals are most impactful to work done by 
technically talented people in for-profit enterprises.

2.	 They are essential for them to exert leadership in many for-profit 
organizations.

3.	 They will enable them to communicate more effectively with 
important peers and decision makers in the organization, using 
pertinent business vocabulary and broad-based business insights.
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4.	 They are likely to prepare them well for advancing into senior man-
agement ranks and enable them to develop the needed  business  
vision to stay there successfully. Benjamin Franklin said: “By fail-
ing to prepare, you are preparing to fail.”

5.	 They will enable them to contribute to the creation of strategic dif-
ferentiation and operational excellence of the enterprise, such as 
initiating and successfully implementing technology-based projects, 
which add measurable value and confer business advantages. Not 
focusing on creating strategic differentiation and operational excel-
lence may lead to the quite common observation: “The harder we 
work, the behinder we get.”

6.	 They will enable them to think and act like progressive leaders in 
excellent business enterprises, wherein the forward-looking strate-
gies of “better over cheaper” and “revenue over cost” are actively 
pursued.

David Starr Jordan said: “Wisdom is knowing what to do next, vir-
tue is doing it.” Engineering managers and professionals need to learn 
constantly and take proper actions regularly to add value. They are too 
good (in science, technology, engineering, and math), not to be better by 
mastering additional business fundamentals.
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