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Preface to the Second Edition

This second edition of Engineering Management: Meeting the Global Challenges is written for
senior and first-year graduate engineering students majoring in disciplines such as aero-
space, biomedical, chemical, computer, electrical, mechanical, industrial, and system engi-
neering, as well as other technical domains (i.e., science, technology, and mathematics). It
may also be used as a self-study guide by engineering professionals who aspire to become
managers. It should be of value as well to first-line engineering supervisors/managers in
further advancing their careers along the managerial career path. This target group of
students and young professionals form the group the author defines “science, technology,
engineering, and math (STEM) professionals and managers.”

The rapidly changing environment of today’s global economy calls for workers who are
capable of holistic thinking, balancing analysis and intuition, living with ambiguity, and
practicing strategic flexibility. Changes noted in the marketplace include (1) Internet-based
communication, delivery, and business transactions; (2) customer references and buying
habits; (3) new technologies related to data processing; (4) business alliances on a global
basis; and (5) heightened competition in industry. These changes will require that STEM
professionals and managers be more appropriately prepared than otherwise. This second
edition is designed to address these needs.

The first edition of Engineering Management: Challenges in the New Millennium was well
received in the marketplace. It was translated into Korean and awarded the Best Book of
the Year Award in 2007 by the International Association for Management of Technology.
At one point, it was adopted by about 20 U.S. and international educational institutions.

This second edition refocuses on the new strategy for STEM professionals and managers
to meet the global challenges through the creation of strategic differentiation and opera-
tional excellence. Thus, major revisions contained in this second edition include: (1) a new
chapter on creativity and innovation, (2) a new chapter on operational excellence, and (3) a
combination of the chapters on financial accounting and financial management.

Strategic differentiation is essential for any enterprise to introduce and maintain market
competitiveness in the form of differentiable product/service packages. STEM profession-
als and managers need to become well versed in creating product/service innovations that
are both desired and required by customers. Specific thinking strategy, such as DeepThink
discussed in Chapter 12, could be beneficially practiced. The chapter on creativity and
innovation is to encourage STEM professionals and managers to actively pursue the devel-
opment of novel products/services in order to add significant value in creating strategic
differentiation in their enterprises.

STEM professionals and managers need also to focus on creating operational excellence,
which addresses issues related to process efficiency, cost reduction, time to market, and
doing all things well in order to improve the short-term profitability of their enterprise.
New Internet-based enablers such as big data, analytics, and cloud computing are becom-
ing available for STEM professionals and managers to apply. The new chapter on opera-
tional excellence illustrates the effective use of many such productivity-enhancing tools.

STEM professionals and managers need to acquire background knowledge in financial
accounting and management, as such knowledge promotes better decision-making related
to the enterprise and fosters the development of companywide initiatives.

xvii
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The key book design strategy for this second edition covers three distinctive sections: (1)
engineering management fundamentals, (2) business management skills, and (3) leader-
ship essentials, to ready STEM professionals and managers for meeting the global chal-
lenges. Such a broad-based background is viewed as essential for STEM professionals and
managers to exert a strong leadership role in the dynamic and challenging marketplace.

The following “three-decker leadership architecture” forms the design basis of this book.

STEM
leadership
Strategic
differentiation Operational
excellence
Creativity and Ethigs Globalizati
innovation obalization
Cost Marketing Financial
accounting management
Planning Organizing Leading Controlling

A large number of engineering and business cases are contained in the text-end
appendix. These cases cover various management and business issues in diversified
sectors. They represent a useful extension of the exercise problems listed at the end of
each chapter.

All STEM professionals and managers face global challenges that have six dimensions.
These are (1) inside, (2) outside, (3) present, (4) future, (5) local, and (6) global.

Manage/Lead/Act/Think Focuses

Inside Core competencies, cost and quality control, production and process excellence

Outside Emerging technologies, supply chains, market orientation, customer relationship

Today Implement all projects to achieve operational excellence, do the thing right

Tomorrow Apply creativity and innovation, do the right things, and lead in creating strategic
differentiation

Local Build local strengths, unique partnerships, implement local adjustments and
customization

Global Global resources, global scale and scope, global mind-set, global partnerships, and
savvy

In summary, this book aims at equipping STEM professionals and managers with the
necessary knowledge and skills to achieve strategic differentiation and operational excel-
lence in order to meet the aforementioned six-dimensional global challenges.

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



Preface to the First Edition

Engineers with excellent managerial skills and superior business acumen are needed
to lead the Corporate America in the new century. As the economy grows increasingly
global, technologies advance at faster pace, and marketplace becomes more dynamic in the
decades ahead, many industrial companies will need technically trained engineers to turn
technological innovations into profitability.

The need for engineering management training is obvious from another point of view.
National Science Foundation estimated in 2000 that about 46% of U.S. engineers and
scientists were actively working in managerial/administrative capacities. This managerial
percentage remained more or less constant across the age groups from below 35 to more
than 55. As this trend continues, almost one out of every two engineers/scientists will
be engaged in managing people, projects, teams, and technology and other resources to
create value for their employers.

This book prepares engineers to fulfill their managerial responsibilities, acquire useful
business perspectives, and take on the much-needed leadership roles to meet the chal-
lenges in the new millennium.

A number of themes permeate the book. Value addition, customer focus and business
perspectives are emphasized throughout. Also underlined are discussions of leadership
attributes, steps to acquire these attributes, the areas engineering managers are expected
to add value, the web-based tools which can be aggressively applied to develop and sus-
tain competitive advantages, the vital tasks of e-transformation, the opportunities offered
by market expansion into global regions, and the preparations required for engineering
manager to become global leaders.

The book is intended for senior and first-year graduate engineering students majoring
in disciplines such as aerospace, biomedical, chemical, computer, electrical, mechanical,
industrial and systems engineering. It may also be used as a self-study guide by engi-
neering professionals who aspire to become managers. It should be of value to first-time
engineering supervisors/managers interested in further advancing their careers along the
managerial career path as well.

The book is organized to contain three major sections: I. Functions of Engineering
Management, II. Business Fundamentals for Engineering Managers, and III. Engineering
Management in the New Millennium.

Section I discusses the basic functions of engineering management such as planning,
organizing, leading and controlling. These functions provide engineers and engineering
managers with foundation skills to manage themselves, staff, teams, projects, technologies
and global issues of importance.

Best practices are emphasized as pertinent standards for goal setting and performance
measurement. Engineering managers solve problems and minimize conflicts to achieve
the company’s objectives. They make rational decisions and take lawful and ethical
actions. They apply Monte Carlo methods to assess projects involving risks and uncertain-
ties. They engage emerging technologies, motivate a professional workforce of diversified
backgrounds, develop new generations of products/services in a timely manner, and con-
stantly surpass the best practices in industry.

Xix
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The roles of engineering managers in strategic planning, employee selection, team
building, delegating, decision-making and in the management of creativity and innova-
tions are explained. The development of managerial competencies is emphasized.

Section II covers the fundamentals of engineering management including cost account-
ing, financial accounting/analysis, managerial finance, and marketing management. This
section is to enable engineers and engineering managers to acquire a broadened perspec-
tive with respect to the business and stakeholders of the company and to facilitate their
interaction with peer groups/units.

It also prepares engineering managers to make decisions related to cost, finance,
products, services and capital budgets. Discount cash flow and internal rate of return anal-
yses are reviewed. These discussions are of critical importance as decisions made during
the product design phase typically determine up to 85% of the final costs of products.
Additional deliberations are presented regarding activity-based costing (ABC) to define
indirect costs related to products/ services and Economic Value added (EVA) to determine
the real profitability of an enterprise above and beyond the cost of capital deployed.

Also introduced is capital formation through equity and debt financing along with
resource allocation concepts based on adjusted present value (APV) for assets in place and
option pricing for capital investment opportunities. By appreciating the project evaluation
criteria and the tools of financial analyses, engineers and engineering managers will be in
a better position to win project approvals. A critical step to developing technological proj-
ects is the acquisition and incorporation of customer feedback. For them to lead, a major
challenge is indeed the initiation, development and implementation of major technological
projects, which contribute to the long-term profitability of the company.

The important roles and responsibilities of marketing in any profit-seeking enterprise
are then clarified along with the supporting contributions expected of engineering manag-
ers. Many progressive enterprises are increasingly concentrating on customer relationship
management to grow their business. Such a customer orientation is expected to continue
to serve as a key driving force for product design, project management, plant operation,
manufacturing, customer service and many other engineering-centered activities.

Section III addresses five major topics that are namely engineers as managers/leaders,
ethics in engineering/business management, web-based enablers for engineering and
management, globalization, and engineering management in the new millennium. These
discussions provide additional building blocks to enhance the preparation for engineers
and engineering managers to assume technology leadership positions and to meet the
challenges in the new millennium.

Engineers are known to possess a strong set of skills, which enable them to do extraordi-
narily well in certain types of managerial work. However, some of them may also exhibit
weaknesses that prevent them from becoming effective leaders in engineering organiza-
tions or even from being able to survive as engineers in the industry. The expected norms
of effective leaders are described. Steps enabling engineering managers to enhance their
leadership qualities and attune themselves to the value-centered business acumen are dis-
cussed. Certain outlined steps should be of great value to those engineering managers who
want to become better prepared to create new products/ services based on technology,
integrate technology into organizations, and lead technology-based organizations.

Many “tried and true” rules are included which serve as suitable guidelines for engi-
neering managers to becoming excellent leaders. Above all, engineering managers are
expected to lead with a vision of how to apply company core competencies to create
value, insights into how to capture opportunities offered by emerging technologies, and
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innovations in making products/services better, faster and cheaper, so that they constantly
improve customer satisfaction. The concepts of value addition, customer focus, time to
market, mass customization, supply chains, enterprise resources integration, and others
are also discussed.

Although engineers are known to be ranked quite high in trustworthiness and integ-
rity (ahead of businessmen, bankers, certified public accountants, physicians, lawyers and
others), it is important for all engineers and engineering managers to remain vigilant in
observing a code of ethics, upholding a high standard of honesty and integrity and become
sensitive with other topics related to ethics.

The changes wrought by the Internet are transforming most aspects of company business,
including information dissemination, product distribution and customer service. As pro-
cessor design, software development and transmission hardware technologies continue to
advance, their roles in business will surely grow and affect many functions of engineering
management in the future. Progressive engineering managers need to know what web-
based enablers of engineering and management are currently available and which ones
can be applied effectively to promote product customization, expedite new products to
market, align supply chains, optimize inventory, foster team creativity and innovation,
and improve customer service. Presented in considerate length is a comprehensive set of
web-based tools related to product design, manufacturing, project management, procure-
ment, plant operations, knowledge management and supply chain management.

Globalization expands the perspectives of engineers and engineering managers further
with respect to divergence in culture, business practices and value. Globalization is a major
business trend that will affect many enterprises in the next decades. Engineers and engi-
neering managers must become sensitized to the issues involved and prepare themselves
(using the 4-T strategy) to contribute to those enterprises wishing to capture new business
opportunities offered in the global emerging markets. They need to be aware of the poten-
tial effects of job migration due to globalization and take steps to prepare themselves to
meet such challenges. A useful contribution for engineers and engineering managers to
make is to create global technical alliances for taking advantage of new technological and
business opportunities.

Engineering management will face external challenges in the new millennium. What
these specific challenges are, how engineering managers need to prepare to meet these
challenges, and how to optimally make use of location-specific opportunities to create
competitive advantages will be examined. Progressive companies will also change organi-
zational structures, set up supply chains, expedite e-transformation, and apply advanced
tools to serve customers better, cheaper and faster. Globalization is also expected to con-
stantly evolve as the United Nations has predicted that by the year 2020 three of the five
biggest national economies will be located in Asia. There will certainly be winners and
losers as businesses become more and more global. It is important for future engineer-
ing managers to explore prudent corporate strategies for engineering enterprises in the
pursuit of globalization while minimizing any detrimental impact on the environment,
respecting human rights, and maintaining acceptable work conditions.

How should engineering managers prepare themselves to add value in the new
millennium? What are the success factors for engineering managers in the new century?
What might be the social responsibilities of engineering managers in the decades ahead?
These questions are addressed in the final chapter of the book. Globalization will create
ample opportunities for those who know how to properly prepare and equip themselves
with the required global mind-set, knowledge, and savvy.
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To foster the leadership roles of engineering managers, a six-dimensional model is pro-
posed to emphasize the inside, outside, present, future, local and global dimensions. The
management challenges for engineers in these dimensions are discussed.

During two regular academic semesters, the book could be supplemented by in-class
discussions of a number of business cases, which focus on engineering and technology
management. Examples and answers are incorporated throughout the book. Questions
are also included at the end of each chapter to promote in-class exchange among students.
Besides a final exam, which could be a take-home comprehensive analysis of a specific
business/engineering case, students may also be required to prepare term papers on engi-
neering management topics of their preference in order for them to keep abreast with new
developments in the marketplace.

In preparation for this book, the author surveyed engineering management texts
published in the last 5-10 years. None of the textbooks surveyed cover “Web-based
Enablers for Engineering and Management” (Chapter 12) and “Engineering Management
in the New Millennium (Chapter 14). Only a small number of texts addressed some of
the issues raised in “Engineers as Managers/Leaders, (Chapter 10) and “Globalization”
(Chapter 13). Further, most of these engineering management texts do not cover “Marketing
Management for Engineering Managers (Chapter 9). The author believes that engineering
managers will be able to play key leadership roles in their organizations if they optimally
apply their combined strengths in engineering and management.

C. M. Chang, PhD, PE, MBA
University at Buffalo
The State University of New York
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Introduction to Management
Challenges for Engineers

1.1 Introduction

In our modern-day economy, customers’ needs are changing rapidly, the marketplace is
becoming global, and technology is advancing at an ever-increasing speed. To maintain
competitiveness in such a challenging environment, companies need effective leaders who
understand both technology and business. Engineers with proper management training
have great opportunities to make valuable and lasting contributions (Chang 2005; Merino
and Farr 2010).

In industry, managers are select employees entrusted with the responsibilities of putting
communications means to use, making critical decisions, taking decisive actions, applying
resources, and guiding the behavior of internal teams and external business partners to
achieve company objectives (Shah 2012; Gomez 2014).

The communications means applied by managers may be verbal or written, with or with-
out body language. The decisions made take into account technical feasibility, resources
conservation, and economic viability. The actions taken include planning, organizing,
leading, and controlling. The resources utilized involve people, time, capital, equipment,
facilities, technology, know-how, and business relationships. The teams guided by man-
agers are individual employees (teams of one), projects, task forces, quality circles, and
others. The external business partners may include customers, suppliers, networked part-
ners, and joint ventures or otherwise aligned companies. For individual science, technol-
ogy, engineering, and math (STEM) professionals to succeed in such an environment, they
need to heed the advice of Henry Ford, who said, “The only real security that a man can
have in this world is a reserve of knowledge, experience and ability.”

This chapter starts with a brief review of the major sectors of a national economy. Then,
it discusses the work of engineering managers and practicing engineers, and delineates
the differences between these two types of work. Finally, the chapter addresses the chal-
lenges faced by engineering managers in the global environment.

1.2 Definitions

It is proper to begin with the language of management. The following are a sample of man-
agement terms that will be used frequently throughout this book (Weske 2012).
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1.2.1 Management Responsibilities

The management group of a company has the overall responsibility of achieving the com-
pany’s objectives and meeting the diverse expectations of its stakeholders. The manage-
ment group is composed of managers at various levels, from chief executive officer (CEO)
down to first-line managers (e.g., supervisor, group leader, section head, and manager).

The stakeholders are groups of people who have a stake in the company’s performance.
These include shareholders, customers, suppliers, employees, and the community in which
the company operates. Typical expectations of these stakeholders include:

1. Shareholders: Return on investment, dividends, earnings per share, and apprecia-
tion in stock price over time

2. Customers: Quality of products, acceptable services, flexibility of company to
accommodate changing customer needs, efficient delivery, and competitive prices

3. Suppliers: Financial stability, market share position, quality production, collabora-
tion efficiency, and on-time payment

4. Employees: Innovative company policy and culture, good working conditions, sta-
ble employment, and competitive salary and benefits

5. Community: Environmentally clean, tax contribution, socially responsible, ethi-
cally acceptable practices, and good corporate citizenship

Over time, company management is responsible for satisfying this diverse set of expec-
tation of all stakeholders.

1.2.2 Type of Work

Work is the task performed to add value to the company. Performing the work involves the
use of resources (e.g., time, money, energy, tools, human efforts, technologies, and facili-
ties) and applicable procedures. There are three types of work:

1. Management work: Plan, organize, lead, and control the efforts of self and others;
this requires thinking.

2. Technical work: Specialized, nonmanagement work done by engineering managers
if others cannot do it for them; this requires doing.

3. Operating work: Management and technical work that has been delegated to others;
this requires monitoring and controlling.
1.2.3 Chain of Command

The chain of command refers to the chain of direct authority relationships between supe-
riors and subordinates. This is derived from the traditional military systems.

1.2.4 Principle of Unity of Command

According to this principle, an individual worker reports to a single superior.

1.2.5 Efficiency

Efficiency refers to the accomplishment of a given task with the least amount of effort.
Being efficient means not wasting resources (e.g., time, money, equipment, facilities, skills,
talents, and management attention).
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1.2.6 Effectiveness

Effectiveness refers to the accomplishment of tasks with efforts that are commensurate
with the value created by these tasks.

The paradigm “All things worth doing are worth doing well” should be replaced by “All
things worth doing are worth doing well only to the extent of their contributed value to
the company.” Engineers and managers need to be value conscious. Perfectionists have no
place in a progressive industrial environment.

1.2.7 Strategic and Operational (Tactical) Decisions

Strategic decisions are those that set the direction for the unit, department, and company.
These decisions determine what are the right things to do. Examples include which new
markets to pursue, what new products to develop, who should be engaged as supply chain
partners, and when the right time is to acquire which new technologies to enhance com-
petitive advantages. Operational decisions are those that specify ways to implement a spe-
cific task, project, or program. They define how things are to be done correctly.

STEM professionals with managerial responsibilities are involved in making strategic
decisions. Others working as technical contributors are typically involved with decisions
that are operational in nature.

1.3 Employment Trend in Industries

Graduates of STEM disciplines are typically employed in for-profit industrial companies,
which design, produce, market, and service products or services or both to their busi-
ness clients or individual consumers in the marketplace. In this section, discussions are
offered regarding the differences between products and services, the major trend regard-
ing employment into the future, and the special skills needed for STEM graduates to be
successful in the years ahead.

1.3.1 Products versus Services

Products differ from services in a number of ways. According to Tidd and Bessant (2013),
there are six characteristics that could be used to differentiate them:

1. Tangibility: Products are more tangible than services.

2. Perceptions: Product quality is assessed based on criteria such as functionality,
reliability, durability, and maintainability. Service quality is, on the other hand,
perceived based on physical evidence (the physical setting where the service is
offered), responsiveness (speed of service and willingness of staff to help), compe-
tence (ability to perform the service dependably), assurance (knowledge and cour-
tesy of staff and ability to convey trust and confidence), and empathy (provision of
caring and individual attention).

3. Simultaneity: Products are typically made in advance of consumption, whereas ser-
vices are consumed mostly at the time of production. Simultaneity brings about
the potential for quality management problems related to the identification and
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correction of service errors as well as capacity-planning problems to match supply
with demand.

4. Storage: Capacity-management problems may arise due to an imbalance between
supply and demand. Such problems may be mitigated by pricing (e.g., discounts
at off-peak time to induce demand), adding temporary workers or outsourcing or
both.

5. Customer contact: Services demand a high level of customer contact, some
more (medical, business consulting) and some less (financial service, informa-
tion), whereas products are typically sold in the absence of much customer
interaction.

6. Location: The proximity factor is more important for services than for products,
making services more local and less competitive. Only about 10% of services in the
developed economies are traded internationally.

Osterwalder and Pineur (2014) added a few more comparisons between the key features
of products and services. Intellectual property rights are very important to products, but
not so to services. Products are important as complementarities to other offerings of the
same companies, whereas services are not so. For producing products, there is a fixed cost
structure, which allows realizable gross margin to increase with production scale, whereas
services are predominantly produced on a variable cost structure, which can hardly scale
to raise gross margin. In general, products can be used in a variety of contexts because of
the inherent generic design knowledge. Services, on the other hand, may require exten-
sive customization to clients’ specific needs. It is important for companies to maintain
good long-term relationships with clients for products, who are generally knowledgeable.
Service clients are typically not technically sophisticated and they are to be served with
good project-driven relationships.

It is useful for STEM professionals to recognize the differences between products and
services, as the skills needed to successfully work for these employers are different. In the
next section, the different growth rates for the products sector versus the service sector
will be discussed.

1.3.2 Major Sectors in Industry

The economies of many countries consist of three major sectors: agriculture, manufactur-
ing, and services. In general, the agriculture and manufacturing sectors generate products
for sales, whereas the service sector offers services to business clients or individual con-
sumers or both. Over the years, significant changes have occurred in each of these sectors
due to technological advancement, market expansion, rapid change in customer needs,
and globalization. In countries, such as the United States, the service-providing indus-
try could make up as high as 80% of the total employment in the year of 2014, whereas
the roles of the agriculture and manufacturing sectors are steadily declining over time.
Figure 1.1 illustrates this remarkable trend.

Other countries are expected to experience a similar path of service expansion in the
years ahead, due to the continuous improvement in standards of living, the expansion of
the middle-class populations, as well as a change in demographics. As the percentage of
elderly people in all countries increases, it will result in demands for services related to
health care, hospitality, leisure, financial consultation, investment, and others. Table 1.1
indicates that from 2011 to 2050, the percentage of elderly people in all continents will
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FIGURE 1.1
U.S. employment trend (1850-2010).

TABLE 1.1
Global Demographics
Percentage of Population Aged 65 Working Age Persons Per Aged 65
or Older or Older Person

Continents 2011 2050 2011 2050
Europe 19.80 33.16 3.03 1.44
North America 16.61 27.42 348 1.81
Asia 7.92 21.49 7.33 2.61
Latin America 8.41 23.33 6.61 2.34
Africa 2.99 7.53 11.43 7.05
World 9.14 19.70 6.14 2.75

Source: Lacey and Wright 2009.

drastically increase and the ratio of working-age persons to older people is expected to
decrease accordingly.

The service-providing industry is typically divided into a large number of sectors, as
follows:

1. Professional and business services
2. Health care and social assistance
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3. State and local governments

4. Leisure and hospitality

5. Educational services

6. Retail trades

7. Financial services

8. Transportation and warehousing
9. Information
10. Utilities

In Figure 1.2, the projected percentage changes in U.S. employment by sector (2010-2020)
are forecast. Table 1.2 lists the projected job growth in the United States.

Companies providing services need talented people who are in a position to innovate
new ways to make present-day services cheaper, faster, better, and more convenient for
users. Opportunities are also available due to generally perceived needs to invigorate
productivity in the service sectors, which typically lag behind that of the manufactur-
ing sector. Tools such as Lean Six Sigma, total quality management, automation, value
stream mapping, and other are now increasingly applied to the service industry. More
recently, advanced tools, such as big data, analytics, service-oriented architecture (SOA),
cloud computing, and web services are being readily applied to discover insights from
internal as well as external customer databases to create competitive advantages in the
marketplace.

As the need for highly skilled professionals in the service sectors becomes evident, it
is advisable for STEM professionals to prepare themselves well to capitalize on such new
opportunities offered in the future, and not to limit themselves to only pursuing product-
related job opportunities.

Health care and social assistance
Professional business and services
Construction

Retail trade

State and local government
Leisure and hospitality
Educational services

Other services

Transportation and utilities
Financial activities

Information

0 1000 2000 3000 4000 5000 6000
Jobs (thousands)

FIGURE 1.2
Projected percentage change in US employment (2010-2020).
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TABLE 1.2
Projected Job Growth in the United States (2010-2020)

Year 2010 Year 2020 Change Percentage
Service-providing sectors 112,730.10 130,680.10 17,950.00 100
Health care and social assistance 16,414.50 22,053.90 5,639.40 31.42
Professional and business services 16,688.00 20,497.00 3,809.00 21.22
Retail trade 14,413.70 16,182.20 1,768.50 9.85
State and local government 19,513.10 21,154.80 1,641.70 9.15
Leisure and hospitality 13,019.60 14,362.30 1,342.70 7.48
Transportation and warehousing 4,183.30 5,036.20 852.9 4.75
Other services 6,031.30 6,850.70 819.4 4.56
Educational services 3,149.60 3,968.80 819.2 4.56
Financial activities 7,630.20 8,410.60 780.4 4.35
Wholesale trade 5,456.00 6,200.00 744.1 4.15
Information 2,710.90 2,851.20 140.3 0.78
Federal government 2,968.00 2,596.00 -372 -2.07
Utilities 551.8 516.1 -35.7 -0.20
Total U.S. job growth, all sectors 143,068.20 163,537.10 20,468.90 —
Fraction of service jobs in total — — 87.70% —

Source: U.S. Department of Labor, 2012, Occupational Outlook Handbook, Skyhorse Publishing (April 1).

1.4 STEM Professionals as Effective Technical Contributors
1.4.1 Types of Work Done by Technical Contributors

Practicing engineers (technical contributors) are empowered to do things correctly
(mostly operational) and to upgrade the ways that things are done. When assigned to
perform specific work, a practicing engineer is typically told of the specific work objec-
tives as well as any time line, budgetary, technological, and other constraints that may
apply. The engineer is then expected to develop a project plan, jointly define standards
with his or her superior, select methods of performing the work, carry out the tasks, and
deliver results. A document is prepared to summarize the project; this includes conclu-
sions; the impact of the outcome on the objectives of the group, unit, or company; and pos-
sibly suggestions related to potential improvements in methodology and future technical
applications of the results.

The performance of practicing engineers is evaluated according to how well they carry
out their technical assignments within the time and budgetary constraints, as well as the
value of the project outcome to the company. Young engineers entering an organization
are typically assigned tasks of a highly technical content for which their academic training
is best utilized.

To perform well as technical contributors, engineers are advised to pay attention to the
following five steps:

1. Demonstrate technical competence and innovative capabilities: In their early years, engi-
neers need to demonstrate excellent technical skills in performing tasks and proj-
ects. They practice fundamental engineering principles correctly, deliver work that
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is technically free of errors, and are sensitive to time and budget constraints. It is
also critically important for engineers to demonstrate their innovative capabilities in
product design, problem solving, conflict resolution, and other technological areas.

2. Practice people skills: Engineers should ensure that they communicate effectively
with others in both verbal and written forms. They need to interact with peers
and management in an acceptable manner. Their interactions with management
will be strongly enhanced if the engineers become familiar, through self-study or
academic courses, with the mind-sets and perspectives of the company managers
and with managerial issues and problems. They also need to demonstrate that
they are easy to work with and get along well with most people. Ravi Zacharias
said, “There is never a good reason to be unkind.”

3. Show an unfailing reliability: Engineers need to show that they are reliable in taking
on assignments that add value to their management and are capable of discharg-
ing responsibilities delegated to them.

4. Be proactive: Engineers should proactively seek team assignments, project coordi-
nation, and other roles to practice their managerial skills, foster teamwork, and
showcase leadership qualities. If opportunities do not knock, build a door.

5. Work skills: STEM professionals should equip themselves well with various work
skills that are expected in industry. These include (1) communications, (2) inter-
personal skills, (3) negotiation, (4) conflict resolution, (5) problem solving—root
cause analysis, (6) self-motivation, (7) project management, (7) team building, (8)
leadership and vision, (9) creativity and innovation, (10) entrepreneurship, (11)
stress management, (12) decision-making, (13) critical thinking, (14) time man-
agement, (15) study habits—learning to learn, (16) networking, (17) value-based
choice-making, (18) literature search and data analysis, (19) work ethics and integ-
rity, (20) use of social media, (21) relationship management, (22) budget and eco-
nomics, (23) engineering fundamentals, (24) application of system thinking, (25)
use of advance technological tools (Skype, NetMeeting, video conference, mobile
devices, etc.), and (26) keep knowledge and ability current.

6. Exhibit a readiness for advancement: Engineers need to ready themselves for assum-
ing a higher level of technical responsibility so that their employers are able to
entrust more challenging responsibilities to them. Engineers should strive to con-
stantly enrich themselves by acquiring new knowledge and creating increasingly
more value for their employers.

1.4.2 Interaction and Collaboration with Others

A typical modern-day engineering organization may have many departments, each focus-
ing on a group of specific functions. These groups may include (1) production and manu-
facturing, (2) construction, (3) design engineering, (3) systems engineering, (4) systems and
equipment maintenance, (5) project engineering, (6) program management, (7) process
development, (8) product development, (9) technology development, (10) customer service,
(11) applied research and development (R&D), and (12) others. Engineers may work in any
of these departments. Some engineers may elect to stay in specific functional areas for a
long period. Others may prefer to move from one functional area to another to attain a
well-rounded base of experience.

Figure 1.3 displays the typical interactions between various engineering and nonengi-
neering groups. Engineers are focused on creating value for their employers through their
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engineering
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FIGURE 1.3
Interactive functions within a product/service enterprise. Note that the linkages A to O are symbolic represen-
tations of the active transactions between the respective business units.

technical work, although they may get involved with various nonengineering functions
from time to time.

Different types of professional work require skills at different quality levels. Table 1.3
illustrates the 10 commonly defined quality levels. New and innovative services are typi-
cally realized by people at service quality level 10.

Companies in industry need to pursue strategic differentiation and operational excel-
lence in the products/services that they offer in order to sustain and extend market
competitiveness and achieve long-term profitability (Chang 2014). In so far as strategic
differentiation is concerned, market competitiveness must be built on product/service
innovations such that these value packages offered to customers are constantly renewed

TABLE 1.3

Skill Quality Level

Level Description

1 Able to follow role script in method when all resources are made available and there are no

exceptions and supervisory function is active to validate each step before execution to avoid errors
2 Able to follow role script in method when all resources are made available and there are no
exceptions to be processed, with minimal supervision and corrections from project manager and
other levels/roles using method
3/4/5 Able to follow roles script in method when all resources are made available and there are few/
several/many exceptions (nonstandard requirements)

6 Able to follow role script in method when not all resources are made available and there are many
exceptions (nonstandard requirements)

7 Able to follow role script in method and improvise as required

8 Able to do all roles in method

9 Able to do all roles in all methods

10 Able to improvise and innovate new offerings
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and uniquely differentiable from the competition. Marketing management, financial
analysis, and cost accounting are important tools to employ, when choices need to be
made to achieve long-term strategic advantages. These topics are covered in the second
part of this book. Operational excellence is also important, as companies need to mini-
mize wastes, streamline operations, and enhance productivity to maximize profitability.
Engineering management principles related to planning, organizing, leading, and con-
trolling will be needed to guide these operations. These subjects are covered in the first
part of this book.

To be successful in such an environment, professionals need to exhibit capabilities related
to communications, teamwork, collaborations, and results-orientation (Chang 2010). It is
also important for them to possess:

1. Customer-focused mind-set: A service mind-set consists of practicing a customer-
focus paradigm in the creation, delivery, and servicing of value packages to meet
customers’ important needs with a keen understanding that achieving customer
satisfaction is the driving force for long-term corporate profitability. Apply mar-
keting tools to understand customers’” needs, foster customer collaboration, and
create customer expectations.

2. Vision and leadership: Create vision, set direction, and make decisions that deter-
mine values in relation to new product/service offerings, business models, supply
chain partnerships, market segments, and emerging technologies.

3. Creativity and innovation: Invent new product/service offerings, and pursue inno-
vative programs to achieve market success.

4. Productivity and value creation: Utilize management tools to monitor business
activities, create value through customer interactions, and improve all operational
processes.

5. Design and development: Engage emerging technologies (e.g., big data, analytics,
SOA, and Internet-based enablers), to invent new products/services and improve
existing ones.

6. Ethics and professionalism: Set high standards and implement corporate codes of
ethics.

7. Global orientation: Ensure methods of supply through tiered partnerships, and
exploit global networks of resources to capitalize new opportunities.

1.4.3 Value-Adding Opportunities

As a technical contributor, every STEM professional would report to a superior who is
typically a supervisor or manager. The superior makes decisions that will have a profound
impact on the engineer’s contributions to the company and hence on his or her profes-
sional career. Exposure to the functions, concepts, skills, and best practices of engineering
management allows the engineer to better align his or her own work with the needs of his
or her superior and hence that of the company. The engineer is then in a better position
to accept the fact that his or her superior will typically decide whether or not to adopt a
new technology, program, or project primarily based on the value it can add to the com-
pany. The decision is likely to take into account the resources (e.g., money, people, time,
technologies, and business relationships) required for implementation. The decision will
not likely be made based on inherent technological sophistication, innovative strength,
rational elegance, or theoretical robustness.
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TABLE 1.4

Work Done by Technical Contributors and Managers

Characteristics

Professionals

Managers

Focus

Decision-making
basis

Technical /scientific tasks

Adequate technical
information with great
certainty

People (talents, innovation, relationships); resources
(capital, knowledge, process know-how); projects
(tasks, procedure, policy)

Fuzzy information under uncertainty (people’s
behavior, customer needs, market forecasts)

Involvement Perform individual Direct work of others (planning, leading, organizing,
assignments controlling)

Work output Quantitative, measurable Qualitative, less measurable, except financial results

when applicable

Effectiveness Rely on technical expertise Rely on interpersonal skills to get work done through
and personal dedication people (motivation, delegation)

Dependency Autonomous Interdependent with others

Responsibility Pursue one job at a time Pursue multiple objectives concurrently

Creativity Technology centered People centered (conflict resolution, problem solving,

Bottom line
Concern

“How” (operational)
Will it work technically?

political alliance, networks building)
“What” and “why” (strategic)

Will it add value (market share, financial, core
technology, customer satisfaction)?

Source: Adapted and revised from: Aucoin, B. Michael. From Engineer to Manager: Mastering the Transition,
Artech House, Norwood, MA, 2002.

Value is said to have been added if the company’s profitability is derived from

Increased sales revenues: For example, due to new product features, better customer
service, novel logistics in the delivery of products/services, shorter time to mar-
ket, and so on, when the company devotes a considerable amount of effort to the
creation of strategic differentiation.

Reduced cost to do business: For example, due to improved engineering and manu-
facturing productivity, raised operational efficiency, new synergy among aligned
business partners, simplified product design, better quality control, and so on, as
pursued by progressive companies in achieving operational excellence.

The superior sets project priorities. Priorities are usually set based on whether the antici-
pated value of a project is large or small, short term or long term, direct or indirect, and certain
or uncertain. Exposure to Engineering Management: Meeting the Global Challenges makes engi-
neers more effective in increasing their cumulative value contributions to their employers.

Table 1.4 summarizes the contrasting difference between work done by technical con-
tributors and engineering managers.

1.5 Management and Leadership

Engineers interested in moving into leadership positions need to know what it takes to be
selected as managers by their employers. In order to lead their enterprises to greater pros-
perity, they need to prepare themselves to accept leadership roles and responsibilities by
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honing their people skills and interacting effectively with peer managers in other corporate
functions, and become versed in the use of Internet-based management and technology
tools. They also must nurture a clear vision for the companies they work for, be innovative
and creative in product development and other ways of utilizing emerging technologies,
and possess the required business savvy with a customer focus and a global orientation.
This book assists engineers in acquiring the skills and attributes deemed essential for
assuming leadership roles in the new millennium.

Not all engineers are interested in becoming managers. This book, Engineering
Management: Meeting the Global Challenges, is useful to both engineers who want to remain
technical contributors and those who elect to become managers.

STEM professionals who aspire to become managers are advised to fully understand
these differences and the requirement associated with management work. An individual
should assess the compatibility of these implied requirements with his or her personal-
ity, aptitude, value system, personal goals, preparation, and other factors so that he or
she is convinced that taking on managerial responsibilities will indeed lead to long-term
happiness.

1.5.1 Readying Engineers to Accept Managerial Responsibilities

For those engineers who aspire to become managers, a comprehensive exposure to the top-
ics reviewed in this book enhances their readiness for being selected when such manage-
rial opportunities arise. Knowledge is power. The new knowledge gained from this book
can motivate engineers to experiment and to excel. They accumulate experience as they
systematically correct their own deficiencies and practice interpersonal skills, decision-
making, problem solving, delegating, cost accounting, strategic planning, project man-
agement, and team coordination. Both the new knowledge gained and the experiences
accumulated provide them with a decisive advantage over other management candidates.

Engineering managers must be able to lead. This is particularly true in the dynamic
marketplace of the new millennium, which is affected by sophisticated communications
tools, operational excellence enablers, flexible supply chains, and business operations of
global proportions. Operational excellence enablers are tools that are Internet based (see
examples discussed in Chapter 12). These tools enhance the efficiency of product design,
project management, plant operations, facility maintenance, innovations, knowledge man-
agement, marketing and sales, enterprise resources planning and integration, and pro-
curements. Since programs and projects will become increasingly interdisciplinary and
complex in the future, decision-making is likely to involve the use of web-based tools
and the participation of team members who have divergent cultural backgrounds, value
systems, business priorities, and work experience. Also much needed is the push for tech-
nological innovations, which many engineers are particularly qualified to provide. Those
engineering managers who are innovative and have both technological insights and busi-
ness savvy will have opportunities to create significant value for and be richly rewarded
by their employers in the new millennium (Cooper 2011).

This book is written to prepare STEM professionals to become better technical contribu-
tors or engineering managers to become better leaders in technical organizations, so that
all of them will add substantial value to their employers in the new millennium. This book
shows that certain management principles do not change over time (Griffin 2012). However,
management practices do change in response to changes in customers’ needs, employees’
attitudes, business models, technologies, organizational structures, resources, and external
business relations. Managers must be able to lead and manage these changes.
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A good strategy for young STEM graduates is to learn the fundamentals of management
(principles, skills, functions, roles and responsibilities, success factors, etc.), and then seek
opportunities to actively practice these skills, functions, principles, and management roles.
Opportunities to do so may exist in professional societies and volunteer organizations
(e.g., the United Way, churches, boy scouts, and girl scouts). As more management experi-
ence is accumulated, proficiency will result and allow the engineer to naturally stand out
when management openings become available in the future.

Example 1.1

Several U.S. universities offer the academic degree program that is concentrated on
engineering management. Others have developed the degree program for management
of technology. Are they fundamentally different from one another?

Answer 1.1

These two types of degree programs are essentially similar, with minor differences in
the course work involved. Both programs are aimed at training managers to become
managerial leaders in technology.

The management of technology degree program was envisaged to correct a deficiency
noted in the U.S. educational system (National Research Council 1987). This degree
program is designed to address important management issues, such as those enumer-
ated here, which were neglected in the master of business administration program that
existed at the time:

. Integrating technology into the overall strategic objectives of the firm

. Getting into and out of technologies more efficiently

. Assessing and evaluating technology more effectively

. Developing better methods for transferring and assimilating new technology

. Reducing new product development time

. Managing large, complex, and interdisciplinary or interorganizational proj-
ects, programs, and systems

7. Leveraging the effectiveness of technical professionals

NI WN -

Currently, the degree programs in engineering management offered by many U.S.
universities address these topics as well.

1.5.2 Characteristics of an Effective Engineering Manager

Engineering managers have engineering training and specific technical knowledge and
experience, and are accountable for the results of the unit, section, or department they
head up. Generally speaking, an engineering manager needs to be motivated to acquire
knowledge (e.g., roles, functions, and vocabulary) and skills; prepare mentally (job out-
look, management orientation, personality traits, and flexibility); and be determined to
diligently practice the principles of engineering management. Many skills of engineering
management are learnable.

The effective engineering manager is someone who has a clear vision to lead his or her
unit, is a rational and organized individual, devotes attention to focus on what custom-
ers are looking for (e.g., quality, convenience, flexibility, speed of service, and friendliness
in interactions), and practices a high standard with respect to ethics, fairness, and honor.
As a rule, managers decide what should be done (strategic), and technical contributors
determine how things are to be done (tactical). As an engineering manager rises in an
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organization, his or her daily decisions will become more strategic. The CEO of a company
makes strategic decisions only.

1.5.3 Resources Controlled by an Engineering Manager

In general, the engineering manager has a number of resources at his or her disposal,
which are to be optimally applied: (1) managerial time for planning, directing, monitoring,
and controlling; (2) staff with proper expertise available; (3) budget authorized to use; (4)
access to corporate hardware and know-how; (5) access to external capabilities (e.g., busi-
ness partners, independent inventors, and university experts); and (6) access to company-
internal management information. These resources are effectively utilized to (1) define
the priority of all tasks to be done; (2) determine the specific objectives of each task to be
accomplished; (3) specify the constraints for each task (such as time, budget, outcome); (4)
invite the assignee to suggest specific ways to accomplish the task; (5) monitor progress;
(6) document the task results; (7) glean important learning from this case; and (7) offer
individual feedback and evaluation.

1.5.4 Nature of Work by Engineering Managers

The work of engineering managers is four dimensional. Engineering managers need to
interface with and manage the interactions with subordinates, as well as coordinate their
own management actions with those of other managers and peer groups. They manage
their own time and efforts. They also attempt to anticipate the requirements of their supe-
riors by making recommendations for future courses of action. Figure 1.4 illustrates this
four-dimensional nature of work.

Engineering managers plan, organize, lead, and control people, teams, money, tech-
nology, facilities, and other resources to achieve the business objectives of the company.
To ensure company operations for the short term, they pay attention to problem solving
and conflict resolution. As a rule, engineering managers do not perform the technical
work themselves. Instead, they work through people. Their job is to decide what the unit,
department, or company should be doing to advance the objectives of the company and
then assign resources to implement their decisions.

An illustration of managerial concern is an issue related to product development. Some
companies initiate new product development on a market-driven basis. First, they use
market surveys and customer feedback to define product concepts of potential interest to
customers. Then they secure resources to develop the product concepts, manufacture the

Work with
superior

T
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:

Work with
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FIGURE 1.4
Four-dimensional work of engineering managers.
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prototypes, conduct tests of a prototype to further improve design details, and offer cus-
tomer services to market the products involved. Doing so allows them a high probability
of achieving commercial success. Other companies adopt a technology-driven approach.
They first invent and develop new technology, and then they incorporate the resulting
inventions and innovations in products that they hope to sell to the marketplace. Each of
these approaches has advantages and disadvantages. Surveys show that both approaches
have yielded successes and failures.

Another example is the potential difference in opinion between departments when
deciding on “buy versus build” options and on setting task priorities. Still another area of
potential disagreement is the choice about the level of standardization in product design
that reduces cost while allowing a sufficient level of innovation to enhance competitive-
ness. In general, enforcing a high level of standardization with strict rules and guide-
lines tends to impede creativity and innovation, as illustrated by Figure 1.5. Managers
are expected to constantly interact and work closely with other managers to resolve such
differences.

For those engineers who elect to become managers, there are skills that can be readily
learned to make them more efficient and effective. These include time management, work
habits, people-related skills (such as team building, communications, and motivation), and
use of decision support tools (e.g., multicriteria decision-making [Triantaphyllou 2010],
what-if analysis by modeling, risk analysis, Monte Carlo simulation, forecasting, statistics,
regression, linear programming, optimization, and office technologies).

Example 1.2

The company wants to develop a new product to preemptively enter the marketplace.
Current information from marketing is sketchy, and the market size cannot be pre-
dicted accurately. Indications are that foreign imports are about to foray the market,
causing the company to lose the precious opportunity of a preemptive entry.

Should the company initiate a product development program now or wait for more
marketing information? Are there other options available to the company?

Answer 1.2

Yes, there is a third option: The company can act as a distributor and import the foreign
product itself, but with its own brand name. This will allow the company to gauge
the market acceptance of a low-quality and low-price product. If the results show that

Standardization

Innovation and creativity

FIGURE 1.5
Standardization.
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customers like the product and the market size is large, then the company can continue
importing or develop a low-cost alternative to compete.

Selling a foreign product under the company name requires that the company enter
into a private-label production contract with the foreign producer. Typically, such an
arrangement includes some of the following elements:

* The contract is good for a predetermined period (e.g., two years) and renew-
able with mutual consent. The company agrees to pay a unit product cost of
x dollars for at least y units per year. The foreign producer agrees to hold the
product defect rate at or below z per thousand. The foreign producer remains
an exclusive subcontractor to the company for the product types in question
during the contract period.

¢ The company respects all proprietary design and other know-how of the for-
eign producer. The company is obliged not to use any proprietary design of the
foreign producer for the development of its own product or for use by its new
production partners.

* The company is responsible for marketing, distributing, selling, and serv-
ing the product in the target market (e.g., the United States). The foreign pro-
ducer agrees to upgrade product design, based on the marketing inputs of the
company.

* The company strives to invest in the foreign producer for creating the next gen-
eration of products. The foreign producer has the first-refusal rights to accept
such investment (i.e., funds and technology).

e Each party can cancel the arrangement after an initial period of collaboration.
The foreign producer can go to someone else for marketing the product in the
target market. The company may develop its own products or engage another
foreign producer as a subcontractor. Thus, selling the foreign product does
not preclude the company from selling a similar product after the contract has
expired. Companies change subcontractors all the time.

Such a private-label production arrangement is typically a win-win arrangement.
The company can preemptively explore the market—that is, test the market and get
valuable feedback from customers regarding useful product features—without spend-
ing a lot of resources. The foreign producer achieves instant profitability that is assured
for the contract period, plus the potential of additional future investment from the com-
pany for the next-generation product design and production.

1.6 Becoming Effective Managers in the New Millennium

Future STEM professionals interested in assuming leadership roles in industry need to
acquire the useful T-personality by having a broad set of skills for managing relationships,
communicating and collaborating with others in multiple disciplines, and envisioning the
future to define what are the best courses of action to take in moving forward. They also
need to possess in-depth skills in specific domains to enable them to actually implement
some of the required work.

The basic functions of engineering management provide engineers and engineer-
ing managers with foundational skills to manage themselves, staff, teams, projects,
technologies, suppliers, and global issues of importance. Engineers innovate to solve



Introduction to Management Challenges for Engineers 17

problems and minimize conflicts to achieve the company’s objectives. They follow the
best practices in industry to monitor and control internal operations. They use proper
methods to make rational decisions and take lawful and ethical actions (Eisenfuehr
2010).

To facilitate the interaction with peer groups and units, it would be advisable for engi-
neering managers to acquire a broadened background in cost accounting, financial
analysis, managerial finance, and marketing management. Thus, the special cases of activ-
ity-based costing, ratio analysis, risk analysis by the Monte Carlo method, economic value-
added accounting, and marketing strategies are elucidated in Chapters 6 through 8. It is
believed that these new building blocks of added knowledge would enable engineers and
engineering managers to gain a better appreciation of the business of the company and its
stakeholders.

A critical step to developing technological projects is the acquisition and incorpora-
tion of customer feedback. By understanding the project evaluation criteria and the tools
of financial analysis, engineers and engineering managers will be in a better position to
secure project approvals. For them to lead, a major challenge is indeed the initiation, devel-
opment, and implementation of major technological projects that contribute to the long-
term profitability of the company.

The discussions on ethics, engineers as leaders, and Internet-based enablers for foster-
ing operational excellence provide additional building blocks to enhance the prepara-
tion of engineers and engineering managers to assume technology leadership positions.
Operational excellence encompasses all activities that enhance productivity and improve
effectiveness (such as applying enterprise resources planning tools, making procure-
ment more efficient via e-markets, enhancing customer services through Internet portals,
improving logistics using global positioning systems, etc.). Many tried-and-true rules are
included that serve as good guidelines for engineers and engineering managers to become
excellent leaders. Above all, so that they constantly augment the satisfaction of customers,
engineering managers are expected to lead by their vision of how to utilize company core
competencies to add value; by their insights into how to capture opportunities offered by
emerging technologies; and by their innovating ability in making products and services
better, faster, and cheaper. The concepts of value addition, customer focus, time-to-market
speed, mass customization, supply chains, enterprise resources integration, and others are
also reviewed.

Globalization is a major business trend that will affect many enterprises in the next
decades (Ritzer 2015). Knowledge of globalization expands the perspectives of engineers
and engineering managers with respect to divergences in culture, business practices,
and value. Engineers and engineering managers must become sensitive to the issues
involved and prepare themselves to contribute to enterprises that wish to capture new
business opportunities offered by the high-growth global markets in emerging coun-
tries. Engineers and engineering managers need to be aware of the potential effects of
job migration due to globalization and take steps to prepare themselves to meet such
challenges.

STEM professionals aspiring to leadership roles in the future should strive to practice the
engineering management functions (such as planning, organizing, leading, and control-
ling) as applied to teams, projects, and programs, while making use of their understand-
ing of business fundamentals (cost accounting, financial analysis and management, and
marketing management), to exert their leadership roles in creating strategic differentiation
and operational excellence for their employers.
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Example 1.3

John Snyder, an engineering manager, presented to the board of directors a project based
on the results generated by Steve Hill, one of his staff members. The board approved
the project and praised John for the excellent work done. At that moment, John failed to
mention to the board that the work was actually done by Steve. Afterward, John felt bad
about it and recommended to give Steve a bonus.

How would you assess John's handling of this situation?

Answer 1.3

It would have been more correct for John to initially point out to the board that Steve
was the one who did the actual work. However, John’s way of handling this situation is
acceptable in industry, since he did eventually recognize Steve’s contribution by offer-
ing a bonus. John should follow through by including Steve in his subsequent monthly
progress reports to his boss, the vice president of engineering, to set the records straight
and by formally recognizing Steve’s work in a staff meeting.

1.7 Conclusions

Products and services are typically offered by for-profit enterprises in industry, which in
turn engage highly skilled STEM professionals to perform various value-adding tasks.
These professionals interact with their in-house counterparts, as well as with stakehold-
ers external to their organizations (such as customers and suppliers) for work related to
the design, testing, marketing, and production of their specific products and services.
The skills required for STEM professionals to succeed in industry are thus complex and
demanding, as illustrated in this chapter.

For STEM professionals to become ready to assume leadership roles in industry, they
need to prepare themselves properly, by acquiring a customer-oriented mind-set, display-
ing the T-personality to contribute to both strategic differentiations (creating novel prod-
ucts/services) and operational excellence (improving process efficiency and enhancing the
cost-effectiveness of all operations) of their enterprises.

It is suggested that STEM leadership be built by adding value through the creation of
strategic differentiation (in new products and services) and operational excellence (process
efficiency and productivity) for employers, while focusing on actively pursuing creativ-
ity and innovation in an ethical manner in a globalized environment, and utilizing basic
skills in managerial fundamentals (planning, organizing, leading, and controlling) and
business fundamentals (accounting, finance, and marketing management). This book con-
tains three sections, which include:

1. Engineering management fundamentals (planning, organizing, leading, and
controlling)

2. Business fundamentals (accounting, finance, and marketing management)

3. Leadership in the new millennium (leadership preparation, ethics, globalization,
and operational excellence)

These three sections are specifically designed to address these domain skills and knowl-
edge to foster the building of STEM leaders in the globalized environment.
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A large number of themes permeate this book. The principal objective of this book is
to offer comprehensive discussions on engineering management functions, business fun-
damentals, and STEM leadership, which are designed to provide a broad foundation for
preparing STEM professionals to meet their future challenges in the new millennium.

QUESTIONS

1. Tom Taylor, the sales manager, was told by his superior, Carl Bauer, to take an
order from a new customer for a batch of products. Both Tom and Carl knew that
the products ordered would only partially meet the customer’s requirements. But
Carl insisted that the order was too valuable to lose. What should Tom do?

2. Nancy Bush, the plant manager, needs to decide whether to make or buy a compo-
nent for the company’s core product. She would like the advice of her production
supervisors, since they must implement her decision. However, she fears that the
supervisors will be biased toward making the component in-house, as they tend
to favor retaining more work for their people. What should Nancy do?

3. Student A, in order to graduate on February 4, works hard to finish her master of
engineering report by the due date of January 8. She is planning to return to her
home country immediately thereafter and get married. If she graduates on June
10, the next available graduation date, she will have to pay a tuition fee to keep her
student status active for one more semester. That would be a substantial financial
burden for her.

Her advisor, Professor B, is hesitant to accept the report as presented. The
report includes a major marketing activity designed by Student A to promote the
new service package of a local company. Because of logistics, this major market-
ing activity is scheduled to take place on January 20. No customer feedback data,
which are required to demonstrate the value brought about by the report, are
available before January 8. Professor B cannot bend the rules to pass the report
without these data.

Put your innovation hat on and recommend a way to resolve this conflict.

4. The engineering manager of Company A proposes to install an automated bar-
code scanner costing $4000. He estimates that he can save about 100 hours of labor
time per month, as products can now be scanned much faster. He reasons that at
the wage rate of $15 per hour, the benefit for using the automated bar-code scanner
is $1500 per month, and the scanner can be paid back in 2.67 months.

As the president of Company A, do you agree or disagree with the way he com-
putes the cost-benefit ratio? Why or why not?

5. The new millennium imposes a number of challenges on business managers, who
are different from engineering managers and technology managers. Name a few
such challenges.

6. In the literature, it is generally said that innovations in the service sectors are lag-
ging behind those in the manufacturing sectors. Explain why this might indeed
be so.

7. There have been a number of articles in the business literature proclaiming the
potentially large contributions that data mining could make to the service sectors.
Show an example in which the application of data mining had actually made a
difference to a service company.
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Section I

The Functions of
Engineering Management

Section I of this book addresses the basic functions of engineering management, such
as planning (Chapter 2), organizing (Chapter 3), leading (Chapter 4), and controlling
(Chapter 5). These functions provide science, technology, engineering, and math (STEM)
professionals and managers with foundation skills to manage themselves, staff, teams,
projects, technologies, and global issues of importance.

Best practices are emphasized as pertinent standards for goal setting and performance
measurement. STEM professionals and managers solve problems and minimize conflicts
to achieve the company’s objectives. They use the Rational Decision method, among oth-
ers, to make decisions and take lawful and ethical action. They apply Monte Carlo methods
to assess projects involving risks and uncertainties. They engage emerging technologies,
motivate a professional workforce of diverse backgrounds, develop new generations of
products and services in a timely manner, and constantly surpass the best practices in
industry.

The roles of STEM professionals and managers in strategic planning, employee selection,
team building, delegating, decision-making, and managing creativity and innovations are
explained. The development of managerial competencies is emphasized.
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2

Planning

2.1 Introduction

Planning, a major function of engineering management, is the work done by an engi-
neering manager to predetermine a course of action. Planning defines who will do
what, how, where, when, with which resources, and for what objectives. The purpose
of planning is to enhance the effectiveness and efficiency of the company by providing
focus and direction (Daft 2015; Institute of Leadership & Management 2007; Zucker 2007,
Axson 2010).

Planning is made necessary by rapid changes in technology (such as Internet-based man-
agement tools, enterprise resource planning software, big data analytics, broadband com-
munications options, and mobile access), the environment (customers, global resources,
competition, and marketplace), and organizations (such as mergers, acquisitions, supply
chain networks, alliances, and joint ventures). Louis Pasteur said, “Chance favors the pre-
pared mind.”

In this chapter, we will discuss the differences between strategic and operational plan-
ning, the planning roles of engineering managers, and the four specific planning activities
(i.e., forecasting, action planning, issuing policy, and establishing procedure) that every
engineering manager needs to master.

2.2 Types of Planning

Managers at various levels in a company engage in two types of planning: strategic plan-
ning and operational planning. Both types of planning add value to the company.

2.2.1 Strategic Planning

Strategic planning sets the goals, purpose, and direction of a company. The top-level
engineering managers (i.e., chief executive officer [CEO], chief technology officer, and
vice president of engineering) are usually involved in strategic planning for the company
(Johnson 2015; Fogg 2010).

Strategic planning focuses on identifying worthwhile future activities. Specifically,
strategic planning ensures that the company applies its resources—core competencies,
corporate know-how, proprietary technologies, skilled manpower resources, business rela-
tionships, and so on—effectively to achieve the short- and long-term goals of the company

23
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(Akdeniz 2015). The company’s future is painted on a wide canvas. The plan must have
much foresight. It deals with questions such as

1. What are the company’s mission, vision, and value system? The mission statement
of a company defines why the company exists in the first place, which market seg-
ments it serves, and what it will do to serve them. The vision statement spells out
the aspirations of the company with respect to its asset size, market position, busi-
ness standing, ranking in industrial sectors, and other such metrics. The value
system is the externalization of five or six specific corporate values emphasized by
the company. Some typical values favored by U.S. industrial companies include
quality, innovation, social responsibility, stability, honesty, quality of life, and
empowerment.

2. What business should the company be in?

3. Does the company need to change its product portfolio, market coverage, pro-
duction system, or service capabilities? If so, why? Strategies of constant change
develop a chameleon culture in which the organization seeks to reinvent itself to
become leaner, flatter, more flexible, and more profitable.

4. What specific goals (such as profitability, market share, sales revenue, technology
leadership position, global penetration, etc.) should the company accomplish, by
when, with what investment, and by which core competencies?

5. What business networks should the company establish via supplier alliances,
co-marketing partnerships, production joint ventures, and other forms of
collaboration?

6. Which new products should the company offer?

7. What core technologies should the company maintain, develop, acquire, or
utilize?

8. Which performance metrics are to be used for monitoring the company’s
progress?

9. How should the company tackle the daunting challenge of making innovation
central to the company’s products, processes, or relationships?

Science, technology, engineering, and math (STEM) professionals who participate in
such planning activities know that they need to set aside their parochial technology mind-
set and look at the broader picture. They also know that they need to keep lots of iron in
the fire and it is whichever ones are coming to fruition that they go with. The horizon of
strategic planning is usually spread over 5-10 years, although it may be reviewed at more
frequent intervals to adjust to potential changes in the marketplace.

2.2.2 Operational Planning

Managers at both middle level (managers and directors) and lower level (supervisors and
group leaders) perform operational planning to define the specific tactics and action steps
needed to accomplish the goals specified by top management (Duggan 2011). Managers
and directors break down the company goals into short-term objectives. Supervisors and
group leaders specify events and tasks that can be implemented with the least amount
of resources within the shortest period of time. Operational planning ensures that the
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company applies its resources efficiently to achieve its stated goals. Questions considered
in operational planning include the following:

1. What is the most efficient way of accomplishing a project with known objectives?

2. What is the best way to link up with three top suppliers in the marketplace for
needed parts?

3. What are the operational guidelines for performing specific work?

Operational planning involves a process of analysis by which a corporate goal or a set
of corporate intentions is to be accomplished by performing a group of action steps. These
steps are then formalized for easy implementation. Furthermore, the consequences for
the business are articulated at each step. Operational planning focuses on the preserva-
tion and rearrangement of established categories (e.g., major strategies defined by upper
management, existing products, and organizational structures). Operational planning is
essentially a programming task that is aimed at making the attainment of various strate-
gic goals possible. Operational planning is also called platform-based planning because it
extrapolates future results from a well-understood, predictable platform of past experi-
ence. The results of such planning are predictable because they are based on solid knowl-
edge rather than assumptions.

Compared with strategic planning, operational planning is easier for engineers to
accomplish because past experience and examples are usually available as references.

2.3 Who Should Do the Planning?

Planning is best accomplished by those who have direct knowledge of the specific sub-
ject matter involved. In the past, strategic planning was accorded emphasis and atten-
tion by the top management of an enterprise. Company after company set up high-level
corporate planning departments made up of full-time planners to devise business strate-
gies. This approach failed to generate the expected business results. As documented in
the literature, one of the key weaknesses of this approach was that the strategic planners,
while being superior analysts of hard business data, were outsiders insofar as the various
specific business functions (marketing, production, engineering, and procurements) were
concerned. What was not apparent at the time was the fact that planning new strategies
for the future required both hard data and intuitive assumptions. The success of the deci-
sion to introduce assumptions, and the extent to which these assumptions could be vali-
dated, depended very much on the planner’s hands-on management experience, intuitive
know-how, and in-depth insight of the specific business activities involved. As such, many
plans devised by these strategists were poor. Furthermore, business managers in operat-
ing departments did not wholeheartedly embrace the plans envisaged by these outsiders.
Since then, many companies have abolished their corporate strategic planning depart-
ments altogether and have reassigned this important planning function to the leaders of
the business units themselves.

The moral of the story is that the most effective way of creating strategic plans for
specific businesses or activities is to entrust such planning to those who are intimately
involved with the particular businesses and activities. This paradigm is consistent with
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the empowerment doctrine, being the current industrial best practice, whereby decisions
are delegated downward to lower-level persons who have direct knowledge and in-depth
understanding of the subject matter at hand.

2.4 Inexact Nature of Strategic Planning

Strategic planning requires an immense amount of critical thinking (Spender 2014). It also
involves synthesis that likewise requires intuition and creativity. Performing strategic
thinking will bring about an integrated perspective of the enterprise, a foresight—albeit
not too precisely articulated—of the company’s direction that is built on insights from
experience as well as hard data from market research, as it is based on learning by people
at various levels involved in conducting specific business activities. Strategic planning
invents new categories rather than rearranging existing ones, and synthesizes experience
to move the company in a new direction. Managers should encourage others to join in the
journey and to shape the company’s course, thus creating enthusiasm along the way. Broad
participation is therefore strongly advisable.

Strategic planners use various kinds of inputs. Study after study has shown that, in addi-
tion to hard data, the most effective managers rely on soft information—gossip, hearsay,
and various other intangible scraps of information—to develop plans. A key part of stra-
tegic planning is to create a vision for the company of what the company aspires to be. To
formulate such a vision, the planners must be able to “see.” This is only likely when they
are willing to get their hands dirty digging for ideas and extracting the strategic messages
from them. Collecting these ideas as building blocks is instrumental to the development
of useful strategic plans. Sanford Weill said insightfully, “Details create the big picture.”

Once information becomes available, strategic thinkers comprehend it, synthesize it, and
learn from it. They test ideas and verify the convergence of ideas before they define new
strategies. Sometimes, strategies must be left in flexible forms, such as broad visions, in
order to adapt to a changing business environment.

Strategic planning may be undertaken following a “discovery-driven approach”
(McGrath 2010). In situations involving the definition of the company’s future direction,
most planning inputs are based on assumptions about the future. Because the ratio of
assumptions to facts is usually high, the success rate of the resulting plans is typically
low. Therefore, strategic planning should be a continuous process and not a single task
or event to be taken care of at well-defined milestone dates. It involves constant learning,
acquisition, and interpretation of hard data and soft information, as well as staff discus-
sions related to operational feasibility, resource allocation, and performance management.
Strategic planning requires the discipline of systematically identifying and validating key
assumptions introduced in the planning. As more data and knowledge are discovered,
more assumptions are validated to form an increasingly solid knowledge base for updat-
ing the planning. Strategic planners should engage many participants at various levels to
benefit from the relevant corporate expertise and broad-based perspectives available.

The major difficulties of strategic planning can be traced back to three inherent charac-
teristics of such planning:

1. Prediction of the future: Certain future events are more predictable than others; for
example, seasonal variations of weather and election-year cycles. Other predic-
tions, such as the forecast of discontinuities—technological innovations, price
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2.

increases, changes in governmental regulations affecting marketplace competi-
tion, geopolitical turbulences, and so on—are virtually impossible to predict
accurately.

Applicable experience and insight: Strategies cannot be detached from the subject

involved. Planners must have in-depth knowledge and relevant hands-on experi-
ence of the subject at hand in order to set forth useful strategies.

. Random process of strategy making: The strategy-making process cannot be formal-

ized, as it is not a deductive, but a synthesis process.
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Studies have shown that strategic plans often fail due to one or more of the following
seven reasons:

N U B~ W N

. Not thinking strategically; for example, by limiting the strategy only to the short-

term needs and processes of the company.

. Failure to identify critical success factors for the company.

. Not having both an internal and an external focus.

. Lack of long-term commitment from company management.

. Reluctance of senior management to accept responsibility for tough decisions.

. Not leaving enough flexibility in the plans, thus causing difficulties in adjusting to

the changing environment.

7. Failure to properly communicate the plan and thus not securing support and

management buy-in.

It is advisable for those STEM professionals, who are involved in strategic planning, to
avoid being affected by these failure factors.

2.4.1 Methods Used to Plan Strategically

In adopting strategies, companies choose what to do and what not to do. Strategizing is
about making choices. In general, managers use three methods to make choices (Gavetti
and Rivkin 2005):

1.

Deduction: Based on data, managers invoke general administrative and economic
principles to a specific situation, weigh alternatives, and make rational choices.
This method needs a lot of data, and is useful for mature and stable industries.

. Trial and error: Experiment with several options and select one. This is good for

ambiguous, novel, or complex situations in order to experiment and learn from the
experience.

. Analogies: Various strategies are made by analogies. Decision-makers often need

to think back to a familiar situation, draw lessons from it, and apply those les-
sons to the current situation. However, making decision by analogy must be done
carefully.

Using analogies, managers pay attention to selected features of a situation, as opposed
to every aspect. The case study method works toward building students” analytical
thinking based on past experience in order to enable the transfer of lessons from one
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industry to another. To maximize the effectiveness of the analogy method in strategic
thinking, managers must be able to recognize similarities along dimensions that truly
drive business performance, and not be fooled by superficial similarities between
sources and targets. There are four ways to avoid superficial similarity when practicing
analogies:

1. Recognize the analogy and identify its purpose: Is there an analogy between the source
and the target to allow the target to contribute to a desired purpose?

2. Understand the source (old case): Define the environment, the solutions that worked
well in that environment, and the link between the environment and the winning
strategy. Then, check if the relationships discovered here applied to the target
environment.

3. Assess the similarities and differences between the sources and the target: Are the simi-
larities only superficial? Do the similarities exist along critical dimensions (e.g.,
dimensions that drive economic performance)?

4. Translate, decide, and adapt: Decide whether the original strategy, properly trans-
lated, will work in the target situation.

Other uncertainties that impede analytical reasoning are emotional attachment to an
early choice and the halo effect—decision-makers seek out supporting evidence and
ignore conflicting data (e.g., confirmation biases). The best approach of strategy planning
involves using all three methods (deduction, experimenting, and analogy).

Example 2.1

The method of analogy is important for developing strategic thinking. How can this
method be applied systematically and in a rational manner to minimize its potential
misuse?

Answer 2.1

The following rational method may be useful when applying the analogy methodology
in strategic planning:

1. List dimensions that characterize the source case, and which represent the past
known case. The solution to the past case is to potentially apply the present
case, the “target case.” One such dimension is “linkage between solution and
the achieved success in the past case.” It is important that such linkages exist
between cases in order to justify the use of the past case solution.

2. In describing the past case, classify the dimensions as “major” or “minor.”

. List some key attributes of the past case in each dimension.

4. Evaluate the present case in each of the listed dimensions in terms of relevant

attributes.

. Compare the attributes of the present case with those of the past case.

. Assess the degree of similarity and difference between the two.

7. Enter the result in the last column, “similar,” “somewhat,” or “no.” Of course, it
is crucial that the major dimensions are assessed correctly. If they are deemed
similar, then the present case can be determined as possessing a “deep similar-
ity” with the past case.

8. Apply the solution to the past case as the strategic solution to the present case,
only if a similarity is sufficiently established (see Table 2.1).

@

G
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TABLE 2.1
Rational Method of Applying Analogy in Strategic Planning

Source Case Target Case Is Target Similar to

Dimension Major/Minor (Attributes) (Attributes) Source?

1 Major (a,b) Yes

2 Major (c,d) Some-what

3 Major (ef) No

4 Major (g/h) Yes

5 Minor (1)) Maybe

6 Minor (k1) No

2.4.2 Technique to Gain Strategic Insights

Companies must consider the external environment, such as customers and competition,
when they plan strategically. Ubany and Davis (2007) offer a special “Three Circles” tech-
nique to deepen strategic insights (see Figure 2.1).

Let us draw three circles, one for a customer’s needs, one for a company’s offerings, and
one for a competitor’s offerings. When a company’s or a competitor’s offerings match with
a customer’s needs, these circles overlap. Specifically:

A: Area representing our advantages. How big and sustainable are our advantages?
Are they based on distinctive capabilities?

B: Area designating points at parity. This area indicates that we are on par with our
competitors. Are we delivering effectively in the area of parity?

C: Areas depicting our competitor’s strength. How can we counter our competitor’s
advantages?

E: White space. This is the area for growth. Ask customers how our strengths can be
made useful to them?

D, E and G: Areas denoting values produced by the company and the competitors
that the customers do not need.

Company’s offerings Customer needs
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Competitors’ offerings

FIGURE 2.1
Strategic insights in three circles.
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A key planning question to ask is: How can we devise strategies that would increase
area A, while reducing D and F.

2.5 Planning Roles of Engineering Managers

Engineering managers at the middle and low levels will predominantly devise operational
plans to achieve the short-term goals of the unit or department. As engineering managers
move up the corporate ladder, they are expected to participate increasingly in strategic
planning, with emphasis placed on technology, product, and production planning. They
may find it useful to follow the planning guidelines listed next, in order to add value to
the company.

It is important that engineering managers spend time and effort to actively assist their
direct superiors in planning. These tasks may include (1) analyzing hard data (industry,
competition, and marketing); (2) offering alternative interpretations of the data available;
(3) raising insightful questions to challenge conventional assumptions; and (4) commu-
nicating the resulting outputs of planning—programs, schedules, and budgets—to help
effectuate buy-in from others.

To optimally benefit from the knowledge, expertise, and insights of staff, engineer-
ing managers are encouraged to engage their staff and other employees in the planning
activities.

It is quite self-evident that engineering managers need to perform a number of planning
tasks:

2.5.1 Time Management

All managers need to plan and prioritize their personal daily tasks (such as problem solv-
ing, staff meetings, task specification, progress monitoring, and performance evaluation),
according to the value each task may add, so that high-value tasks are completed before
others. This is to maximize the value contributed by their daily activities (Feddox 2014).
Also to be included in the daily to-do list are tasks such as networking, continuing educa-
tion, and scanning emerging technologies, which are deemed important for advancing
one’s own career.

2.5.2 Projects and Programs

Engineering managers need to plan projects and programs assigned to them by upper
management. In doing so, they need to fully understand the applicable project objec-
tives, the relevant performance metrics used to measure outcome, and the significance
of this outcome to the company. They should carefully select staff members with the
relevant skills, expertise, and personality to participate in the project and seek their
inputs regarding tasks, resource requirements, preferred methodologies, and task
duration. They should then integrate all inputs to draft a project plan and distribute
the plan among all participants to iteratively finalize the relevant details. These details
include budgets, deliverables, and dates of completion. Managers must also secure
authorization from upper management before initiating work related to the projects
and programs.
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2.5.3 Corporate Know-How

The preservation of corporate know-how is of critical importance to the company for
maintaining and enhancing its competitiveness in the marketplace. Corporate know-
how comes in many types and forms. Certain documentable knowledge, such as patents,
published memoranda, operational manuals, and troubleshooting guides, is easy to save.
Others, such as insights related to procedures or perfected ways of designing the specific
products and services of the company, may require extra efforts to preserve. Managers
should plan to systematically capture, retain, and widely disseminate such know-how
to maximize its use within the company. Certain other cognitive knowledge is typically
retained mentally by the experts. Managers need to find effective ways to induce such
experts to willingly externalize this tacit knowledge for use by others in the company.

Problem-solving expertise is yet another type of corporate know-how worth preserv-
ing. Typically, engineering managers are busy resolving conflicts that may arise from dis-
agreements in task priorities, personality conflicts, customer complaints, interpretation of
data, and other conflicts. Managers need to solve these problems promptly. They should be
mentally prepared to jump from one task to another to handle such time-sensitive issues.
What should be planned under these circumstances is the preservation of the learning
experience garnered from each incident so that the company will become more efficient in
solving similar problems in the future.

2.5.4 Proactive Tasks

Engineering managers should plan to devote their efforts to proactively pursue certain
other tasks. These tasks include

e Utilizing new technologies to simplify and enhance the products and services of
the company.

¢ Creating business networks and searching for partners to form mutually benefi-
cial alliances.

e Offering new or enhanced services to customers (e.g., self-service, an information-
on-demand system, and an Internet-based inquiry center).

¢ Initiating new programs to promote healthy customer relationships.

¢ Developing novel products/services with distinguishable attributes (e.g., product
customization to serve customers better, cheaper, and faster).

¢ Reengineering and simplifying specific operational processes to increase
efficiency.

e Qutsourcing specific tasks to augment cost-effectiveness and to reduce time to
market.

2.6 Tools for Planning

Engineering managers utilize a number of tools to prepare strategic plans. Some of these
tools produce hard data, whereas others offer qualitative insights into specific subject
areas (ASQ Quality Press 2011). The following are examples of some useful planning tools:
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2.6.1 Market Research

Market research applies a number of tools to discover the preference of customers with
respect to the company’s products, services, marketing strategy, product prices, competi-
tive strengths, and brand reputation in the marketplace. Examples of such tools include
polling by questionnaires, product concept testing, focus groups, and pilot testing. The
outputs of market research help assess the company’s current marketing position and
future growth opportunities in the marketplace (Burns and Bush 2013; Malhotra 2014).

2.6.2 SWOT Analysis

SWOT is the abbreviation for strength, weakness, opportunities, and threats. Each com-
pany has strengths and weaknesses in comparison to its competitors (Mcguire 2014).
Because of the company’s strengths or core competencies, there may be opportunities
offered in the marketplace that the company ought to exploit aggressively. On the other
hand, because of the strengths of its competitors and the conditions in the marketplace,
the company may be subjected to certain future threats. Such potential threats could be the
result of technology advancement, business alliances, marketing partnerships, and other
such step changes accomplished by the competition. New governmental regulations and
policies may also affect the company’s business in the future.

A systematic monitoring of publications—patents, technical articles, news releases, and
financial reports—represents an initial step in conducting a competitive analysis. A well-
performed SWOT analysis will bring to the fore an assessment of the company’s current
position. As such, the SWOT analysis procreates a road map by which a company can
make informed decisions about improving its core competencies to meet its current and
future business and operational needs. The analysis answers questions such as (a) What
does the company have in place today? (b) In which direction is the company headed in
the next three to five years, and (c) What is the company’s process of managing changes?

2.6.3 Financial What-If Analysis and Modeling

Spreadsheets are useful in modeling the financial performance of an operation. Financial
statements (such as an income statement, balance sheet, and funds flow statement—see
Section 7.3) are usually modeled in a spreadsheet program. What-if analyses are readily
performed to discover the sensitivity of the company’s financial performance relative to
the changes of specific input variables. In addition, such analyses permit the verification of
various assumptions incorporated into the financial models (Ragsdale 2014).

Most businesses have inherent risks due to the unpredictable nature of the business
climate, the liquidity of financial markets, certain governmental regulations and interna-
tional trade policies, currency stability, customer preferences, competition in the market-
place, disruptions induced by new technologies, and other factors. What-if analyses and
Monte Carlo simulations (see Section 6.4) may be applied to assess the impact of some of
these risk factors on a company’s business.

2.6.4 Scenario Planning

Scenario planning defines the major forces that may move a company in different direc-
tions, maps out a small number of alternatives futures (scenarios), defines narratives to
describe these scenarios, and develops options for managing within these future worlds
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Driving forces

Implications
and options

Critical uncertainties

Scenario framework Scenarios

Narratives

FIGURE 2.2
Scenarios planning process.

(Garvin and Levesque 2006). Figure 2.2 shows the scenario planning process involving a
number of components.

The key focal issue represents a significant upcoming decision or a strategic uncertainty.
The driving forces are themes and trends that are most likely to influence the key focal
issue in fundamental ways. Examples include social dynamics, economics, political affairs,
and technology. Some of these driving forces are more important than others. The top two
and most influential of these driving forces represent critical uncertainties. Using critical
uncertainties as axes, a 2 X 2 map, the scenario framework, is created. This 2 X2 map defines
four quadrants, the four futures, which will influence a company’s future directions. Each
of these four scenarios is then written up as a story. Planning participants then deliberate
on the implications of these four stories with respect to the key focal issue at hand. This
group’s deliberations will likely result in the identification of the company’s strengths and
weaknesses, as well as define strategic options for future directions. Early warning signals
are leading indicators that highlight the likely emergence of one scenario or another. These
signals must be constantly monitored in order to initiate a strategic reevaluation.

Why do we limit ourselves to only two critical uncertainties in the scenario planning
process? This is possibly because business people will typically use two-dimensional dia-
grams (2 X 2 maps), which are easily transposed onto paper to describe product positioning,
product classification, and business-related issues. Engineers are capable of envisioning
three-dimensional diagrams. Thus, the aforementioned concept could be easily extended
to three key uncertainties, providing a total of 8 (=2/3) scenarios for possible consideration
when each future is affected by three uncertain driving forces. Three uncertainties are
more realistic than two in evaluating the future of businesses. Molecular physicists are
trained to define the “state” of molecules by seven variables, namely, three spatial coor-
dinates, three velocity components, and one time variable. They typically think in seven-
dimensional space and use a seven-dimensional distribution function to define the state of
a molecule. Thus, one can easily envision a scenario defined by seven (not two) uncertain-
ties, offering many more scenarios for consideration. Engineering managers should try
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TABLE 2.2

Eight Scenarios Based on Three Critical Uncertainties

# Uncertainty1  Uncertainty 2 Uncertainty 3
1 High Low Low
2 High High Low
3 Low Low Low
4 Low High Low
5 High Low High
6 High High High
7 Low Low High
8 Low High High

to use at least three key uncertainties for scenario planning. Table 2.2 shows eight futures
influenced by three uncertainties.

As pointed out by Schoemaker (1995), scenario planning can capture a whole range
of possibilities in rich detail. It is a disciplined method for imagining possible futures.
Scenario planning reduces a lot of data into a limited number of possible states. Each sce-
nario tells a story about how various factors interact. Scenario planning is different from
the following:

1. Contingency planning examines only one uncertainty: What if we don't get the pat-
ent? Contingency planning starts with a base case and considers an exception
to it (what-if analysis). Scenario planning, on the other hand, explores the joint
impact of various uncertainties that take place concurrently. It tries to determine
the new state, as a result of the concurrent changing of several independent
variables.

2. Sensitivity analysis examines the effect of a change of one variable: While keeping all
other variables constant. This approach is effective for monitoring small magni-
tude changes in order to determine new states.

3. Not the same as complex computer simulations: Scenarios can include elements that
cannot be modeled, such as subjective judgments.

Whenever the future needs to be assessed, scenario planning is applicable. It applies
generally to decision-making under uncertainty. The methods of developing scenario
planning include the following:

1. Define the scope

2. Identify the major stakeholders

3. Identify basic trends

4. Identify key uncertainties

5. Construct initial scenario themes

6. Check for consistency and plausibility
7. Develop learning scenarios

8. Identify research needs
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9. Develop qualitative models

10. Evolve toward decision scenarios

Scenarios should describe generically different futures rather than variations on one
theme. Schoemaker’s (1995) article contains an example of scenario planning for an adver-
tising agency.

Garvin and Schoemaker (2006) pointed out that “there is no right or wrong scenario.”
Scenario planning has a number of advantages and disadvantages. The advantages are

1. Prepares managers for multiple, alternative futures.

2. Creates a common vocabulary.

3. Encourages strategic conversations.

4. Forces managers to articulate critical uncertainties.

5. Considers the interactions between these uncertainties and the likely implications.

6. Legitimizes divergent ways of thinking that are essential for success.
What are some of the disadvantages of scenario planning? These could include:

1. Is scenario planning no more than “pipe dreams and happy talk?”

2. Does it encourage wishful thinking and lead to a desire for one particular future
and outcome?

3. Is the absence of a tight link between scenario planning and formal goal setting
and action planning a cause for concern?

2.6.5 Performance Benchmarks

Performance benchmarks are those that have been successfully applied by successful firms
in the same or a related industry. When undertaking planning activities, it is important to
define these benchmarks for the purpose of measuring corporate progress. Hubbard (2014)
offers an excellent set of broad-based benchmarks, which include:

1. Customer-related measures: Product defects, just-in-time delivery, life-cycle product
cost, customer satisfaction score, order processing efficiency, percentage sales from
new customers, service quality, time taken between orders and product delivery,
and so on

2. Process-related measures: Time to market (i.e., the lapse of time from the initiation of
product design and development to product delivery to the marketplace), quality
standards, unit product cost, core competence development, labor hours per prod-
uct, and so on

3. Financial measures: Gross margin, net income-to-sales ratio, current ratio, sales per
employees, return on equity, sales growth rate, market share percentage, inven-
tory turn ratio, and so on

4. Employee-related measures: Turnover ratio, employee satisfaction score, skill build-
ing and development expenses per employee, and so on

5. Competition-related measures: Market share, cost of innovation, acquisition cost per
new customer, number of new products commercialized per year, and so on
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A large number of these quantitative metrics are available either from the financial state-
ments of the companies in the same industry or from public sources such as (1) banks that
offer loans to companies in a specific industry, (2) financial institutions that analyze and
compare companies’ performance on behalf of investors, and (3) service organizations that
offer the credit ratings of firms seeking debt financing.

These metrics serve well as industrial benchmarks against which to assess the current
status of a specific company and to define its new strategic direction.

Example 2.2

Quality is usually defined differently by different people in a company. Explain why.
Which quality definition is the correct one for the company to adopt?

Answer 2.2

Different people in a company may have different interests and perspectives in defining
quality. Examples are shown here:

1. Production: Quality is the reject rate and deviation from specifications (view of
a production engineer).

2. Value based: Quality is defined in terms of price and costs (view of a marketing
person).

3. User based: Quality is the degree to which a product satisfies the customer’s
needs. Customers do not appreciate less or more quality than they need (view
of a customer).

4. Product based: Quality is related to the number of attributes offered by a prod-
uct (view of a product designer).

For the company to succeed in the marketplace, quality is in the eyes of the beholder.
The user-based definition is preferred.

2.6.6 Technology Forecasting

Technology forecasting is of critical importance to those companies whose products are
composed of high-technology components. Companies must constantly examine, monitor,
and apply emerging technologies to enhance business performance. (Porter et al. 2011).
Engineering managers need to understand the value that any of these emerging technolo-
gies (e.g., big data, cloud computing, the Internet of Things, mobile communications, and
social media practices), may have on the products and services offered by their employers
and plan accordingly.

Another technological example is the speed of computing. It is almost a certainty that
the computing speed will continue to increase over time. The question for engineering
managers is as follows: How can business benefit from such advancements? Computing
speed may be used advantageously in computationally intensive problems, whose solu-
tions of finer granularity provide value to the business. Here are several examples that
illustrate how a refined granularity can help:

1. Data mining applications related to customer relations management may be of
direct benefit to business. Assuming that customer data (e.g., prices paid, items
bought, purchasing habits, and payment methods) are collected and available, a
detailed analysis could lead to an in-depth understanding of customer behavior,
not available heretofore, thus allowing companies to structure customized selling
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and marketing programs to achieve better customer satisfaction, enhanced brand
loyalty, and improved company profitability.

2. Refined modeling of key components in turbomachinery (e.g., compressors, blow-
ers, and pumps) by using computational fluids dynamics programs could raise
aerodynamic performance and reduce energy consumption.

3. Plant operations groups typically have accumulated a significant amount of data,
observations, and experience in maintaining and troubleshooting equipment and
facilities. Such information is dispersed widely, difficult to redeploy, and remains
useless. A data mining application could help in getting the information orga-
nized and ferreting out valuable knowledge from the wasteful piles of raw data.
The application of such knowledge could lead to productivity enhancement in
plant operations.

4. Sophisticated computer models could be devised to impact-test automobiles,
instead of crash-testing expensive vehicles at speeds of up to only 40 miles/hour,
in order to design better, safer, faster, and cheaper cars.

It is quite certain that engineering managers will be able to envisage many other compu-
tationally intensive problems that can be processed to reap business benefits.

2.6.7 Product Life-Cycle Analysis

Every product has a life cycle that moves typically through the stages of initiation, growth,
market saturation, and decline (Kloepffer and Grahl 2014). Engineering managers need to
examine the life cycles of all products marketed by their enterprises. Doing so will guide
them in introducing new products or product enhancements in a timely manner in order
to sustain company profitability.

Tools for operational planning include the following: Microsoft Project 2013, Enterprise
Project Management Timeline, critical path method (CPM), program evaluation review
technique (PERT), and others listed in Section 12.2.2.

2.7 Planning Activities

The activities of planning involve strategic and operational planning. Strategic planning
requires forecasting, action planning, and issuing policies. Operational planning necessi-
tates action planning, issuing policies, and establishing procedures. Some planning activi-
ties are proactive, others are reactive in nature.

2.7.1 Forecasting

The objective of forecasting is to estimate and predict future conditions and events.
All forecasting activities center on assessing future conditions in technology, products,
marketplace, and other factors affecting the business success of the company (Ray 2015;
Hyndman and Athanasopoulos 2013). The marketplace revolves around customers, com-
petition, economy, global supply chains, human resources, capital, and facilities.
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Forecasting helps to define potential obstacles and opportunities. It sets boundaries
for possibilities to help focus on specific future conditions, define worthwhile objectives,
promote intergroup coordination, provide the basis for resources allocation (manpower,
budget, facilities, and business relations), and induce innovation through forecasted needs
(Zhu and Fung 2010).

Forecasting may be implemented by using the following steps:

1. Identify: Critical factors that have the most profound effects on the company’s
profitability.

2. Determine: The forecasting horizon as short term (1 year), intermediate term
(2-5 years), or long term (5-10 years).

3. Select: Forecasting methods such as

a. Mechanical projection. The future is projected assuming essentially the same
characteristics as in the past.

b. Analytical projection. The future is estimated based on an extrapolation of
the past (trend analysis). Statistical tools such as linear or nonlinear regres-
sion, moving averages, exponential smoothing, time series, and others may be
applied.

4. Forecast: Future eventualities and their likelihood of occurrence.
5. Prepare: The forecast, as well as the pertinent database.

6. Adjust: Forecasts regularly to incorporate pertinent changes related to assump-
tions and desirable results.

7. Ensure: Understanding and acceptance by all parties affected by the forecast.

Several observations are worth noting. Major economic events such as prices, wages,
raw materials, and so on tend to change gradually. The farther an event is projected into
the future, the greater the probability of significant deviations between the forecast and
reality. Certain future events tend to result from current and past occurrences, as long as
there are no disruptive changes in technology or society, such as wars, natural disasters,
or major incidents. The future may be planned with detailed, factual knowledge of the
present and the past under those conditions. It is important to screen ideas by using proper
criteria that are consistent with the company’s objectives, technical capabilities, financial
viability, and marketplace compatibility. Useful inputs may be offered by customers, sales-
people, production employees, service clerks, and others who possess intimate knowledge
of specific subjects.

Engineering managers are likely to get involved primarily in technology forecasting. As
discussed before, forecasting the impact of new technologies on future businesses is par-
ticularly difficult. For example, in the past, few companies understood the significance of
the Internet to company operations and the marketplace. Questions like those enumerated
next did not have clear answers:

1. What will be the impact of broadband technology (cables, optical networks) to
communications?

2. How will nanotechnology affect engineering activities such as product design
and equipment operation in the future?

3. Will the next wave of new products be smart appliances and intelligent devices?
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4. What happens if processors get more powerful and intelligent devices get smaller
and more mobile?

5. What about the molecular switching devices that Hewlett-Packard is said to be
working on that could lead to computational devices about one million times
smaller than those we have today?

6. What will be the impact of “pervasive computing,” “big data analytics,” “cloud
computing,” “mobile computing,” and “open innovations” on consumer markets?

7. How quickly will personal computers (PCs) lose their market value, once alterna-
tive devices that allow customers to access the Internet, get and send messages,
purchase goods and services, activate entertainment programs online, and control
home appliances remotely become widely available?

8. How will the new technologies related to intrinsic and extrinsic smart materi-
als, which exhibit sensing and other capabilities, impact on the industrial product
design in the future?

To forecast the impact of new technologies, engineering managers must be properly
prepared. Some business researchers portend that people with broad perspectives and
variable professional experience and exposure may have a better chance of accurately fore-
casting the impact of emerging technologies, market trends, and other future conditions
that require “foresight.” Teams whose members have diversified backgrounds in engineer-
ing, product design, manufacturing, marketing, service, and sales are said to be better
equipped in handling technology forecasting that could benefit from the divergent experi-
ence and insights of composite teams.

Engineering managers whose backgrounds are broad-based are likely to be more suc-
cessful in technology forecasting if they are supported by teams that also have diverse
experience.

Example 2.3

The U.S. economy is shaped by a number of factors. The ongoing conflicts in the Middle
East and associated global anxiety rankle the business environment and influence
employment and consumer spending. Correctly reading trends in the economy can
make or break a business. Where can an engineering manager find data that could help
predict the direction of the economy?

Answer 2.3

There are leading and trailing indicators for the economy. The 2008-2009 U.S. recession
differed from others in its cause, severity, and scope. According to a recent assessment
published in the literature, many of the commonly used indicators did not forecast well.
These indicators include stock prices, unemployment claims, housing starts, orders for
new capital equipment, and consumer sentiment.

Gene Sperling, who served as director of President Clinton’s Council of Economic
Advisors, offers some advice for business leaders to get ahead of the competition by
becoming their own economists (Sperling 2003). Specifically, he suggests that the follow-
ing set of indicators be used: (1) CEO opinions, (2) temporary jobs, (3) consumer spending,
(4) bank loans, (5) semiconductors, (6) commercial structures, and (7) housing markets.

2.7.2 Action Planning

Another important activity related to planning is action planning, which is the process
of establishing specific objectives, action steps, and a schedule and budget related to a
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predetermined program, task, or project (Kerzner 2013). Action planning helps to focus
on critical projects that need attention and action. The identification of critical projects
enables the company management to pay attention primarily to planning for deviations
that may arise—the principle of management by exception. Furthermore, action planning
states specific results to be accomplished. Defining results to be accomplished requires
the planner to make judicial selection and exercise judgment. In addition, action plan-
ning provides standards as milestones that facilitate control and clarify accountability for
results. It also permits an effective delegation of responsibilities (who is responsible for
what results), encourages teamwork, and ensures an evaluation of the overall performance
of the program, task, or project on a continuous basis.
Action planning mandates engineering managers to take the following specific steps:

1. Analyze critical needs: Critical needs are those associated with staff development,
staff maintenance, and staff deficiency, as well as those related to special assign-
ments. Managers define these needs by reviewing standards related to position
charters, duties, management expectations, and company goals. Short-term needs
must be in balance with long-term needs.

2. Define specific objectives: Specific objectives need to be defined to satisfy the
critical needs. The results statement (who will attain what desirable results by
when) must be specific. Establishing objectives predetermines the results to be
accomplished.

3. Define standards: Standards measure the attainment of the objectives. The stan-
dards should preferably be quantitative in terms of performance ratios, percent-
ages, cost figures, resource parameters, and other factors in order to be measurable
(Kaplan and Norton 1996).

4. Define key action steps: The definition of key action steps establishes the sequence
and priority of steps required to attain objectives. Specifically, major steps are
lined up in the order in which they are to be performed; this list includes the eval-
uation of risks for the steps planned, the definition of contingency steps to ensure
the expected results, and the specification of who is responsible for each step and
who is accountable for achieving the target value associated with each step.

Action steps must be reasonably implementable. After the expected results are
defined, engineering managers should plan these steps with the active participa-
tion of the workers involved to benefit from their creativity and expertise in the
subject matter.

5. Create a schedule: Scheduling establishes both a time sequence for action steps and
the interrelationship among the steps, as some might be prerequisites for others.
It is advisable to estimate the optimistic (earliest), the pessimistic (latest), and the
most likely (most probable) dates of possible completion of each step. Doing so will
permit a more realistic modeling of the project schedule.

Sufficient scheduling flexibility should be included to account for contin-
gency—more for projects related to new development and less for routine design
and analysis work. Contingency refers to the slag and cost buffers introduced to
account for undefinable, yet generally anticipated, deviations from the plan.

The most important outcome of the scheduling effort is the definition of the
project or program completion date. The engineering manager, as the leader, is
accountable for completing the project or program on time.
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6. Develop a budget: Budgeting allocates resources necessary to accomplish project
objectives. The planner determines the basic units (man-hours, man-weeks) to
accomplish each task, estimates the total resources needed for the project, and
adds a contingency to the total amount for potential deviation (e.g., 7%-10% of the
total budget, dependent on the customary percentages used in each industry) to
arrive at a total budget.

The budget estimate is typically the basis for seeking management approval for the proj-
ect or program. The project leader is accountable for completing the project or program
within the approved budget.

For complex projects that involve many participants (e.g., peer departments, external
suppliers, and outsourcing service organizations), project management tools such as PERT
or CPM may be applied. These tools produce time lines, graphically diagram the tasks
network to facilitate monitoring and control, and determine the tasks linked along the
critical path. Consequently, the shortest time in which the project can be completed can be
determined. Managers are then reminded to monitor these critical path tasks carefully in
order to avoid project delays.

A well-developed project plan serves the purpose of promoting communication, moni-
toring progress, evaluating performance, and managing knowledge.

2.7.3 lIssuing Policies

For companies to operate smoothly and consistently, corporate rules and regulations are
used to prescribe acceptable practices. Company policies address important issues such as
employee hiring and termination, equal employment opportunity (EEO) policies, annual
performance appraisals, savings plans, benefits, medical insurance, pension plans, sick
leave, safety, contact with representatives of competitors, and other issues. At the depart-
mental level, specific rules may be defined to regulate tasks that are repetitive in nature,
such as filing reports after each completed business trip, submitting monthly or quarterly
progress reports to summarize achievements and preserve new lessons learned, and out-
lining future work (i.e.,, attending scheduled staff meetings, publishing engineering or
scientific articles, participating in professional and technical conferences), and other tasks.

Managers may write policies to offer uniform answers to questions of common concern.
In general, policies are continuing directives promulgated to address repetitive issues,
tasks, and problems in an organization. Policies are useful for predeciding answers to
basic repetitive questions, capturing the distilled experience of the organization, saving
management time, and facilitating delegation. Issuing policies is a part of the manager’s
planning responsibilities.

To be effective, a policy must have certain common characteristics, such as: (1) applies
uniformly to the organization (or specific engineering unit) at large; (2) remains relatively
permanent, unless and until repealed; (3) fosters the objectives of the company; (4) frees
managers and employees to focus on important matters; (5) encourages effective teamwork
by reducing disagreements, conflicts, and differences in interpretation; and (6) is issued by
top management or authorized managers with perspective, balance, and objectivity.

2.7.4 Establishing Procedures

Companies perform many important tasks such as product design, plant operation, proj-
ect management, equipment installation, facility maintenance, manufacturing, system
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engineering, parts procurement, product delivery, customer service, and others. The spe-
cific methods by which these tasks are performed represent the valuable corporate know-
how employees have learned to perfect. Over time, companies want to preserve these
“tried-and-true” procedures in manuals.

Developing procedures is of critical importance to a company, not only because doing
so will preserve the best way to perform repetitive work (to achieve high productivity),
but also because doing so will accomplish the following: (1) provide the basis for method
improvements; (2) ensure standardized action (such as quality control, resource saving,
and work reproducibility); (3) simplify training; and (4) retain corporate memory, such
as know-how, insights, knowledge, heuristics, proven safety practices, problem-solving
techniques, and so on.

Establishing and preserving procedures is part of the planning responsibility of manag-
ers. If generated in suitable formats, such procedures could be widely applied within the
company and among its business partners to garner competitive advantages in the mar-
ketplace. Techniques for developing procedures include

1. Concentrating on procedures for critical work that is in high demand, repetitive,
and time-consuming.

2. Charting graphically the work required—inputs, workflow, outputs, skills, and
resources.

3. Reviewing work characteristics carefully in order to decipher (a) why (is the work
really necessary?), (b) what (results are to be obtained?), (c) when (is the best time
to do it?), (d) where (is the best place—group, station, facility, or equipment—to do
it?), (e) who (is the person with the relevant training to do it?), and (f) how (signifi-
cant might be the impact of its outcome?).

4. Proposing procedures in the context of existing objectives, policies, and programs
by keeping the procedures to a minimum; this will avoid restricting employee
imagination and incentive, as well as ensure consistent applications to minimize
deviations.

5. Defining improvements to procedures and updating them regularly.
6. Formulating the procedures in writing.

7. Communicating with all affected parties to ensure understanding and acceptance.

2.8 Some Specific Advice on Planning

Good up-front planning is essential for any company to achieve its desired corporate objec-
tives. Managers need to pay sufficient attention to planning activities in order to make
sure that certain pivotal factors are sufficiently addressed in the strategic or operational
plans they formulate.

2.8.1 Assumptions

Plans are typically built on both hard data and assumptions. Assumptions are usually
based on extrapolations of past experience and intuitive projections into the future. It is
important for managers to constantly seek and interpret additional resources and insights
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to verify their assumptions. This is to ascertain that the plans they introduce are built on
an increasingly solid foundation.

2.8.2 Resistance to Change

Any plan is worthless unless its objectives are achieved through successful implementation.
Implementation requires dedicated people who are supportive of and ardent about the sub-
ject matter involved. Managers need to take into account the suitability of people, including
their background, personality, training, mental flexibility, interpersonal skills, collaborative
attitudes, adaptability, and emotional attachments to specific ways things are done.

Most plans contain activities related to a change of the current status. Unfortunately,
most people resist change, particularly sudden changes. Change may induce business
instability, technology obsolescence, organizational restructuring, and other unwanted
disruptions. People may be more amenable to gradual changes if such changes occur at a
rate that they can understand and accept.

Managing change is a challenging task for managers. Managers need to recognize early
that change is coming. They may want to delineate the change in detail and analyze the
implications of the change as a way of preparing the staff and allowing them to become
gradually accustomed to such a change.

By paying close attention to how changes are being communicated to the staff, managers
may be able to minimize the resistance to change and gain support for the implementa-
tion of new plans. It is helpful for the managers to isolate and identify areas of threats
and opportunity. If needed, they should apply contingency plans for handling threats, but
focus on opportunities that will advance the company business.

2.8.3 Benefit versus Cost

When planning, managers need to be guided by the expected value that a given project
or program may produce. Low-value projects justify the commitment of low-level efforts,
whereas high-value projects justify the allocation of high-level efforts. Efforts applied
should be commensurate with the value added by the expected results. Otherwise, cor-
porate resources may be wasted. The saying “things worth doing are worth doing well” is
valid only to the extent justifiable by the expected value.

2.8.4 Small but Sure Steps

To be effective in planning, managers should (1) identify clearly the desired end results
and the series of small steps required to reach them; (2) allow a timely control and mid-
course correction, if needed; and (3) aim at attaining a series of small progressions (or
continuous improvements) that are more acceptable in many old-style companies than one
large achievement (or a step change) after a long period of time. On the other hand, some
start-up companies with an entrepreneurial spirit may be able to exercise patience, take
risks, and go for “blow-the-roof-off” breakthrough technologies and step-change products
or services. Managers need to adjust accordingly.

2.8.5 Contingency Planning

Contingency planning represents the definition of predetermined back-up steps to take,
if and when a specific action step, as originally planned, fails to deliver its anticipated
outcome.
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As discussed before, strategic planning for the future entails considerable risks and
uncertainties. Some of the changes in future conditions are unpredictable. Yet, strategic
planning for the future must be done today. Besides striving for acquiring hard data and
soft information to continuously validate the assumptions introduced in the planning,
managers should take an additional risk-modulating step: study exhaustively the sensitiv-
ity of various assumptions to the company business and incorporate contingency steps,
including fallback positions, in order to minimize the adverse impact of questionable
assumptions (Nokes 2014).

2.8.6 Commitment

Managers need to secure company commitment before any plan can be implemented
successfully. Company management must declare their intentions and their readiness to
allocate resources needed to achieve the planned objectives. Without a firm company com-
mitment, nothing of value will emerge from the planning efforts.

Example 2.4

Joe Engineer took a graduate school course at SUNY-Buffalo where he learned the
importance of planning. Joe knows that luck plays a big role in one’s life. But he is con-
vinced that proper planning will help him to have an orderly progression in his career.
He thinks that it would be cool to become a CEO of a publicly owned, multinational
company at the age of 60 and retire at 65 with a net worth of $5 million. He wants some
guidance with career planning. How can you help him?

Answer 2.4

It is advisable for Joe Engineer to follow a number of planning steps, enumerated
here:

1. Set objectives and specify subgoals: Before starting the planning process, we need
tointroduce an important assumption. In order for Joe Engineer to be entrusted
with a given management position in a publicly held major company, he needs
to have acquired and successfully demonstrated certain business management
capabilities beforehand. Obviously, this assumption may not be valid for small
and medium-sized companies that are privately held.

The CEO of a major company must be familiar with many functional areas,
such as (1) strategic management, (2) business management, (3) operational
management, (4) project or program management, (5) engineering manage-
ment, (6) production and manufacturing, (7) marketing management, (8) finan-
cial control, and (9) globalization. The future CEO must be able to demonstrate
sufficiency in various skills, such as

Public speaking and writing

Business analysis and planning

Public relations

Problem solving and conflict resolution
Interpersonal skills

Negotiations

Business relations development

Otbher skills

Therefore, for Joe Engineer to qualify for the CEO job, he must have gar-

nered useful management experience, possibly as a company president a few

years back. Future capabilities are, by and large, based on past experience.

70 -0 &0 TR
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Applying such a logic in a backward-chaining manner, Joe Engineer could
readily establish a set of milestones in his plans:

a. Corporate president at 55
b. Division president at 50
c. Vice president at 45

d. Director at 40

e. Manager at 35

f.

Supervisor at 30

g. Group leader at 25

2. Develop action plans: A forward chaining plan, which moves from the present to
the future, should be considered by Joe Engineer. As examples, the following
plan illustrates the qualifications that should be built up when advancing from
one stage to another:
a. Preparatlon (by a certain date)

i.

ii.

iii.

iv.

V.

Take steps to collect pertinent career development references and
acquire perspectives.

Talk with experienced engineers to obtain insights related to the costs
and benefits of the targeted objectives. The advantages and disadvan-
tages of being a manager are well known: power, prestige, and money
versus travel, 50-60 hour workweeks, job pressure, office politics, bal-
ance between work and home, and related factors.

Understand one’s own career objectives and the requirements to suc-
ceed. What are the “success factors” involved?

Be aware of one’s own strengths and weaknesses, personality type,
value system, personal requirements for happiness.

Confirm desirable objectives of moving into the managerial career
path.

b. Group leader

i.

ii.

iii.
iv.

Get a master of engineering degree to demonstrate technical compe-
tence (by a certain date).

Become well versed in engineering management concepts and prac-
tices (e.g., take courses or training).

Practice good interpersonal skills by doing volunteer work.

Network inside and outside the company (join technical societies,
attend technical conferences, publish technical papers, etc.) and know
some professional people well.

c. Supervisor

i
ii.

iii.

Seek training on supervision and practice teamwork with dedication.
Take advanced technical courses, if needed, to help become estab-
lished as a technical leader.

Broaden into marketing, production, and sales through business
interactions.

iv. Function as a gatekeeper for technology.
v. Demonstrate innovative capabilities.
vi. Continue networking and become known to many others inside and
outside the company.
vii. Attain recognizable technical achievements.
viii. Demonstrate managerial potential.
ix. Become known as a good problem solver.
d. Manager

i.

ii.

Demonstrate prowess in strategic planning, operation, and all other
engineering management skills.

Demonstrate capabilities in interacting with sales, marketing, produc-
tion, service, and customers.

45
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iii. Show success in initiating and implementing new technology projects
that affect the business success of the company.
iv. Achieve organization-wide recognition.
v. Form networks with decision-makers at various levels.
e. Director
i. Become widely known in one’s own industry.
ii. Participate actively in industrial trade and technical conferences.
iii. Demonstrate leadership in strategic planning affecting the company.
iv. Be recognized for operational efficiency.
v. Make major contributions to direct the company’s businesses.
vi. Master the technology—marketing interface.
vii. Lead the company in applying emerging technology to constantly
strengthen competitiveness.
viii. Represent the company well to the press.
ix. Have real friends in high places.
f.  Vice president
Joe Engineer is encouraged to fill in the remainder of this plan as an exercise.
3. Budget and commitment
a. Invest the proper amount of resources (time, money, and effort) to ready
oneself for the next stages.
b. Make a firm commitment to carry out the action steps specified in the plan.
4. Review and update: Review the plan and make adjustments regularly to
exercise proper control of this career path. Knowing what it takes to move to
the next stage, and preparing oneself in time for that big opportunity ahead,
represent a good mantra for Joe Engineer to follow. Benjamin Disraeli said,
“One secret of success in life is for a man to be ready for his opportunity
when it comes.”

Example 2.5

Describe the top-five key lessons/insights you have learned/gained from this chapter,
including justifications.

Answer 2.5

The most important capability for future leaders to nurture and cultivate is strate-
gic planning, which requires the creation of a vision for defining future directions.
Forecasting technologies, business conditions, marketplace developments, and custom-
ers’ needs is critical but difficult to determine, as choices may have to be made based
on intuition, judgment, and hunches, rather than hard data. Future leaders need to nur-
ture strategic planning skills through keen observations, deep reflections, and trial and
error. Operational planning is more or less straightforward; it is essential for imple-
mentation, which includes 85% of efforts required in order to achieve success in any
endeavor. Planning activities are essential to both corporate and personal life. Policies
and procedures are mostly administrative in nature; however, they need to be taken
care of even though they are not particularly exciting or rewarding.

2.9 Conclusion

Both strategic and operational planning are important, because the success of a company
depends on creating new paths to the future as well as on implementing short-term opera-
tional plans to secure profitability at the present time.
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Engineering managers are expected to involve themselves in both strategic planning
and operational planning. Both types of planning require forecasting and action plan-
ning. To regulate work, managers may also participate in issuing policies and establishing
procedures. Among these planning activities, forecasting and strategic planning are dif-
ficult, as they involve making estimations of the future. The remaining planning activi-
ties related to policies and procedures are administrative or operational in nature. These
activities are rather straightforward and should appear to be relatively easy to understand
and implement. Doing extremely well in these administrative tasks will not necessarily
make a manager outstanding, but not doing well in them will project a negative image of
the engineering manager.

To demonstrate managerial leadership, engineering managers need also to be proficient
in technology forecasting. Technology forecasting involves the critical evaluation and
adaptation of emerging technologies so that the company’s products and services offered
to the marketplace become better, cheaper, and faster to deliver. A primary opportunity
for engineering managers to add value is to participate actively in creating technology
projects affecting the company’s future in major ways.

QUESTIONS

1. On the eve of leaving her alma mater, Stacy Engineer remembers the encouraging
words of the commencement speaker: “Graduation is the happy beginning of an
exciting life ahead.” She is, of course, excited about her new master of engineering
degree that she received with honor. But she is also a bit concerned about what to
do now to make her new life exciting and filled with happiness. Apparently, what
she needs is a road map into the future. How can you help her?

2. The company has always been focused on the high-quality and high-price end of
the market. Now, market intelligence indicates that some competitors are plan-
ning to enter the low-price and low-quality end of the market. What should the
company do?

3. Mission and value statements are indicative of the direction in which a company
is headed. What are typically included in the statements of mission and values of
well-known companies in the United States? Please comment.

4. What are included in the typical operational guidelines some industrial compa-
nies have developed? Please comment.

5. There are always risks (risks of failure) associated with the experimentation of a
new manufacturing process or with entry into a new global market. How should
one decide to proceed or not to proceed with a risky venture? What is the proper
level of risk for a company to take?

6. The marketing director needs to submit a strategic plan for entering a new mar-
ket. She knows she needs long periods of uninterrupted time. She considers two
options: (1) staying at home to do the plan or (2) delegating some parts of the plan
to her subordinates. What are the factors the director needs to consider when she
chooses the best way to come up with this plan?

7. XYZ Company has been a one-product company focused on developing and
marketing a package of innovative enterprise resource planning (ERP) software
specialized for law firms and operated in computers running on a proprietary
operating system software developed by the company. Customers must purchase
both the hardware and software as a bundled package from XYZ Company.
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The company also provides around-the-clock services to ensure that the combined
hardware and software system performs reliably, as lawyers are known to be typi-
cally disinterested in troubleshooting computer systems. This product-bundling
strategy works out well for the company, and the sales revenue of XYZ increases
dramatically during its first three years in business.

However, market intelligence shows that new ERP software products are now
being introduced by competitors. These new ERP software products are quite
capable of performing all of the data processing functions typically required by
law firms. Furthermore, these new ERP software products can run on any com-
puter using its existing operating system, thus eliminating the need for customers
to purchase dedicated computers.

The president of XYZ Company recognizes the potential threat imposed by
these new ERP software products. He wants to know the best counterstrategy he
should plan and implement. Design and explain this counterstrategy.

8. Sandy Smith is about to graduate from the University at Buffalo with a master’s
degree in engineering and a GPA of about 3.8. She wants to find a good job that
allows her to best utilize her strengths and capabilities. Her short-term goal is
to become an operations manager in a manufacturing enterprise in 10 years.
Modeled after Example 2.4, how should she plan to achieve this specific goal?
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Organizing

3.1 Introduction

Organizing is another important function of engineering management. Organizing means
arranging and relating work so that it can be done efficiently by the appropriate people
(Glushko 2013; Lewis 2014). Corporate efficiency is usually achieved by a proper partition
and distribution of work, as well as by a suitable coordination between the interrelated
groups of people participating in the work that is subject to time constraints, resource
limitations, and business priority.

Managers are empowered to design the organizational structure—the team, group,
department, and so on—and to define the working relationships conducive for attaining
the company’s objectives. Doing so will

¢ Ensure that important work gets done in priority order

® Provide continuity

¢ Form the basis for wage and salary administration

* Aid delegation

¢ Facilitate communication

® Promote growth and diversification

* Encourage teamwork by minimizing personality conflicts and other problems
e Stimulate creativity

It is generally true that dedicated people can make any organization work. However,
dedicated people in well-organized units can get outstanding work done. Bernard Russell
said, “Too little liberty brings stagnation and too much brings chaos.”

This chapter compares several basic forms of organizational structures commonly
employed in industry. Special emphasis is placed on teams composed of cross-functional
members. Illustrative examples are included for specific organizational structures, which
are used to enhance innovation, resolve conflicts at the interface between design and
manufacturing, promote collaboration at the interface between research and development
(R&D) and marketing, and foster employee motivation. The critical managerial tasks of
assigning responsibilities while maintaining control and establishing work relationships
are also discussed.
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3.2 Definitions

Before reviewing the managerial function of organizing, it is useful to introduce a few
definitions.

1. Span of control: The span of control refers to the number of people supervised by
a manager or supervisor. It may be small (a few people) or large (20 or 30 people).
The choice of a small or large span of control depends on workforce diversity, task
volume, and complexity of work, as well as on the geographic dispersion of work-
ers. Large span leads to lower costs and greater organizational efficiency, but it
also leads to a lower intensity of supervision. The current trend is moving toward
larger span of control, increasing from 7 to 20 or more, due to

a. Reduction of middle management levels
b. Enhanced communication tools

c. Empowered knowledge workers, allowing decision-making at lower levels by
people with more applicable knowledge

d. Improved morale, productivity, and profitability, made possible by less detailed
supervision, particularly over professional workers

2. Organization types: The line organization (e.g., a profit center) performs activities
directly related to the company’s main goals. Examples include business manage-
ment, product management, sales and marketing, product design, and engineer-
ing, production, and customer services.

On the other hand, the staff organization (e.g., a cost center) provides advice and
comments in support of the line organization’s work. Examples include research
and development, financial and accounting, information services, procurement,
legal affairs, public relations, and facility engineering.

3. Owverlap and duplication of responsibility: This refers to a situation where two or more
people do the same work and make the same decisions. Such undesirable situa-
tions are to be avoided in any organization, as they represent sources of conflicts
and wastes.

4. Specialization: Specialization refers to the increased degree of skill concentration
in narrow technical domains. Specialization of work leads to improved efficiency.
However, overspecialization may cause monotony, fatigue, disinterest, and inef-
ficiency on the part of the worker.

5. Work arrangement: Work needs to be arranged in a rational and logical manner.
The logical arrangement of work promotes task accomplishments and enhances
personal satisfaction for more workers over a longer period of time.

6. Additional selected management terms: Authority refers to the legal or rightful power
of a person, by assignment or by being associated with a position, to command,
act, or make decisions—this is the binding force of an organization. Responsibility
is the duty to perform work assumed by a position holder in an efficient and
professional manner. Accountability represents an upward-directed obligation to
secure the desired results of the assigned work.

Other terminologies related to organizing may be found in Fineman et al. (2005).
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3.3 Activities of Organizing

As a function of engineering management, organizing consists of several specific activities
described next:

1. Organizing one’s own workplace for productivity: The organization of one’s own
office, file systems, and daily routine, so that work can be done efficiently (Online
Business Buddy 2013).

2. Developing organizational structure: The identification and assortment of work so
that it can be done efficiently by qualified people in teams, task forces, committees,
departments, and other suitable arrangements (Galbraith 2014, Burton et al. 2011).

3. Delegating: The entrustment of responsibility and authority to others and the cre-
ation of accountability for results. Managers must learn to delegate effectively in
order to achieve results by working through people; to distribute the workload
while maintaining control to make the best use of available talent in the organiza-
tion (Harvard Business Review 2014).

4. Establishing working relationships: The creation of conditions necessary for the
mutually cooperative efforts of people. Managers must make commitments, set
priorities, and provide needed resources (money, time, physical facilities, skills,
and know-how) to foster teamwork and collaboration among people (Goold 2014;
Harvard Business Review 2013).

All of these organizing activities exist for the purpose of achieving improved efficiency
in performing work.

3.4 Organizing One’s Own Workplace for Productivity

How well is the office of a typical engineering manager organized? A simple test is to ask
how much time it would take for the engineering manager to find a phone number, a piece
of paper, or a file when his or her superior calls. Surveys indicate that an average executive
spends about five weeks per year looking for lost items (Zeigler 2010).

Engineering managers need to be organized with respect to time, paper, and space.
A basic guideline recommended by efficiency experts is as follows: “The less you have,
the less you have to sort through.” A few rules of thumb that are recommended for the
engineering managers to become more efficient are as follows:

1. Use an online calendar that indicates time slots blocked out for important tasks.
Such a calendar allows others—one’s own secretary and peer managers—to
schedule meetings conveniently. One should also prepare agendas before holding
or attending meetings.

2. Maintain a “to-do” list. Set priority to tasks and separate urgent tasks from others
by assigning most urgent tasks to list A, moderately urgent tasks to list B, and least
urgent tasks to list C. Consult the lists regularly. If one is computer literate, then
use electronic systems.
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3. File papers based on “access,” or use a logical keyword system under which to find
the document later. The file system may be based on categories such as projects,
persons, or deadlines. Keep a master copy of the file index nearby and update it
often. This master index helps locate a file and safeguards against creating dupli-
cate files. A document should be kept if

a. The information it contains cannot be easily found elsewhere. (How difficult
would it be to obtain or reproduce it again?)

b. The information it contains helps the engineering manager to reach a goal.
(Does this piece of paper require action?)

c. It has been consolidated as much as possible.
It is up to date. (Is it recent enough to be useful?)

e. Itisreally necessary to keep this document. (What is the worst thing that could
happen if this document is unavailable?)

Most professional workers are said to use only about 20% of the paperwork
they keep. The challenge is, of course, to decide which 80% can be thrown away.
Question every piece of paper that crosses the desk. Use the wastebaskets fre-
quently. Reserve a time slot during each day (e.g., after work, but before departing
for home) to sort, file, and toss unneeded files. Make use of travel time (at the air-
port, on the plane, and in the hotel) to organize one’s own files.

4. Implement a system for keeping track of names and phone numbers (e.g., Rolodex
for business cards, address book, Palm Pilots, and smartphones).

5. Cultivate the use of the phone. Prepare notes before placing calls and make the
calls brief (e.g., by standing up).

With practice, every engineering manager can get his or her workspace and daily rou-
tine organized for productivity.

Example 3.1

David Pope, engineering director, started out the day uptight. His young child had
the flu the night before, and he had been up all night to help. Upon arrival at his office,
David had to make urgent phone calls to approve a two-week overtime work plan due
to a plant fire the night before and to plan for a product committee meeting the next day
to counter environmental concerns about a wastewater treatment plant.

Then he spent 30 minutes reviewing the qualifications of new candidates and
decided on one. He asked for salary information and wanted to examine the offer
before it was sent. He asked for further justification for the budget requested by indus-
trial engineering for a minicomputer. Without reading it, he approved the research
proposal from material engineering. He rejected an invitation to speak at a regional
meeting of the American Society of Plant Engineering by giving an untrue reason.

David made a note for a United Way board meeting coming up soon. At 10:00 a.m., he
met with two consultants for 1 hour and 45 minutes on a formal wage and salary plan
and then directed his administrative assistant to work out the details. He promised to
inform all department heads and asked for cooperation.

As he walked back to his office after lunch, David noticed several engineers were still
playing bridge after 1:30 p.m., and he planned to remind their department heads of this
truancy from work.
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As soon as he walked into his office after lunch, George Wallace, the general sales
manager, called to complain about inadequate responses from engineering to field
sales requests. David promised to look into it after receiving specific details. In
return, he asked for Wallace’s support at the product committee meeting the next
day.

David gave a retirement plaque to Glen Sanford in his own office in the presence of
the personnel director at 1:45 p.m. Furthermore, he approved the request of two engi-
neers for a week of overtime to design a new, final quality control station.

At 2:00 p.m., he was asked to attend a three-hour budget meeting at 3:00 p.m. called by
the president. In the meeting, guidelines and a timetable for next year’s budget requests
were discussed. For engineering, he was told there would be an increase of only 10%.
He then arranged for a meeting with the president and the controller at 2:00 p.m. the
next day to request more money.

As he was about to leave for the day around 6:30 p.m., his wife called to say that his
child is doing all right, but he has to go to the party of the executive vice president
alone.

What do you see are David Pope’s problems? How do you suggest improving his day?

Answer 3.1 (Adopted and modified from Shannon 2009.)

David Pope had four major problems: (1) poor time management, resulting in the day
being spent responding mostly to others; (2) lack of delegation; (3) inadequate utiliza-
tion of administrative assistant; and (4) deficient guidelines for handling minor projects.
David Pope could improve his day as follows

1. Review the day’s schedule in the morning and call in the administrative assis-
tant to
a. Get background information on wage and salary plan for the 10:00 a.m.

meeting with the two consultants. Prevent this initial meeting from drag-
ging out to 1 hour and 45 minutes.

b. Request the personnel director to invite peers of Glen Sanford to attend the
plaque-awarding ceremony in his own office.

c. Collect information on the budget request for the minicomputer from
industrial engineering.

2. Return all phone calls.

a. Authorize the two-week overtime work plan due to plant fires.

b. Send Jamieson (who wrote the report) to the product committee meeting
to defend the wastewater treatment plant.

c. Approve Oscar Ford to use two engineers for one week to design a new,
final quality control station. Ask the administrative assistant to draft new
guidelines for manpower allocation in minor projects.

3. Upon receiving notice for the 3:00 p.m. meeting called by the president, get
the administrative assistant to start preparing the engineering positions on
budget. Review these positions at 2:00 p.m. Call an urgent meeting for 2:15 p.m.
with department heads to finalize the engineering position.

4. Present a plaque to Glen Sanford before many of his peers, express apprecia-
tion for his services, and wish him well.

5. Become well prepared to attend the 3:00 p.m. meeting. If more discussions are
needed, request a follow-up meeting with the president. If additional budget
preparations are required the next morning, leave a note to the administrative
assistant.

6. Go to the party alone, and be happy.

55
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3.5 Developing Organizational Structure

The purpose of developing organizational structure is to help ensure that important
work related to the key objectives of the unit or department is performed. By develop-
ing the right organizational structure for pursuing specific work, managers hope to
eliminate or minimize the overlap and the duplication of responsibilities. Also, by
logically grouping work according to positions in the organizational structure, manag-
ers will be in a better position to utilize available talents, encourage mutual support
among workers, provide technological foci, and facilitate problem solving. Doing so
will ensure that management, technical, and operating work are distinguishable so
that people can be most efficient in performing such work (Kumar 2012; Burke 2013;
Daft 2012).
Many industrial organizations adopt one or more of the following structures.

3.5.1 Functional Organization

The functional structure is a very widely used organizational form in industry. Companies
that favor this organizational design include (1) manufacturing operations, process indus-
tries and other organizations with limited product diversity or high relative stability of
workflow; (2) start-up companies; (3) companies with narrow product range, simple mar-
keting pattern, and few production sites; and (4) companies following the lead of their
competitors.

Companies that prefer the functional structure establish specific departments responsi-
ble for manufacturing, finance, marketing, sales, engineering, design, operation, procure-
ment, and other such functions (see Figure 3.1).

The functional structure has certain advantages, as it (1) permits a hierarchy of skills to
be developed and maintained, (2) facilitates specialization in order to achieve high levels
of excellence, (3) simplifies coordination as experts in various functional areas are logi-
cally grouped together, and (4) allows the use of current technologies and state-of-the-art
equipment.

On the other hand, it also has some disadvantages, such as (1) encouraging excessive
centralization, (2) delaying decision-making due to barriers created by the departmental
boundaries, (3) compounding communication line loss, (4) restricting the development of
managerial skills of employees, and (5) limiting employee growth because of constrained
exposure to professional experience outside of the departments.

| Technical director |

| Mechanical design | | Electrical design | Quality control

| System engineering | | Production engineering |

FIGURE 3.1
Functional organization.
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| School of engineering |

Mechanical engineering | | Electrical engineering | | Industrial engineering

Chemical engineering | | Civil engineering

FIGURE 3.2
Discipline-based organization.

3.5.2 Discipline-Based Organization

Universities, governmental laboratories, and some contract research firms are organized
according to disciplines. These organizations contain departments for mechanical engi-
neering, physics, business administration, and other specific disciplines so that specialists
may focus on these disciplines in order to excel in research and other activities they pur-
sue (see Figure 3.2).

3.5.3 Product/Region-Based Organization

Large companies may produce and market products/services of various types to different
customers in geographically dispersed locations. More often than not, each of these prod-
ucts/services may require different production, sales, and business strategies to achieve
success in the marketplace. Thus, some companies elect to organize themselves into a
product-based structure (see Figure 3.3). If the company is marketing products/services
in various geographical regions, each demanding location-specific strategies to penetrate
the local markets, and each applying different customer customization strategies accord-
ing to local needs, a region-based structure may be preferred (see Figure 3.4). In either of
these cases, a product/service or regional manager could head up the activities with the
overall profit and loss (P/L) responsibility for the product/service or region involved. This

| Technical director |

| Governmental products

| University products | Custom products |

| Consumer products | Industrial products |

FIGURE 3.3
Product/service organization.
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| President |

North America Europe
Latin America Africa

FIGURE 3.4
Region-based organization.

manager is further supported by the relevant experts in production, marketing, and other
required functional areas.

This type of product- or region-based organization enjoys the following advantages: it
(1) focuses on end products/service or geographical regions for improved local adapta-
tion, (2) facilitates companywide coordination, (3) encourages management development
of employees, (4) provides for decentralization, and (5) opens ways for unlimited growth.

The disadvantages for such organizational structure are the following: (1) costs may
be high due to layers and autonomous or duplicated facilities, (2) it may require added
management talents, (3) specialists may easily become obsolete due to a lack of focus and
dedication, and (4) changes are slow to implement because of the complex organizational
bureaucracy.

The organizational structure types just described have one thing in common: they all
have a hierarchical structure with a clearly defined chain of command, a structure origi-
nated from the military.

3.5.4 Matrix Organization

Some companies utilize the matrix organizational structure as a short-term arrangement
for specific projects and tasks involving both functional group employees and project
managers (Metcalfe 2014; Hall 2013; Finerty and Kraemer 2012).

Managers of functional groups supervise technical contributors who have valuable
skills and know-how. Project managers are those entrusted by upper management with
the responsibilities of managing specific projects, such as capital projects, the design
of new products to specifications, and the creation of business entry strategies. Project
managers have resources—money, time, facilities, and management support—and they
“borrow” employees from the functional groups to accomplish the work (see Figure 3.5).
When functional group employees complete their work for a given project, they usually
return to their respective home groups to continue their original home-based assignments.

The advantages of matrix organizations are that project managers focus on schedule
and cost, whereas functional managers concentrate on work quality and expertise. This
arrangement offers a balance of workload, and it is excellent for participating employees
to achieve wide exposure within the company by interacting with those outside of their
special domains of expertise.

The main disadvantage is that this structure requires participating employees to report
to two bosses (dual reporting), thus violating the “unity command” principle. When
employees are assigned to work on several projects, they may be subjected to marching
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Functional control

N

Project A

e

Project-based
control

— | ProjectB | ——— [ I -

ProjectC | | N - [

Engineering Production Logistics Design

FIGURE 3.5
Matrix organization.

orders issued by several superiors. In practice, conflicts between the functional and project
managers are frequent and severe, mostly with respect to task priority, manpower assign-
ment, interests, quality versus urgency, performance appraisal, employee promotion, and
other issues.

Matrix organization demands a delicate balance of power between functional and proj-
ect managers. Functional managers control manpower, particularly who works on what
projects, when, and for how long, in addition to controlling knowledge and facilities. On
the other hand, project managers have an approved spending budget and the support of
upper management. A lack of a balance of power will occur when the functional manag-
ers have their own funds to support their own people, thus making them less dependent
on project managers. An unbalance of power will also occur when project managers out-
source some of the needed work that is not delivered by the functional managers. Under
these circumstances, the matrix organization might break down.

Because of the aforementioned built-in conflicts, many companies in industry are mov-
ing away from the matrix organizations in favor of teams.

Example 3.2

Once the functional manager and project manager agree on a project schedule, who is
responsible for getting the work performed? Who is accountable for getting the work
performed? Why the difference, if any?

Answer 3.2

Responsibility and accountability are two different management concepts.

In a matrix organization, the project manager delegates tasks to the functional man-
ager, who in turn assigns specific tasks to individual employees in his or her functional
group. The functional manager remains responsible for getting the work performed,
whereas the project manager is accountable for the results of the work that has been
delegated to and done by the functional manager (or his or her people).
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The project manager is accountable for achieving specific project objectives. He or she
defines the pertinent tasks to be accomplished. If the tasks are defined improperly, caus-
ing the project objectives to be impossible to attain, the project managers are account-
able for such mistakes. The functional manager, on the other hand, is responsible only
for supplying the right people with the proper skills and dedication to accomplish the
stated tasks. The functional manager is responsible for accomplishing the agreed-upon
tasks in an efficient and professional manner.

3.5.5 Team Organization

A team is composed of members who are “on loan” from their respective functional
departments and are thus assigned to work full time for the team leader in tackling
high-priority, short-duration tasks or projects (McCloud 2014; Nir 2013; Harvard Business
Review 2011). Since all team members report to the team leaders only, conflicts aris-
ing from dual reporting are eliminated (see Figure 3.6). Examples of team organization
include product development teams and special task forces.

3.5.6 Network Organization

In response to rapid changes in customers’ needs, advancements in technology, market-
place competition, and globalization, some companies have started pursuing certain new
business paradigms that are based on thinking globally and acting locally (Chen and

Functional control

/N N

Team leader

Member A

Member B _

Member C

Member D

Engineering  Production Logistics Design

FIGURE 3.6
Team organization.
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FIGURE 3.7
Network organization.

Wang 2015; Easley and Kleinberg 2010). One such paradigm is the inclusion of local suppli-
ers” inherent technical skills and capabilities as a part of corporate strength.

Companies form alliances, create business networks, and establish supply chains with
regional companies to manufacture, assemble, market, deliver, and service products for
specific regional markets (see Figure 3.7). At the nodes of such networks are knowledge
workers who manage relationships with others (e.g., suppliers, customers, functional
groups within an organization, and other such partners) (Hoffman et al. 2014).

The number of such business network arrangements is expected to grow with time.
Once formed, these networks must be properly maintained. Specific parts of these net-
works may be activated from time to time for business strategy development, product
development, system design, quality control, logistics, customer service, and other such
important projects (Ramos 2011).

Partners linked by these networks may be of different cultural and business back-
grounds with divergent value systems and perspectives, and may be dispersed in differ-
ent geographical regions. Engineering managers serving on such intercompany network
organizations may also be challenged by the expected resistance to change, difference in
working habits, absence of motivation and control means, and slowness in consensus-
building and decision-making.

Network organizations behave a step closer to organizations in chaos. According to
complexity theory (sometimes also called chaos theory), these organizations exhibit several
unique features (Holland 2014; Pflaeging 2014).

1. All members are independent, flexible, and empowered. They behave responsibly,
free of the traditional top-down command-and-control structures.

2. Members tend to self-organize themselves by ways of intensive interactions
between the members and to form self-directed network organizations.

3. The flexible organizational form fosters creativity and innovation of empowered
members.

The complexity theory claims that organizations composed of members with personal
autonomy will be better able to operate in economical, political, and social-cultural envi-
ronments that are turbulent and rapidly varying (Alvira 2014). Rigid objectives and instruc-
tions will no longer be effective in managing such enterprises in the emerging global
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economy. The following three underlying principles have been proposed to describe such
organizations:

1. Connectivity: Members in the network organizations recognize themselves as an
integral part of the whole organization and believe that their best interests are
served when the interests of the greater whole are served. Members are closely
connected with one another.

2. Indeterminacy: The turbulent future cannot be readily predicted or planned.
Members of the organization need to empower themselves to act with confidence,
courage, and integrity.

3. Consciousness: Organizations are products of the collective thinking comprising
them. The collective consciousness of the organization is defined by all of its mem-
bers. Everyone is a vital contributor.

Members exercise self-control and are guided by shared essential values, such as honesty,
loyalty, integrity, independence, and responsibility. Teamwork is a hallmark of such organi-
zations, wherein individuals are increasingly autonomous, flexible, and dedicated. Product
customization is a likely means for such organizations to achieve success in the marketplace.

Network organizations involving independent supply partners could be difficult to
manage. It is not likely that much can be accomplished by leaving them alone to direct
themselves, as suggested by the complexity theory. Engineering managers need to prepare
themselves to effectively lead such network organizations.

Example 3.3

Company X manufactures automobile jacks, hubcaps, and a variety of fittings. These
products are sold as replacement parts through auto supply chain stores. The busi-
ness of the company is growing, with production facilities located in rented buildings
over various parts of the city. The production staff is expanding constantly. Now the
president of the company wants to expand into the brass-fittings business. However,
the president realizes that, after this newest expansion is accomplished, the company
should consolidate to make its production operations more efficient.

Which organizational structure should the company adopt now, so that it can best
accommodate its current needs of business expansion and also lay the foundation for
anticipated consolidation thereafter? What information is needed to set forth such an
organizational structure? What are the crucial variables that should be considered in
the design of such an organization?

Answer 3.3

To expand the brass-fittings business, Company X should set up a multidisciplinary
team initially. This team will be empowered to come up with a business plan to enter
the brass-fittings business on the basis of market research and competitive analysis. The
plan should include market share position, time-to-market goals, marketing strategies,
capital investment, and production or sourcing requirements. It may be useful to retain
competent external business consultants for advisement.

The business plan defines the needs of personnel (capabilities, experience, and num-
ber), facilities, and other resources required for implementation. A product-centered
department is set up to be responsible for the profit and loss of the brass-fittings busi-
ness. While the distribution of brass fittings may be readily handled by the existing
organization in the company, special attention needs to be paid to production, market-
ing, engineering, and service of brass fittings.
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Once the brass-fittings business is fully established, the production facilities of brass
fittings could be integrated into the production organization of other company products
in order to realize scale of economies advantages.

The organizational design must be flexible to effectively serve the purpose at hand.
Crucial variables to be considered in the organizational design include the significance
of the brass-fittings business to the company’s overall performance (e.g., market size,
competition, and profitability), extent of the resources required of the company to enter
the brass-fittings business, and the management and technical talents available inside
and outside of the company.

3.6 Enhancing Corporate Performance by Organizing: Examples

Organizing is an efficacious method to achieve the critically important objective of doing
things right (or performing tasks in the most efficient ways). Management can put the
right people together and keep the wrong people separated so that work efficiency and
goal attainment can be greatly enhanced (Lawler 2001). The following are several best-
practice examples of how company productivity was raised by employing organizing
strategies.

3.6.1 Organizing for Profitability: Service Profit Chain Model

For every service company there are five stakeholders, namely, customers, employees, sup-
pliers, investors, and the community in which the company operates. Not all of them are
equally important from the company’s standpoint. In the new economy of services, front-
line workers and customers need to be the center of management’s concern. Customers are
value oriented, emphasizing results in relation to costs. As profits come from customers,
the key concept of the service profit chain model is to treat employees well so that they
make customers happy, who in turn buy more, which leads to improved corporate profit-
ability, and allows suppliers and investors to be paid properly, as well as avoiding upset-
ting the communities in which they operate (Heskett et al. 2008). Figure 3.8 illustrates this
model.

In Figure 3.8, organizational strategies refer to preparatory activities and tasks related to
workplace design, job design, employee selection and development, employee rewards and
recognition, and the introduction of applicable tools for serving customers. Specifically,
companies strive to take the following steps:

1. Hire employees with the right attitude toward jobs, coworkers and companies, as
people are the heart of service businesses.

2. Promote capabilities (tools, technology, and infrastructure) and empower service
workers to achieve results for customers.

3. Communicate with customers and employees to get feedback and recognize good
performance.

4. Achieve employee satisfaction as related to jobs, training, pay, advancement fair-
ness, treat people with dignity, teamwork, company’s interest in employees” well-
being. Set up an 800 phone number to help solve employees’ problems.

5. Link manager’s compensation (say 20%) to customer satisfaction.
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Organizational Employee Employee retention
strategies satisfaction and productivity

Customer Customer External service

loyalty satisfaction value

Revenue

J— Profitability

FIGURE 3.8
Service profit chain model.

Customer satisfaction is the ultimate goal that all service companies want to achieve.
Customer satisfaction can be measured by a set of metrics using third-party interviews.
These metrics include: (1) percentage of loyal customers with repeat businesses; (2) per-
centage of sales due to repeat customers; (3) funds spent to promote customer retention;
and (4) company’s understanding of the reasons for customer defect, and actions taken
to mitigate. Service quality is a function of the gap between perceptions of active ser-
vice received and customer’s expectations beforehand (as related to reliability, timeliness,
empathy and authority of service delivery, extent of evidence for service rendered). It is
of critical importance to the company that service errors be quickly corrected. External
service value refers to the value received by customers based on the extent in which the
service designed and delivered satisfies their needs.

Customer loyalty results in retention, repeat business, and referrals. For service com-
panies, the service profit chain model represents a useful organizational design concept
because it emphasizes, among other stakeholders, the two most important ones: employ-
ees and customers.

3.6.2 Organizing for High Performance by Using Flexible Structure

Organizational structures are known to have an impact on corporate performance. Some
companies allow the structure to continuously evolve in order to adapt to changing oppor-
tunities in the marketplace.

According to Morgan (2014) new-style companies achieved great business success by
being relentlessly committed and by exercising discipline from the top, as well as practic-
ing three organizational principles:

1. Make it everyone’s job to identify new opportunities. Company culture must sup-
port such practices by way of feedback loop and financial incentives.
2. Decide quickly on project priority. Speed and coordination are critically important

in implementation. Use technology to support decision-making wherever possi-
ble, and fill the gaps with fast, centralized, senior-level decision-making.
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3. Hire people for specific roles such as marketing and technology support. This is
needed for implementing ideas to quickly capitalize on new opportunities in the
marketplace.

3.6.3 Organizing for Innovation

Some companies are more focused than others on developing and sustaining corpo-
rate competitiveness by nurturing innovation. Innovation can be fostered by company
structure.

Judging from the degree of innovative novelty, Chesbrough and Teece (2002) suggest
that there are two types of innovations: autonomous and systemic inventions. Autonomous
inventions are those which can be pursued independently of other innovations. For exam-
ple, inventions related to turbochargers could be pursued independently of inventions
related to automobiles, to which turbochargers are applied for boosting power output.
Similar relationships exist between filters and air conditioners, motors and compressors,
and color-print films and analog cameras. Systemic inventions, on the other hand, are those
that must be developed in close coordination with others. Examples include the develop-
ment of product design, supplier management and information technology for lean manu-
facturing, and films and cameras for instant photography. Because autonomous inventions
may be pursued independently of other inventions, they are better suited for virtual orga-
nizations. Vertical organizations, on the other hand, are more likely to succeed in pursuing
systemic inventions that require close coordination and intensive information sharing.

Organizing a company’s structure to be virtual means that all noncore functions are
typically outsourced. These virtual companies form supply chain partnerships and busi-
ness alliances to develop, manufacture, market, distribute, and support their offerings.
They use incentives—sign-up bonuses, stock options—to attract highly trained indepen-
dent inventors to generate breakthrough inventions. Because of the self-interests of all par-
ticipants, the coordination between these partners can be difficult, rendering the resulting
inventions of value only to some, but not to others.

Vertically organized companies are those that have rigid hierarchical organizational
structures. They maintain control of all functions and typically have well-established
procedures for settling conflicts and for planning all activities that promote innovations.
Systemic inventions require information sharing and adjustments, which these vertically
integrated companies can readily promote and safeguard. However, they cannot offer the
high incentives that virtual companies use to attract independent inventors. As a conse-
quence, they may not be able to access top-level talent for creating innovations.

Therefore, when organizing for innovations, one must choose between talents and con-
trol. The key is to select the right kind of organizational form to match the type of inno-
vation (autonomous, systemic, or a mix of the two) the company needs. At one extreme,
virtual companies are suitable for pursuing autonomous innovations. At the other extreme,
vertical companies are excellent for pursuing systemic inventions. As the invention type
changes gradually from purely autonomous to purely systemic, the company should con-
sider intermediate forms of organizations such as alliances, joint ventures, and collabora-
tions with autonomous divisions.

Looking from the perspective of value-added applications, Keeley et al. (2013) suggest
that there are in fact 10 types of innovation related to the following categories

1. Business model (the strategy to generate profitability via pricing, marketing
and/or customer service initiatives)



66 Engineering Management

. Network (including supply chain partners and open innovation collaborators)
. Structure (organizational design, virtual teams, and joint ventures)

. Process (work processes related to design, production, and customer support)

Q= W DN

. Products/services design (novel features, unique functionalities, and emerging
technologies)

6. Products/service systems (value-added capabilities to form ecosystems)

7. Customer support services (web design, information access, and problem solving)
8. Channel (advertising to reach customers, delivery of products/services)

9. Brand (creation and maintenance of brand reputation)

10. Customer engagement (customer interactions and relationship management)

Innovations in all the above-cited categories are valuable, as some will create strategic
differentiation (e.g., categories 1, 5, 6, and 9) and others enhance operational excellence of
the enterprise. Thus, innovations in categories 5 and 6 are more likely to be of the break-
through types, whereas the rest are of the incremental types.

Gibson (2016) described the following four lenses as a new powerful tool for promoting
critical thinking:

1. Identify unmet needs overlooked by others. Thomas Edison said, “None of my
invention came as accident. I see a worthwhile need to be met and I make trial
after trial until it comes.”

2. Apply resources synergistically to define solutions.

3. Ask what-if questions in order to remove constraints imposed by conventional
thinking pattern. Albert Einstein said: “To raise new questions, new possibilities,
to regard old questions from a new angle, requires creative new imagination and
marks real advance.”

4. Gather energy to create breakthrough.

For creating innovations in these application categories, teams that are composed of
qualified professionals with knowledge and work experience are the preferred organi-
zational type. Enterprises will be best served by pursuing combination innovations in a
number of the aforementioned application categories in order to prevent their innovations
from being readily copied by their competitors.

Nowadays, few companies can afford to develop all needed technologies internally. A
mix of approaches is usually adopted. Some technologies are developed in-house to serve
as the core part of the value chain. Other less critical ones are typically purchased outright
or acquired through license, partnership, and alliance. Over the long run, however, key
value-added advances will need to come from within.

3.6.4 Organizing for Performance at Design—Manufacturing Interface

Contflicts are known to exist at the interface between product design and manufacturing.
These conflicts cause frequent cost overruns and product introduction delays. In many
traditional companies, the product design group signs off on the design, and then they
“throw it over the wall.” The group responsible for manufacturability takes over and reex-
amines the design for cost-effective mass production. While product design may have
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focused on performance and aesthetics, manufacturing looks after production efficiency.
Also contributing to these conflicts are other factors such as (1) funding periods for design
and manufacturing that do not overlap, (2) differences in education between design and
manufacturing staff, and (3) offices that are not at the same location.

Some of these difficulties may be removed by way of organizing (Anderson 2014).
Organizational options for improving the design—-manufacturing interface include the fol-
lowing (Dean and Susman 1989):

1. Institute a manufacturing sign-off. Manufacturing has veto power over the final
product design. Selected software programs are available to calculate a produc-
ibility score for checking on manufacturability.

2. Appoint an integrator who performs liaison work between design and manufac-
turing and offers a balanced view.

3. Form a cross-functional team composed of members of design and manufactur-
ing, with the final authority resting with the engineering department. The use of
such cross-functional teams is known to have significant benefits such as ensur-
ing compatibility between the design and manufacturing processes, saving time,
simplifying the design process, and reducing design changes.

4. Combine the manufacturing process and product design into one department.

In general, if the company’s culture is conducive to absorbing organizational changes,
then the organizational options of the team or combined department are to be preferred.
On the other hand, if the products and manufacturing processes are fixed, then the orga-
nizational options of the sign-off or integrator tend to make more sense.

3.6.5 Organizing for Heightened Employee Motivation

As a rule, teams are temporary in nature because they are built for specific objectives and
will be disbanded after their specific projects have been completed (Wheelan 2014). Only
in exceptional cases will teams be exhaustively utilized on a permanent basis to achieve
business success. This is the case of AES Corporation.

Located in Arlington, Virginia, AES Corporation is the largest global power company,
with sales at $17.146 billion (2014), it operated 90 plants in 18 countries. Seventy-five percent
of its business was in contract generation. Table 3.1 shows its income statements for the
period 2012-2014.

The company has very few organizational layers and, except for a corporate accounting
department, keeps no staff for functional specialties. It is organized into 11 regions, each

TABLE 3.1

Income Statement of AES Corporation

2014 2013 2012

Revenue (B) 17.146 25.891 17.164
Cost of sales 14.058 12.644 13581
Operating margin 3.088 3.247 3.583

General and administrative expenses (187) ($220) (274)

Interest expenses 365 275 348

Net income 1147 551 (357)
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headed up by a manager. Each region is further organized into 5-20 teams, and each team
has 5-20 members. Teams are created primarily for the combined functions of plant opera-
tion and maintenance.

Each team has no more than one of each kind of expert or specialist. As a result, everyone
on the team becomes a well-rounded generalist. In-house qualification exams are held to
ensure minimum expertise before job rotation requests of employees are approved. Each
team owns what it does and is empowered to make decisions with commensurate authority
to implement their decisions. The roles for company leaders are limited to advisors, guard-
ians of the company principles, encouragers, and officers accountable to the outside world.

Employees are compensated according to the following formula: (1) 50% on financial
performance and safety and environmental impact and (2) 50% on how well employees
follow the four company values—fairness, integrity, social responsibility, and fun. The
hiring practice of the company focuses on cultural fit first and technical skills second.

Company representatives attribute their business success for organizing the company in
teams to the heightened level of employee motivation made possible by the team empow-
erment practice.

It should be noted that the AES Corporation example may indeed apply well to other
low-tech operations such as warehouses, distribution centers, supermarkets, hardware
stores, and service centers wherein repeat common practices are the norm. Everything
you would ever want to know about operating and maintaining a conventional power
plant has already been sufficiently preserved in manuals; in-depth technical expertise and
innovation are not required.

3.6.6 Organizing for Research & Development and Marketing Interface

Some companies in industry are high tech, and others are not. “High tech” refers to prod-
ucts and services characterized by (1) their strong scientific—technical bases, (2) the pos-
sibility of being quickly obsolete because of new technologies, and (3) the capability to
develop or revolutionize markets and demands when built on new emerging technologies.
Examples of high-tech products include semiconductors, microcomputers, and robotics.

High-tech companies need to pay special attention to the interface between R&D and
marketing. To achieve business success, a linkage between R&D and marketing must be
established. When marketing high-tech products or services, companies typically follow
two basic approaches:

1. Market driven: When pursuing the market-driven strategy, companies use market-
ing to define the needs of customers and ask R&D to provide the required innova-
tions to satisfy such needs. Customer suggestions are typically good sources of
new needs. In this case, marketing uses tools such as concept testing, product pro-
totyping, and pilot testing to define the specific product or service features needed
by customers. Marketing efforts precede the R&D efforts. The consequence of
practicing a market-driven strategy is that there may be a possible delay in break-
through innovations, preventing the company from a timely use of the opportuni-
ties offered in the marketplace.

2. Innovation driven: R&D employees take the lead in the innovation-driven approach
by first making breakthrough inventions based on preemptive needs as perceived
by researchers. Then, the researchers consider pursuing the inventions to satisfy
the real needs and wants of the customers. In such situations, marketing applies
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techniques such as focus groups to verify new product concepts and applications.
There are risks associated with this approach, as identified customers’ needs and
wants may not be sufficiently satisfied by the breakthrough inventions at hand.

A lack of coordination between R&D and marketing is known to be the cause of busi-
ness failures in many companies. Furthermore, any new technology advancement by com-
petition can change the company’s market position instantly.

Organizing a workable interface between R&D and marketing is a way of avoiding the
potential loss of market opportunities due to invention delay and the lack of compatibility
of inventions to the actual market needs. Setting up a team of representatives of R&D and
marketing to constantly monitor relevant activities and foster communications should be
a good organizing strategy (Ellis 2010).

3.7 Concurrent Engineering Teams

Cross-functional teams have become crucial to business success (Ngayo 2014; Blank 2012).
In general, teams are set up to (1) generate recommendations, such as a strategy to enter
a specific regional market or solve a specific customer-related problem; (2) make or do
things—design products, develop new processes, install new assembly lines; and (3) run
things—operate plants. The performance of a team is the sum of the performance by indi-
vidual members plus the work outputs brought about by the members working together.
It is the work output delivered by the members working together (the team synergism)
that is responsible for the superiority of the overall team performance over the sum of the
performances of the individuals. Teams may fail if they are not led properly (Danner and
Coopersmith 2015).

Organizing multifunctional teams is often the preferred choice to address complex coor-
dination issues at interfaces. For example, in a typical functional organization, the devel-
opment of new products follows a sequential process enumerated here:

1. Marketing conducts research to identify the customers’ needs and defines product
features, such as functionality, reliability, ease of repair, resale value, warranty,
and so on.

2. Design engineering releases specifications, performs functional design, selects
material, obtains vendor and supplier inputs, and conducts engineering analyses
to incorporate these features into a product.

3. Manufacturing engineering reviews and simplifies the product design for manufac-
turability and reliability considerations.
4. Service organization further changes the design to enhance serviceability.

5. Production is finally set up to define manufacturing techniques and to mass-
produce the product.

Such sequential processes are known to be inherently ineffective with respect to coordi-
nation, information sharing, and decision-making. In a concurrent engineering team, rep-
resentatives of all of the functional groups just mentioned, plus those from procurement,
finance, vendors and suppliers, product testing, and logistics, are included as members.
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All aspects related to product development are considered early on and concurrently. The
goal is to bring forth an optimum product for the company within the shortest period
of time and at the lowest possible cost, while satisfying all constraints and meeting all
requirements.

All team members have the full support of their respective departments, functional
units, and home bases, so that the specific inputs they make on the team at various stages
of product development are always the best possible inputs (Lencioni 2002). The keys to the
success of concurrent engineering teams are the following:

1. Management commitment

2. Ongoing communications that use advanced communication tools such as the
intranet, e-mails, and electronic data interchange (EDI)

3. Teamwork training for all members

The value of the concurrent engineering team concept is evident from the following
statistics:

® Mercury Computer Systems, Inc., Lowell, Massachusetts—concurrent engineer-
ing team reduced the time to market of its add-on process boards for VME (Versa
Module Eurocard) bus from 125 to 90 days.

¢ Hewlett-Packard Company, Palo Alto, California—cut the time to market its 54600
Oscilloscope by two-thirds.

* Toyota Motor Corporation, Tokyo, Japan—concurrent engineering decreased its
product cost by 61%.

In general, concurrent engineering delivered impressive benefits in the order of magni-
tude shown in Table 3.2 (Parsaei and Sullivan 2012; Stiepandic et al. 2015).

Engineering managers need to become proficient in leading and participating in concur-
rent engineering teams. Teams may be formed to address any important corporate task.
For teams to add value, team leaders need to pay attention to team discipline, team learn-
ing, and factors affecting team effectiveness.

3.7.1 Mutual Trust and Accountability

For a “blow-the-roof-off” performance, a team is often the vehicle of choice. But to excel, the
team needs to possess the right characteristics, such as the ability to listen well, respond
constructively, support one another, share team values, and have discipline (Scott 2014;
Struck 2013).

TABLE 3.2

Benefits Derivable from Concurrent Engineering Teams
Activities Percentage
Reduction of time for product development 30-70
Shrinking the number of engineering changes 65-95
Decrease of time to market 20-90

Improvement of product quality 200-600
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A team is a small number of people (usually between 2 and 25) who are committed to a
common purpose, develop mutual trust, possess technical skills that are complementary,
and adopt an approach for which they hold themselves mutually accountable.

Team members are said to have developed mutual accountability if and when they have
reached the emotional state of “being in the boat together.” Without mutual accountability,
there can be no team of real value.

3.7.2 Team Learning

One decisive factor that affects a team’s responsiveness is its learning capability (Sibley
and Ostafichuk 2014; Chantal and Peter 2012). In corporate settings, teams need to learn
new technologies (such as three-dimensional computer-aided design [CAD], visualization
software, project management tools, videoconferencing, web-based net-meeting tools, and
others) or new processes (such as new ways of working and new relationships for col-
laborative work). How fast a team can learn will affect its overall timely performance in
attaining the specific objectives at hand.

Alearning team is one that is skilled at creating, acquiring, and transferring knowledge
and at modifying its own behavior to reflect new knowledge and insights. The team needs
to have systems and procedures in place to do the following:

1. Solve problems systematically

2. Experiment with new approaches

3. Learn from its own experience and past history

4. Learn from other’s experience and best practices

5. Disseminate knowledge effectively throughout the team and organization

Edmondson (2012) studied a large number of cardiovascular surgical teams. They
believe that team learning may be speeded up if the team leaders possess both technical
and managerial skills. Because learning has both technical and organizational aspects—
status, communications—the organizational skills of the team leader affect the team learn-
ing. Factors affecting team learning include the following;:

1. Team composition: When selecting team members, team leaders should give preference
to members’ technical competence—retention of a mix of skills and expertise, ability
to work with others, willingness to deal with ambiguous situations (risk takers), and
self-confidence in making suggestions and proposing ideas while not inhibited by
other members’ ranking and corporate status. The most effective learning takes place
during the process. Teams with a mix of expertise and experience tend to be able to
draw on members’ relevant past experience, thus promoting learning.

2. Team cultures: Team leaders should build a team culture in which some experimen-
tation is encouraged and failure is acceptable.

3. Leader’s style: Teams will learn better and faster if, as motivation, the team leaders
frame the learning as a challenge for all team members.

Factors that do not affect team learning are said to include (1) educational background,
(2) prior experience in applying old technologies, (3) top management commitment,
(4) status of the team leader, and (5) reporting and auditing processes.
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Example 3.4

Some people feel that working as a team, instead of allowing experts to produce more
creative outcomes, actually result in watered-down compromises and bland solutions.
They view teamwork as a series of exercises in “sharing ignorance.” Do you agree or
disagree, and why? What can be done to advance the technical qualities of the team
outcomes?

Answer 3.4

The concern about the watered-downed outputs of teams is real. Team members from
different backgrounds and expertise may indeed have different opinions, which often
force the team members to compromise. It is quite true that sometimes the views of the
domain experts on the team are not shared and accepted by others on the team, who do
not and will not want to understand. However, a Japanese proverb says, “None of us are
as smart as all of us.”

One obvious way to ensure the technical quality of the team results is to select people
to lead who are technically qualified and able to render technical judgment. Another
way is to bring in an impartial outside consultant to comment and advise on the relative
technical merits of the options under consideration.

Team consensus is good to have, because it allows the team members to jointly own
the team outcome. This ownership represents a strong motivation factor to team mem-
bers who are then inspired to actively implement the team outcome. A technically supe-
rior team outcome adds little value if it is not implemented properly.

3.8 Delegating

After a specific form of organization is established—unit, department, team, division,
or regional group—the next step is for the engineering manager to delegate the proper
responsibility and authority to the selected leaders and workers, and to establish the
upward-directed accountability needed to achieve the defined organizational objectives.
Therefore, delegating is for the purpose of improving the engineering manager’s over-
all efficiency by assigning responsibility and authority and by creating accountability
(Hollingsworth 2013).

The benefits of delegating are many (Thomas 2015; Syversen 2014). For engineering man-
agers, these benefits include: (1) improving the quality and quantity of work performed,
(2) relieving the engineering manager to pursue more important duties or gain more time
for management work, (3) making the engineering manager knowledgeable of the employ-
ee’s capabilities, (4) preparing the employee to step in for the engineering manager when
needed and hence enabling the engineering manager to be absent from the job occasion-
ally, (5) distributing the workload effectively, (6) developing leadership qualities, (7) eas-
ing the engineering manager’s job pressure, and (8) reducing costs through more efficient
operating decisions.

Delegating is also beneficial to engineers as technical contributors because it (1) makes
the job more satisfying; (2) provides encouragement, incentives, and recognition; (3) devel-
ops new skills and knowledge; (4) promotes self-confidence; (5) facilitates teamwork;
(6) encourages growth and development; and (7) fosters initiative and competence.

It is important for engineering managers to keep in mind what should and should not
be delegated. Problems and activities of the following kinds are to be delegated: (1) those
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Can . 5 1: Employee
2: Neither; if must
be done, then
Employee engineering manager
3: Employee
Cannot 2 4 . .
4: Engineering manager
Cannot Can

Engineering manager

FIGURE 3.9
Delegation matrix.

that require exploration and recommendation for a decision; (2) those that are within the
scope and capabilities of employees involved; (3) those that are needed to achieve company
objectives; (4) those that promote the employee’s development in technologies, business
perspectives, and leadership skills; and (5) those that save the engineering manager’s time
if done properly by the employees.

For delegating, the following guidelines, which are also illustrated in Figure 3.9, may be
helpful:

1. What the engineering manager cannot do and the employee can do, the employee
does it.

2. What both the engineering manager and employee cannot do, the engineering
manager does it.

3. What both the engineering manager and the employee can do, the employee
does it.

4. What the engineering manager can do and the employee cannot, the engineering
manager does it.

Which problems or activities should the engineering manager not delegate? Such prob-
lems or activities include (1) planning/creating plans within larger plans and objectives,
(2) resolving morale problems in the group or department, (3) reconciling differences and
conflicts, (4) coaching and developing employees, (5) reviewing performance of employ-
ees, (6) completing assignments given to engineering managers by their superiors, and
(7) completing other assignments only engineering managers themselves should handle
(such as confidential committee assignments, “pet” projects, and tasks without proper tal-
ented employees to delegate to).

Delegating requires skill and practice. The following are guidelines for efficacious
delegation:

1. Explain the importance of the assignment.
2. Check on understanding and confidence.

3. Give the employee leeway in his or her choice of method, unless the procedure has
been specified and developed before.

4. Set a goal, timetable, or deadline. A short-term goal is better than a long-term goal.



74 Engineering Management

5. Be reasonable. Keep the goal within the employee’s capabilities.

6. Assign responsibilities that go with the job. Allow commensurate authority of
decision-making, and let employees accept responsibility for poor as well as good
work. (The engineering managers remain accountable for the delegated assign-
ment with respect to their own superiors.)

7. Trust the employee.
8. Give recognition for good work.

9. Share the engineering manager’s own worries. Let the employees know your wor-
ries about the assignment; explain them openly and fully. Recognize difficulties in
the assignment and ask for suggestions on how best to handle the assignment.

10. Make it a project; let the assignment be a challenge.

11. Do not rush in and take over. The employee could use more training if a lack of
progress is shown.

12. Do not expect or want perfection.

Certain barriers to delegation do exist. Engineering managers need to beware of these
barriers: (1) Psychological—engineering managers have fears and worries. If engineering
managers let the employee do the work, they may fear their own technological obsoles-
cence, while their employees shine. This fear may be particularly relevant to engineering
managers who themselves are technically very strong. (2) Organizational—unclear respon-
sibility and relationships, and confused understanding of line versus staff positions may
hinder effectual delegation.

There are several more noteworthy observations:

e Delegation tends to be limited by the availability of effective controls. If there is
no control, there should be no delegation. Engineering managers should delegate
safely only to the extent that one can determine if the work can be correctly carried
out and decisions can be made in the manner that they should be. Furthermore,
engineering managers should make sure that the plans are sound and that con-
trols are in effect.

e Authority must be commensurate with responsibility. Engineering managers
should delegate enough authority to allow decision-making by the employees
related to the work.

e Accountability is demanded of employees who are obligated to their superiors for
achieving the expected results. Accountability is achieved by properly discharg-
ing responsibility and using authority delegated. Effectiveness of and success in
delegation depends on the willingness and ability of the employee to perform the
work, make decisions, and achieve results.

e Control must be in place. Engineering managers need to introduce midcourse cor-
rections, if needed. Otherwise, delegation will lead to disaster. Setting up perfor-
mance metrics and constantly monitoring performance will help.

Many engineers fail to achieve success in managerial ranks, partly because they do
not know how to delegate properly. Good delegation is a prerequisite for being a good
manager.
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3.9 Establishing Working Relationships

Another organizing activity to be performed by engineering managers is the establish-
ment of proper working relationships between employees and between units (Parker 2010).
This is to ensure that people are working together well enough to achieve the company
objectives. Specifically, the activity calls for role clarification and conflict resolution.

3.9.1 Role Clarification

In complex organizational settings, clarifying roles addresses the issues of authority and
accountability. For a specific project involving personnel of multiple departments or busi-
ness units, the need for defining roles of all participants is self-evident. Figure 3.10 illus-
trates an example of role clarification.

1. General management responsibility
2. Specialized responsibility

3. Must be consulted

4. May be consulted

5. Must be notified

6. May be approved

Prepare bll} of 3 9 4 5
materials
Visit vendors | 6 2 2 5
Prepare purchase 5 4
orders
Authorize expenditures | 1 6 5
Inspect raw materials 5 3 2
Quality control testing 6 3 2
Update inventory files 4 4 2
Withdraw materials 6 2
Project manager Team member Division manager
Project office Department manager

FIGURE 3.10
Roles assignment example.
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Companies issue organizational charts that describe the roles and responsibilities of
major business units. Employees may assume line roles, coordinating roles, and advisory
roles.

1. Line roles: Employees with line roles are those in profit centers with monopoly
rights within the company to provide products and services to clients and cus-
tomers. Examples of profit centers include business management, production, and
sales. Profit centers are business units empowered to generate profits for the com-
pany. Managers of profit centers are accountable for offering quality products and
services at competitive prices to ensure that the company makes profits. Profit
centers define the services they might need. Managers of profit centers approve
the annual budgets of cost centers which provide such needed services.

2. Coordinating roles: Employees in some cost centers have monopoly rights for
developing and recommending constraints on the position duties of others.
These constraints can take the form of approvals, policies, procedures, or plan-
ning objectives—legal, financial control, human resources, and so on. They are
accountable for achieving higher-level organizational objectives such as consis-
tency in work method, integration regarding external contacts, or cost efficiencies.

3. Advisory roles: Employees in other cost centers provide services in support of the
profit centers. Examples of such cost centers include R&D, maintenance, investors’
relations, financial accounting, and procurement.

3.9.2 Conflict Resolution

In the real-world environment, there are conflicts of many types. Examples of such conflicts
may include: (1) technical, including design, analysis, and interpretation of test results; (2) oper-
ational, including procedures to perform specific tasks and assign responsibility; (3) emotional,
such as treating bruised egos and hurt personal feelings; and (4) political, such as knowing
whom to consult and who has a say on specific projects or issues (Coleman et al. 2014).
Engineering managers need to learn how to effectively resolve conflicts (Caspersen 2015;
Cloke and Goldsmith 2011). Conflicts may be resolved by (1) dominance—dictating a solu-
tion, (2) compromise—negotiation based on a relative power base, and (3) collaboration that
leads to finding a win-win solution. The key requirement for conflict resolution is open-
ness. By fostering mutual respect and trust, nurturing common interest to achieve project
success, and focusing on commitment to task, most conflicts can be successfully resolved.

3.10 Informal Organizations

Beside the formal organizations, which is set up to achieve work efficiency, there are infor-
mal organizations in every business enterprise (Farris 2012). Typical informal organiza-
tions are of the following types:

1. Social: People form groups to pursue specific common interests, shared values, and
beliefs; for example, beer clubs, bowling clubs, company outings, golf leagues, and
tennis groups.
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2. Status: People tend to be drawn toward persons well known for their technical
skills, abilities, special accomplishments, experience, tenure, charisma, interests,
peer recognition, and acceptance, and to want to associate with such achievers for
their status.

3. Group: Coalitions form to advance shared interests. Fitness centers on site, day-care
centers, toastmasters groups, foreign-language study groups, and bridge clubs are
such examples.

4. Location: Depending on the flow of vital information, people tend to migrate
toward critical locations, such as the offices of executive assistants, the desks of
secretaries, and water coolers.

Engineering managers should be aware that informal organizations encourage addi-
tional bonding between employees. Because they contribute toward the smooth operation
of an organization and members’ job satisfaction, employee participation in informal orga-
nizations are generally encouraged.

3.11 Conclusion

Organizing is an important function of engineering management with a direct impact on
the manager’s ability to get work done efficiently. This function empowers a manager to
choose the right organizational forms, be they teams, committees, task forces, functional
or matrix arrangements, or other specific organizational structures. Managers assign
appropriately skilled and compatible people to work together, each one having clearly
defined roles and responsibilities, along with commensurate authority. Managers assign
responsibilities to employees so that work gets done and employees can receive broadened
experience. Managers allocate the right resources (such as skills, money, equipment, time,
and technology) to accomplish the work efficiently.

Organizing is also important for enhancing the quality of work output. Flexible organi-
zational structures allow companies to better respond to the changes of a dynamic mar-
ketplace. Certain organizational forms are superior to others in fostering creativity and
inducing innovations. Multifunctional teams are known to be superior in handling con-
flicts at the interface between design and manufacturing or between R&D and marketing.
Teams empowered by management to pursue specific assignments tend to be strongly
motivating to the team members.

Engineering managers need to understand the power of organizing and use the func-
tion intelligently.

QUESTIONS

1. What type of organizational structure is best suited for developing a new product
that requires a high level of specialization in several functions and for which the
time to market represents a critical factor?

2. A materials manager suspects that the quality of work within her department has
been deteriorating. She wants to introduce a program of change to advance qual-
ity. What steps should she take?
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3. The company has recently concluded a multimillion-dollar contract to supply
products to a Third World country. The first elite group of engineers from that
country has just completed a two-month training course on maintenance and
operations. The company’s training manager reports that the level of skill and
knowledge of that country’s engineers was so low that no amount of training
would ever enable them to properly operate and maintain the products in ques-
tion. “It might be better for that country to buy a less sophisticated product
from our competitor,” the training manager suggests. What should the com-
pany do?

4. Six months ago, the company hired an engineer for his expertise in hydraulic
drives. The decision to hire him was based on a product development plan that
projected a need for such expertise. Market conditions have suddenly changed in
favor of more sophisticated electric drives. The new engineer turns out to be very
good in his area of specialization, but it is difficult to retrain him for other assign-
ments in the company. Should the company discharge this engineer?

5. The company has been making most of its sales to a few large customers. The
company president wishes to broaden its customer base. To do so may require
changes in the company culture, the product line strategy, marketing and sales
programs, and the service organization. How should the president go about mak-
ing the required changes?

6. The company is considering a plan to upgrade its current product line. The cost
of upgrading is high. There is a small company that has developed the technol-
ogy required for this product upgrade. What strategy should the company follow
if it wants to continue selling into its current market with the new, upgraded
product?

7. As the company’s sales are falling unexpectedly, the president asks you to chair
a task force with the objective of developing solutions to correct the situation.
Who do you want to be on this task force? How should the task force resolve this
problem?

8. A loyal and high-volume customer has warned the company’s marketing depart-
ment that project X is extremely critical to their needs and that if this project is late,
they may be forced to buy elsewhere. The project manager knows that the best
estimates available to date from various in-house groups indicate that, at the cur-
rent rate of progress, project X will be late by about six months. What should the
project manager do?

9. Sally Lee, the engineering manager, delegates tasks as a good manager should.
However, Mark Hayes, the engineering director, has the bad habit of calling
up Sally unexpectedly to get detailed reports on various ongoing activities in
Sally’s department. Sally does not want to hold daily staff meetings in order to
satisfy Mark’s information needs because Sally is quite certain that asking her
professional staff to stand by and make daily reports will definitely be counter-
productive, as all of them are known to prefer their independence. What should
Sally do?

10. In an organization offering a dual-ladder career progression system, technically
trained people may opt to progress along a technical ladder instead of the tradi-
tional managerial ladder. How does this work? (Figure 3.11)
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Vice president

T

Director Director Fellow

K K K
Manager Manager Associate

A A A

Supervisor Project manager Consultant
A A A
Section engineer Project engineer Senior engineer
\ 5 /
Staff engineer

FIGURE 3.11
Typical career ladder in industry (Question 10).

References

Alvira, Ricardo (2014), A Unified Complexity Theory, Lewiston, NY: CreateSpace Independent Platform.

Anderson, David M. (2014), Design for Manufacturability: How to Use Concurrent Engineering to Rapidly
Develop Low-Cost, High-Quality Products for Lean Production, Boca Raton, FL: Productivity Press.

Blank, Ronald (2012), Cross-Functional Productivity Improvement, Boca Raton, FL: Productivity Press.

Burke, W. Warner (2013), Organization Change: Theory and Practice, 4th edn, Los Angeles, CA: Sage.

Burton, Richard M., Borge Obel, and Geradine DeSanctis, (2011), Organizational Design: A Step-by-
Step Approach, Cambridge: Cambridge University Press.

Caspersen, Dana (2015), Changing the Conversation: The 17 Principles of Conflict Resolution, New York:
Penguin Books.

Chantal, Savelsbergh and Peter Storm (2012), Team Learning in Projects: Theory and Practice, Newtown
Square, PA: Project Management Institute.

Chen, Guanrong and Xiaofan Wang (2015), Fundamentals of Complex Networks: Models, Structures and
Dynamics, Singapore: Wiley.

Chesbrough, Henry W. and David J. Teece (2002), Organizing for innovation: When is virtual virtu-
ous? Harvard Business Review (August).

Cloke, Kenneth and Joan Goldsmith (2011), Resolving Conflicts at Work: Ten Strategies for Everyone on
the Job, 3rd edn, San Francisco, CA: Jossey-Bass.

Coleman, Peter, Morton Deutsch, and Eric C. Marcus (Eds) (2014), The Handbook of Conflict Resolution:
Theory and Practice, San Francisco, CA: Jossey-Bass.

Daft, Richard L. (2012), Organization Theory and Design, 11th edn, Boston, MA: Cengage Learning.

Danner, John and Mark Coopersmith (2015), The Other “F” Word: How Smart Leaders, Teams, and
Entrepreneurs Put Failure to Work, Hoboken, NJ: Wiley.



80 Engineering Management

Dean, James W. Jr. and Gerald 1. Susman (1989), Organizing for manufacturable design, Harvard
Business Review (January-February).

Easley, David and Jon Kleinberg (2010), Networks, Crowds, and Markets: Reasoning About a Highly
Connected World, Cambridge: Cambridge University Press.

Edmondson, Amy C. (2012), Teaming: How Organizations Learn, Innovate, and Compete in the Knowledge
Economy, San Francisco, CA: Jossey-Bass.

Ellis, Nick (2010), Business to Business Marketing: Relationships, Networks, and Strategies, Oxford: Oxford
University Press.

Farris, George F. (2012), Leadership and Supervision in the Informal Organization, Ulan Press.

Fineman, Stephen, Yiannis Gabriel, and David B. P. Sims (2005), Organizing and Organizations, 3rd
edn, London: Sage.

Finerty, Susan Z. and Harry Kraemer (2012), Master the Matrix: 7 Essentials for Getting Things Done in
Complex Organizations, Minneapolis, MN: Two Harbors Press.

Galbraith, Jay R. (2014), Designing Organizations: Strategy, Structure, and Process at the Business and
Enterprise Levels, 3rd edn, San Francisco, CA: Jossey-Bass.

Gibson, Gerard (2016), Critical Thinking Theories, Methods and Challenges, Hauppauge, NY: Nova
Science.

Glushko, Robert J. (Ed.) (2013), The Discipline of Organizing, Cambridge, MA: The MIT Press.

Goold, Michael (2014), Collaboration Strategy: How to Get What You Want from Employees, Suppliers and
Business Partners, London: Bloomsbury Academic.

Hall, Kevan (2013), Making the Matrix Work: How Matrix Managers Engage People and Cut Through
Complexity, Boston, MA: Nicholas Brealey.

Harvard Business Review (2011), Harvard Business Review on Building Better Teams, Boston, MA:
Harvard Business Review Press.

Harvard Business Review (2013), On Team, Boston, MA: Harvard Business Review Press.

Harvard Business Review (2014), Delegating Work (20-Minute Manager Series). Boston, MA: Harvard
Business Review Press.

Heskett, James L., Thomas O. Jones, Gary W. Loveman, W. Earl Sasser, Jr.,and Leonard A. Schlessinger
(2008), Putting the service-profit chain to work, Harvard Business Review (July-August).

Hoffman, Reid, Ben Casnocha, and Chris Yeh (2014), The Alliance: Managing Talent in the Networked
Age, Boston, MA: Harvard Business Review Press.

Holland, John H. (2014), Complexity: A Very Short Introduction, Oxford: Oxford University Press.

Hollingsworth, Mark J. (2013), It’s Your Responsibility Now: The Essentials of Leadership—Delegation,
Lewiston, NY: CreateSpace Independent Publishing Platform.

Keeley, Larry, Helen Walters, Ryan Pikkel, and Brain Quinn (2013), Ten Types of Innovation: The
Discipline of Building Breakthroughs, Hoboken, NJ: Wiley.

Kumar, Vijay (2012), 101 Design Methods: A Structured Approach for Driving Innovation in Your
Organization, Hoboken, NJ: Wiley.

Lawler, Edward E. (2001), Organizing for High Performance: Employee Involvement, TQM, Re-engineering,
and Knowledge Management in the Fortune 1000, San Francisco, CA: Jossey-Bass.

Lencioni, Patrick (2002), The Five Dysfunctions of a Team: A Leadership Fable, San Francisco, CA:
Jossey-Bass.

Lewis, Christ (2014), Organize Your Day in 24 Hours!: 50 Best Strategies to Successfully Manage Your
To-Do Lists, Practice Prioritizing Skills, and Self-Organize Effectively... Way You Want, Seattle, WA:
Amazon Digital Services.

McCloud, Ace (2014), Team Building: Discover How To Easily Build & Manage Winning Teams, Lewiston,
NY: CreateSpace Independent Publishing Platform.

Metcalfe, Dawn (2014), Managing the Matrix: The Secret to Surviving and Thriving in Your Organization,
Chichester: Wiley.

Morgan, Jacob (2014), The Future of Work: Attract New Talent, Build Better Leaders, and Create a Competitive
Organization, Hoboken, NJ: Wiley.

Ngayo, Christine Baldy (2014), Organizational Change & Cross-Functional Teams, Saarbriicken: LAP
Lambert Academic.



Organizing 81

Nir, Michael A. (2013), Building Highly Effective Teams: How to Transform Virtual Teams to Cohesive
Professional Networks—A Practical Guide, 3rd edn, Lewiston, NY: CreateSpace Independent
Publishing Platform.

Online Business Buddy (2013), Organize Your Office: The Ultimate Guide to Organizing Your Office and
Having a Stress-Free Workplace, Seattle, WA: Amazon Digital Services.

Parker, Glenn (2010), Building Relationships for Team Success: 20 Sure-Fire Ways to Get Stakeholders on
Board, Amherst, MA: Human Resource Development Press.

Parsaei, Hamid R. and William G. Sullivan (Eds) (2012), Concurrent Engineering: Contemporary Issues
and Modern Design Tools, London: Springer.

Pflaeging, Niels (2014), Organize for Complexity: How to Get Life Back Into Work to Build the High-
Performance Organization, New York: BetaCodex.

Ramos, Pedro Pablo (2011), Network Models for Organizations: The Flexible Design of 21st Century
Companies, New York: Palgrave MacMillan.

Scott, Tim (2014), Building Your Team: The Significance of Teamwork to Your Company’s Success, Lewiston,
NY: CreateSpace independent Publishing Platform.

Shannon, Robert E. (1990), Engineering Management, New York: Wiley.

Sibley, Jim and Pete Ostafichuk (2014), Getting Started With Team-Based Learning, Sterling: Stylus.

Stjepandic¢, Josip, Nel Wognum, and Wim J. C. Verhagen (Eds) (2015), Concurrent Engineering in the
21st Century: Foundations, Developments and Challenges, Cham: Springer.

Struck, Mike (2013), Team Rules, Mustang, OK: Tate Publishing.

Syversen, Yvette (2014), The Truth About Delegation: Grow Your Profits By Leveraging Other’s People
Power, Time, & Talents, Seattle, WA: Amazon Digital Services.

Thomas, Gail (2015), The Gift of Time: How Delegation Can Give you Space to Succeed, Chichester:
Capstone.

Wheelan, Susan A. (2014), Creating Effective Teams: A Guide for Members and Leaders, 5th edn, Thousand
Oaks, CA: Sage.

Zeigler, Kenneth (2010), Organizing for Success, 2nd edn, New York: McGraw-Hill.



This page intentionally left blank



M=

Leading

4.1 Introduction

Leading in engineering management refers to the function of an engineering manager that
causes people to take effective action. After deciding what is worth doing, the engineer-
ing manager relies on communication and motivation to get employees to act. By select-
ing workers who are inclined to collaborate, the engineering manager motivates them to
steadily add value to the company. In addition, skills training and attitude development
may also enable employees to take action. In this chapter, five specific leading activities will
be discussed, namely, deciding, communicating, motivating, selecting, and developing.

The true measure of the quality of an engineering manager’s leadership is his or her
demonstrated ability to guide and direct the efforts of employees to attain organizational
objectives (Northouse 2015). A leader has vision, sets a good personal example, is able to
attract and retain productive employers, motivates employees to use their abilities, and
induces them to willingly do their best. Managers derive their authority from occupying
higher positions within the organization. Leaders, on the other hand, have the power of
influence over people. Their power is attained by earning employees’ respect and admira-
tion (Maxwell 2015). However, some leadership skills can be learned. Engineering manag-
ers with good leadership qualities are particularly valuable to their employers.

In this chapter, specific methods for making decisions are also illustrated. These include
the rational method, decision-making by gut instinct, and decision-making in teams.
Furthermore, a few special topics on leadership are to be addressed, including (a) leading
changes, (b) advice for new leaders, and (c) guidelines for superior leadership.

4.2 Styles of Leadership

There are five major styles of leadership that are classified according to the attributes of
either a concern for people or an emphasis on tasks. These are defined as follows:

1. The nice guy: Places too much value on social acceptance while neglecting techni-
cal tasks.

2. The loser: Neither obtains acceptance from others nor gets the job done.
3. The compromiser: Balances both the needs of people and task factors.
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1. The nice guy
@ @ 2. The loser
3. The compromiser
@ 4. The task master

5. The ideal manager

Tasks

FIGURE 4.1
Leadership styles.

4. The task master: Is interested in getting the job done right without concern for
human feelings.

5. The ideal manager: Gets the job done and at the same time makes everyone happy.

Figure 4.1 illustrates these styles. The principal style of leadership exhibited by a leader
is largely determined by his or her personal characteristics derived from traits such as
childhood experiences, parental impact, work habits, value systems, and others (Olson
2014).

Leadership style can also be identified as effective or ineffective, flexible or inflexible.
Most leaders practice more than one leadership style in their daily work. Different styles
are applicable to different people at different times (Lukiv 2015). Engineering managers
are advised to vary their leadership styles in accordance with the needs of their employees
(depending on whether the employees are experienced or novices) and the work situation
at hand.

4.3 Leading Activities

The managerial function of leading includes performing specific tasks related to leading
the engineering unit or department to achieve organizational objectives. The activities
involved are outlined as follows (Kotter 1990):

1. Deciding: Arriving at conclusions and judgments with respect to priority, per-
sonnel, resources, policies, organizational structures, and strategic directions.
Decision-making with incomplete data is the norm, not the exception.

2. Communicating: Creating understanding and resolving conflicts by talking, meet-
ing, or writing to others.

3. Motivating: Inspiring, encouraging, or impelling others to take required action
and creating workplace conditions to ensure work satisfaction. As leaders, sci-
ence, technology, engineering, and math (STEM) professionals” dedication toward
the project inculcates a sense of responsibility and urgency among the rest of the
team.
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4. Selecting people: Choosing the right employees for positions in the organization or
for specific team activities.

5. Developing people: Helping employees improve their knowledge, attitudes, and
skills.

Some of these tasks are relatively easy, and others are more difficult. Engineering man-
agers need to practice them in order to become proficient over time in carrying out these
activities. They also need to demonstrate the ability to conceptualize the future, iden-
tify unstoppable trends, and develop new ways to grow. Each of these activities will be
reviewed in detail in the following sections.

4.4 Deciding

Making decisions is a key responsibility of engineering managers. Making high-quality
decisions is the hallmark of excellent managers. The purpose of making decisions is to
align the choices of project priorities, people, financial resources, technology, and rela-
tionships for the attainment of corporate objectives. As the engineering manager gains
experience, the overall quality of his or her decisions is expected to increase (Health 2013;
Krogerus and Taschaeppeler 2012).

Oftentimes, there is insufficient information available for guidance, or the future busi-
ness or market conditions are very fluid and fuzzy. Under these circumstances, man-
agers need to make spontaneous decisions based on intuition, gut instinct, and hunch.
Obviously, if data are available, they make reasonable decisions based on systematic stud-
ies and logical analyses of them. Engineering managers are typically quite proficient in
handling this latter type of decision-making, which follows the typical steps enumerated
as follows:

1. Assessment of facts and evaluation of alternatives
2. Use of full mental resources

3. Emphasis on creative aspects of problem solving
4. Consistency in thinking

5. Minimize the probability of errors

Management decisions are usually difficult to make for a number of reasons. They
involve problems and issues that are ill-defined, as they are wider in scope and affect
more people than typical technical problems and issues. The required data and infor-
mation may be insufficient or excessive, and there may be no time available to collect or
interpret the data. The available information may be of poor quality, because it is based
on guesswork, rumors, opinions, hunches, or hearsay. Decision-making involves human
behavior, which is not always predictable. The nature of problems and issues changes con-
tinuously. The consequences of management decisions depend on opinions available, and
as such, the consequences are also changing. Rarely does a perfect solution exist for man-
agement problems, since all options involve compromise, whose validity changes over
time. Decision-making must also consider implementation, which in turn depends on the
consensus and commitment of the affected people. Oftentimes, political considerations
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come into play as well. A critical decision may involve multiple layers of management or
peer departments, and thus it requires coordination.

The following is a list of several decision-making guidelines useful to engineering
managers:

1. Acquire decision-making experience, for example, by recognizing patterns and
rules and by studying management cases.

2. Prioritize problems for which decisions must be made. Do nothing with prob-
lems that are perceived to have minor significance and impact on the organiza-
tion. Avoid making decisions about issues that are not pertinent at the time. Delay
decisions that cannot be practically implemented. Also, do not make decisions
that ought to be made by others.

3. Follow a rational process to resolve a given problem and establish options to
remove its root causes (see Section 4.4.1). Asking good questions is also the hall-
mark of excellent leadership.

4. Involve those who will be affected by the pending decisions in the decision-
making process. Group decisions (see Section 4.4.5) are superior to those made by
individuals from the standpoint of implementation. Such decisions, however, may
take longer time to reach, and they usually represent compromises for all involved.

5. Make decisions based on available information and those assumptions that have
been introduced. Check the validity of all assumptions and adjust the decisions
accordingly. Take necessary risks and avoid becoming paralyzed by stress or
uncertainty.

6. Delay making decisions until the last allowable moment, as the problems and
available options may continue to change. Above all, meeting all deadlines with a
decision is better than having no decision.

How can we judge the quality of a given decision? A simple way to find out is to raise
the following three questions:

1. Has the decision achieved the stated purpose; has it corrected or changed the situ-
ation that caused the problem to exist in the first place?

2. Isitfeasible to implement the decision; is it meaningful with respect to the required
resources and the created value?

3. Does the decision generate noticeable adverse consequences or risks to the group
or the company?

The decision at hand is regarded as good if the first two questions are answered with a
“yes” and the last one with a “no.”

As a rule, managers are expected to make decisions. However, there are circumstances
in which managers should delegate the decision-making authority to the staff or work
alongside them to come to a decision.

The following are problems or issues that should be handled by the managers only:
(1) prioritizing tasks and projects, assigning office spaces, and defining group composi-
tion; (2) handling personnel assignments, evaluating performance, and taking job action;
(3) dispensing budget allocation; (4) applying administrative policies, procedures, and
regulations; and (5) dealing with highly confidential business matters that are specifically
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designated by the top management (e.g., compensation, promotion, corporate strategies,
and new marketing initiatives).

Managers should include their employees when making decisions on the following
problems or issues: (1) considering staff needs for development (e.g., attending professional
meetings, technical conferences, seminars, and training courses, as well as committing
to study programs at universities); (2) discussing policies and procedures, involving staff
interactions with other departments; and (3) determining team membership (e.g., consid-
ering personality fit, skills compatibility, working relationships, and balancing workload).
Decision-making authority should be delegated to staff members for the following mat-
ters: (1) techniques to accomplish assigned tasks or projects; (2) options to continuously
improve current operations and work processes; and (3) social events involving staff par-
ticipation, such as group picnics, golf outings, and Christmas parties.

As the saying goes, “practice makes perfect.” Engineering managers should seek oppor-
tunities to constantly acquire experience regarding when, where, and what decisions are
to be made. How decisions can be made is deliberated in the next section.

4.4.1 Rational Decision-Making Processes

A rational decision-making process is generally useful in facilitating decision-making for
numerous problems or issues in engineering when an adequate amount of information is
available (Eisenfuehr et al. 2010). It consists of the following set of logical steps:

1. Assess the apparent problem based on observed symptoms.

2. Collect the relevant facts. Usually, not all facts are available due to resource, cost,
or time constraints. Facts must be related to five decision-making factors:

a. Situation (what, how). The sequence of events leading to the problem and its
conditions.

People (who). Personalities, preferences, personal needs, and egos.
Place (where). Significance of location.

Time (when). Pressure to bring forth an immediate solution.

o & n T

Cause (why). Why the problem originally occurred, and why it occurred in one
situation, but not in another.

Past experience indicates that there are several good sources for identifying the
relevant facts related to the problems at hand (see Table 4.1).

TABLE 4.1

Sources for Facts Related to Problems

Problem Categories Sources of Useful Facts
Equipment Plant operations personnel

Technical Engineers with direct working knowledge
Customer inquiry Sales people

Customer complaints Service and sales personnel

Materials and parts Delivery and inspection personnel
Product quality Production staff

Customer preference Marketing personnel

Market competitiveness Marketing personnel
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3. Define the real problem at hand and its inherent root causes by raising the
following three questions:

a. What is the deviation between actual performance and the expected norm?
b. What are the desired measurable results in a problem-solving situation?

c. What represents success based on well-defined metrics and the proper method
of measurements?

4. Develop alternatives to address the root causes of the stated problems. Decision-
makers ought to freely invite creative suggestions from people who have direct
knowledge of the problem at hand, brainstorm in group settings (without criti-
cisms or comments so as not to deter imaginative suggestions), and take into
account both short-term and long-term impacts.

5. Select the optimal alternative. Decision-makers need to choose among the
options to address the root causes, such as by applying the rational method (see
Section 4.4.2). It is important for decision-makers to ensure that the chosen alterna-
tive will produce minimum adverse consequences to the company or unit. They
also need to plan for contingencies and make midcourse corrections, if required,
to secure the greatest probability of achieving the desired outcome. They should
also avoid committing to a final choice prematurely before its implementation
becomes feasible.

A decision is nothing but the choice among several available options to solve a
problem or address an issue. If there is only one option available, then no decision
is needed.

6. Set a course of action to implement the decision. Once a decision is made, engineer-
ing managers should devise an applicable action plan to implement the decision. The
manager must consider such details as policies that limit possible action, programs
(the sequence of action steps), schedules (dates and milestones), procedures (the
action steps carried out in an orderly manner), and budgets and expenses for equip-
ment and manpower. Decisions that are not effectively implemented are useless.

4.4.2 Specific Rational Decision Analysis Tool

The Rational Decision Method is a renowned analysis tool available to support decision-
making. It prescribes the following steps (see Table 4.2) to arrive at a rational decision:

1. Define a set of decision criteria needed for making the decision. The necessary
criteria are those that must be met. For example, all entry-level engineering
applicants must have undergraduate degrees in engineering to be considered for

TABLE 4.2

Rational Decision Analysis Method

Criteria Weight Factor Option A Option B Option C
Criteria 1 R Go Go Go
Criteria 2 10 4 8 10
Criteria 3 5 6 10 7
Criteria 4 8 10 6 8

Total weighted score — 150 178 199
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employment. Some hiring companies may define a grade point average (GPA; e.g.,
3.5 out of 4.0 maximum) as the cutoff academic performance level below which an
applicant would not be considered. The sufficiency criteria are those that are not
necessary, but are good to have. For hiring entry-level engineers, companies may
specify these to be summer work experience, internship activities, project work,
leadership positions held in student organizations, and others.

2. Rank order the sufficiency criteria by assigning weight factors ranging from 10 (as
the most preferable) to 1 (as the least preferable).

3. Evaluate all options against each of the options identified as necessary decision
criteria. For example, the options that meet the necessary criteria may be desig-
nated with the word “go.”

4. Remove from further consideration those options that fail the necessary criteria.

5. Rank all remaining options relatively, with respect to specific sufficiency criteria.
Assign a relative score of 10 to the most satisfactory and 1 to the least satisfactory
option.

6. Repeat this scoring process for each of the remaining sufficiency criteria.

7. Compute a weighted score for each option by multiplying its relative score for
a specific sufficiency criterion with its corresponding weight factor. Add up the
weighted scores for all sufficiency criteria to obtain the overall weighted score for
this option. Repeat the computation for each of the remaining options.

8. Compare the overall weighted scores and choose the option with the highest over-
all weighted score.

This method forces decision-makers to externalize all necessary and sufficiency cri-
teria and to assign weight factors to all sufficiency criteria before making decisions.
The chosen criteria must represent a mutually exclusive and collectively exhaustive set of
criteria for the decision at hand. By ranking options against each of the defined criteria,
all available options are properly evaluated in a rational, equitable, and comprehensive
manner.

This method is particularly useful in a team environment where members may need-
lessly argue for specific options without externalizing their decision criteria and the rela-
tive ranking they have assigned to the criteria. Oftentimes, the advocates for a specific
option make implicit assumptions that remain hidden and unknown to others on the
team. In addition, personal biases may influence the relative scores assigned to the options
when these options are evaluated against a given decision criteria. Experience has shown
that the personal biases tend to become minimized when the relative scores are polled
from all teammates during a meeting,.

This method is also effective for decision-making on an individual basis. Some engineer-
ing managers tend to emotionally overemphasize certain decision criteria and downplay
the importance of others. Again, having all decision criteria and their respective weight
factors explicitly delineated will facilitate a rational decision.

Example 4.1

Bill Pickens, manager of the test division, called John Riley, the group head of
mechanical testing, into his office and told him that there was a new opening for a
manager of product development in the company. For John, it would be a promotion
to a higher managerial rank with an appropriate increase in salary. However, the
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new position is temporary, in that it may be eliminated in a year. Although Bill hates
to lose a very valuable worker like John, he wants to let John himself make the deci-
sion. The product development division has specifically requested that this opening
be recommended to John. After having given it some thought, John decided to take
the new position.

The next day, Bill Pickens and John Riley sit down together again to name a group
head successor. Among the three section heads in the group, Dodd is the most experi-
enced. However, Dodd is quiet and does not communicate well. He may have difficulty
in selling testing services to others. Yeager is competent, but has made hasty decisions
that have been very costly to the group. Bennett is ambitious and aggressive, but has
poor interpersonal skills. They concluded that none could be immediately promoted to
take over. Finally, they agreed to rotate the acting head job among the three, to test out
each of them, since there is an outside chance that John may come back to his old posi-
tion after one year.

Shortly thereafter, Bill Pickens was promoted out. John decided not to return to take
Bill’s position. Terry Smith was brought in to take over Bill Pickens’s job as test division
manager. However, before Bill Pickens left, he indicated to Yeager that Yeager would
likely get the job, based on the results of the trial periods.

Terry found significant rivalry and ill-feeling between the three section heads. The
group had low morale and poor productivity. Under such circumstances, Terry decided
to appoint a new employee, Dennis Brown, to the mechanical testing head position
instead of one of the three.

Did Terry make the right decision? Apparently, the job rotation idea failed. What
would have been the right way for Bill Pickens to handle this problem?

Answer 4.1

The decision made by Terry was not the right one. The reasons are as follows:

1. The personnel situation was created by both Bill Pickens and John Riley’s
inability to make a staffing decision by choosing the best one among the
three candidates and minimizing the impact of the new head’s shortcomings.
Rotating the acting head job created chaos due to infighting. Potential infight-
ing should have been anticipated by experienced managers.

2. Terry’s decision negated an implied management promise that one of the three
would be promoted after a one-year trial period. This broken promise could be
the basis of a future lawsuit.

3. The appointment of a new employee, without consultation with and concur-
rence of the three section chiefs, reflects a lack of sophistication on the part of
Terry. It raises the issue of fairness and creates an employee loyalty problem.
The three section chiefs are not likely to be motivated to work with the new
person.

4. Tt is not known if Dennis Brown has the necessary technical and managerial
skills to be more successful than any one of the three tried candidates.

5. The likely results are as follows:

a. Lost management credibility due to broken promises and a lack of person-
nel staffing capabilities. (Riley neglected to groom a successor by correct-
ing the perceived shortcomings of his chosen successor during the last five
years.)

b. Management is perceived to be lacking fairness in decision-making.
(This will result in lower group morale and decreased employee loyalty.
Employee turnover may increase as a consequence.)

The job rotation idea is a poor one. It was selected only because Pickens and Riley
were not able to make good staffing decisions. They were looking for a perfect person,
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Making a Personnel Choice
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Criteria Weight Factor Dodd Yeager Bennett
Minimum technical experience R Go Go Go
Experience 10 10 8 6
Communications skills 8 5 10 10
Decision-making abilities 6 10 5 10
Human relations skills 6 10 10 5
Total weighted score 260 250 230
TABLE 4.4
Making a Refined Choice
Rank Without Probability of
Improving Correcting
Shortcoming Shortcoming Adjusted Total Score
Dodd 260 80 292 (=260 + 0.8 * 8 * 5)
Yeager 250 90 277 (=250 + 0.9 * 6 * 5)
Bennett 230 60 248 (=230 + 0.6 * 6 * 5)

and overlooked the possibility that most of the identified shortcomings could be easily
compensated for or corrected.

What Pickens and Riley should have done was to make a hard choice in the beginning,
either bringing someone in from the outside or promoting one of the three employees.
Assuming that no suitable outside candidates were available, then rational decision
analysis should have been used to come up with a choice, as shown in Table 4.3.

At first glance, Dodd appears to be the winner. However, as the candidates” weighted
scores are rather close, the refinement step shown in Table 4.4 may be taken.

Adjustments are made based on the expected values of improving the relative score of
the identified weakness from 5 to 10. The adjusted total score represents the final rank-
ing of these three individuals, after each is allowed to minimize his weaknesses. Dodd
remains the winner in this case.

Example 4.2

Due to global competition, the company faces a tough time in the marketplace, and so
it must scale down its workforce. The board has offered the following options for the
employees:

1. Quit voluntarily. This could be attractive to several bright young engineers
whom the company does not want to lose.

2. Last in and first out. This could result in the loss of young and more versatile
operators.

3. Early retirement of those within 10 years of their normal retirement age. This could
cause a loss of engineers with valuable product knowledge.

4. Reverse ranking in performance records. This could lead to unfair selection, as the
uniform performance appraisal system has been operating in the company
only for the last few years.

What methods, or combination of methods, should the company use to reduce
employment?
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TABLE 4.5

Choosing the Method of Downsizing

Weight  Option  Option Option Option Option5 Option 6

Criteria Factor 1 2 3 4 (1&4) (4&1)

Not to lose knowledge 10 5 10 3 8 6 7
and experience

Easy for affected 8 10 10 5 8 9.5 8.5
employees to find jobs

Easy for company to find 8 5 10 3 8 6 7
replacements

Easy for company to 10 10 9 8 5 8 6
avoid legal problems

Total weighted score 270 350 174 258 264 254

Answer 4.2

The company should use the rational decision-making method and assign weight fac-
tors to all the criteria. The relative score as displayed in Table 4.5 should be assigned to
evaluate all options.

Based on the results obtained from Table 4.5, the method of last in and first out (Option
2) should be chosen to reduce employment.

4.4.3 Additional Support Tools for Decision-Making

A number of spreadsheet-based tools are commercially available to engineering managers
to support their decision-making process. Examples of such tools include

Forecasting (exponential smoothing, time series, and neural network computing)
(Hyndman and Athanasopoulos 2013)

Regression analysis (single variable and multivariable) (Chatterjee (2012)
Risk analysis and project management (Fenton and Neil 2012; Yoe 2011)
What-if solver (Slager 2014)

Simulation modeling (Brandimarte 2014; Ross 2012)

Decision trees (Rokach and Maimon 2014; DeVille and Neville 013), see the TreeAge
2015 software by httpe://www.treeage.com

Optimization (linear programming and integer and dynamic programming)
(Belegundu 2011)
Artificial intelligence and pattern recognition tools (Marwala 2014; Frankish 2014)

Expert or knowledge-based systems (Giarratano and Riley 2004; Tweedale et al.
2015)

Engineering managers should familiarize themselves with all of these decision support
tools so that they can employ the right tools under the right circumstances (Ragsdale 2014).

Example 4.3

A certain company makes two products: P; and P,. Each P, requires 5 kg of material
M and 3 kg of material N. Each P, requires 3 kg of M and 3 kg of N. In the warehouse,
there are 350 kg of M and 270 kg of N available. The profit is $50 for each P; and $40 for
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each P,. What mix of P, and P, products should the company make and sell in order to
maximize its total profit?

Answer 4.3

This is an optimization problem to be solved by linear programming;:

Maximum profit =50 x x; +40xx, {Objective function}
Subject to 5x; +3x, <=350 {Constraints}

3x; +3x, <=270

x1>=0

X, >=0

Graphically, the solution method can be displayed as shown in Figure 4.2. Because of
the four constraints, the solution space is bound by the area OABCO: O (0,0), A (90,0),
B (40,50), and C (70,0).

As the profit line (50 X x, + 40 X x, = profit) moves to the right, the profit is maximized
when it passes through the point B (40,50), the rightmost location it can take, while still
satisfying the stated constraints. Thus, the maximum profit is $4000(=50 x 40 + 40 x 50),
and numbers of products P, and P, to make and sell are 40 and 50, respectively.

The simplex method is programmed to handle linear optimization programs with n
independent variables.

Suppose we want to know more about the impact of material constraints on the com-
pany’s profit. Let us assume that material N can be increased by 30 units, subject to the
new constraint

3x1 + 3XZ <=300.

This new constraint, represented as a straight line 3x, + 3x,= 300, intersects the straight
line 5x, + 3x, = 350 at the point D (25,75), which is not shown in Figure 4.2. The new
optimum solution is then D, producing a new total profit of $4250(=50 x 25 + 40 x 75).
This new profit is $250 over the previous total, because of added material N, which has
a shadow price of $8.33(=$250/30).

A x2

Profit 5x1+3x2 =350

line A

3x1+3x2=270

(OX0] °

FIGURE 4.2
Linear programming problem.
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4.4.4 Decision-Making by Gut Instinct

Since, up to middle-managerial levels, decision-making is mostly quantitative, the tools
indicated in the preceding section are useful. However, at upper- and senior-managerial
levels, problems and issues get much more complex and ambiguous. When such circum-
stances defy systematic analyses, decision-making is typically based on intuition and gut
instinct (Cholle 2011).

Bob Lutz, president of the Chrysler Corporation, was reported to have made the decision
in 1988, by pure instinct while driving alone along a country road, to develop and market
a new sports car, the Dodge Viper. This car later turned out to be a great success. Using
interviews with several other managers as source material, Hayashi (2001) studied the
general intuitive decision-making processes.

What is gut instinct? According to Hayashi (2001), our minds process information all the
time. Our left brain processes conscious, rational, and logical thoughts, whereas our right
brain takes care of subconscious, intuitive, and emotional thoughts. Some people claim
that they can tap into right-brain thinking by jogging, daydreaming, listening to music,
or using other meditative techniques. Others have reported that they get innovative ideas
while taking long showers or placing themselves in unfamiliar situations.

The theory of intuitive thinking claims that accumulated past experience enables some
people to bundle information so that they can easily store and retrieve it. Experts fur-
ther claim that such information is retrieved from memory by the observation of patterns.
Professional judgment can often be reduced to patterns and rules. Accordingly, all other
things being equal, people with varied and diverse backgrounds tend to be more capable
of thinking intuitively and learning faster because they recognize more patterns. When
using gut instinct, people essentially draw on rules and patterns that reside in their memo-
ries. Diverse backgrounds facilitate cross-indexing, allowing one to see similar patterns in
disparate fields.

However, instincts can at times be wrong. People who make decisions intuitively are
advised to secure constant feedback in order to minimize the impact of incorrect decisions
and to learn from these decisions. Over time, the process of learning on the basis of feed-
back has the potential of improving the patterns and rules stored in the peoples’ memory,
thus enabling them to make better intuitive decisions in the future (Root-Bernstein and
Root-Bernstein 2001).

Engineering managers at low- or middle-managerial levels should keenly observe how
top-level leaders make important decisions and reflect on such decision-making processes,
in order to update and modify their own decision-making patterns and rules.

4.4.5 Decision-Making in Teams

Typically, individual engineering managers make decisions by using one or more of the
methods just described (analytical, rational, or intuitive). However, engineering manag-
ers may also elect to make decisions by using the inputs generated by teams. Under such
circumstances, additional factors come into play, such as personality clashes, conflicts of
interest, and coalitions or alliances among the team members, which affect the resulting
decisions. Team leaders need to pay special attention to a set of additional guidelines that
foster better decision-making in group settings.

Silver (2013) advanced the idea that the group decision-making process must be man-
aged properly to consider social and organizational aspects. Doing so will secure the
needed support for implementation, which ultimately determines the final impact
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of any decision. Three factors are important for the team leader to take into account
when managing a group decision-making process, namely, conflict, consideration, and
closure.

Group decision-making requires a set of leadership talents that are somewhat different
from those demanded in other situations. These include (a) active solicitation of divergent
viewpoints, (b) acceptance of ambiguity, (c) the wisdom to end a debate, (d) the ability to
convince people of the merits of the decision made, and (e) the ability to maintain bal-
ance to embrace divergence and unity—divergence in opinion during the debate and the
required unity of participants needed to implement the decision.

Engineering managers are encouraged to follow the preceding guidelines when manag-
ing team decision-making processes.

4.5 Communicating

The purpose of communicating is to create understanding and acceptance of the facts,
impressions, and feelings being communicated. When communicating, engineering man-
agers must have a clear purpose in mind and ensure that the message is understood and
retained. A proper form of communication needs to be selected, such as a one-on-one
meeting, phone conversation, written memo, staff meeting, e-mail, videoconference, web
posting, or net meeting. It is advisable for the engineering managers to keep the commu-
nications channels open. They should be straightforward and honest, respect confidential
information, welcome suggestions, anticipate resistance to changes, and dispel fears by
disclosing full information (Adler et al. 2012).

There are five key actions to take to achieve efficacious communication: asking, telling,
listening, writing, and understanding. These actions will be discussed next.

4.5.1 Asking

Engineering managers should proactively request information and not wait to be told. A
lack of information can prevent understanding. Open-ended questions—those that cannot
be answered with “yes” or “no”—should be raised to gain new knowledge. Voltaire said,
“Judge a man by his questions rather than his answers.” Good insights come from asking
good questions. Great creative thinkers ask more questions. One needs to dig deeper and
deeper until magic insights reveal themselves. Asking questions is to unpeel the layers
of packaging to get to the real heart of the matter by repeating why, how, where, when,
who, what, what if, and what else. The quality of the questions represents a gauge of the
questioner’s background, education, and depth of understanding of the issues involved
(Palmer 2014; Sobel and Panas 2012; Marquardt 2014).

4.5.2 Telling

Telling means transmitting information (verbally or in written form, or both) for managers
to keep employees informed about matters of concern to them, for employees to inform
managers about problems and pertinent development (e.g., to avoid surprises that would
trigger spontaneous and low-quality decisions), and for workers to pass information to
their peers.
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Engineering managers need to exercise judgment as to what to tell and what not to tell,
as too much information could lead to overload and confusion and too little information
could cause employee mistrust and poor productivity. A typical rule of thumb used in
industry is that information is dispersed based on the need to know. Managers will share
information freely if it is needed for performing specific work or has an impact on the
individual’s work environment (Walsh 2014).

4.5.3 Listening

Engineering managers need to work on their listening skills to enhance their understand-
ing of both the words (spoken and written) and any possible subtext. Woodrow Wilson
said, “The ears of the leader ring with the voices of the people.” They should maintain their
concentration by exercising self-discipline and rigorous control of their own urge to talk
and interrupt (Alstine 2014; Ferrari 2012; Hartley 2014).

4.5.4 Writing

Written communications need to be concise (using the least number of words to express
the maximum number of concepts), logical (allowing easy comprehension), and pertinent
(focusing on the impact on the business purpose at hand). Check the writing advice
offered by Felden (1964) with respect to readability, correctness, appropriateness, and
thought. HBS Press (2003) offers seven principles of good writing: (1) having a clear pur-
pose, (2) being audience-focused, (3) stating key message clearly, (4) staying on topic, (5)
observing economy of words, (6) using simple sentences, and (7) considering the right
delivery strategy. Consult the books by Strunk (2015) and Hacker and Sommers (2014)
with respect to style.

4.5.5 Understanding

The ultimate goal of communication is to promote understanding—to hear with the head
and to feel with the heart. Engineering managers need to recognize shared meaning (emo-
tional and logical) and to assess the degree of sincerity by observing body language, into-
nation, and facial expression (Adler et al. 2013).

Several communication barriers exist and these barriers should be taken into account by
engineering managers:

1. Interpretations of words and terms: Words are symbols or semantic labels applied
to things or concepts. The same words may have different meanings to different
people.

2. Selective seeing: Some people have the tendency to see only what they want to
see and remain blind to other information unfavorable to the position they
take.

3. Selective listening: Some people hear only what they want to hear by screening
out information that may seem threatening to them, thus limiting their abil-
ity to appreciate different perspectives and points of view. Others in conflicts
may want to understand only that which allows them to pursue their own
self-interest.
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4. Emotional barriers: All people have emotions. Engineering managers need to appre-
ciate the fact that people’s feelings are as important as their intellectual knowl-
edge. Sometimes, people’s attitudes and feelings may be so strong that they impair
their understanding of what is being conveyed. Generally, personal biases will
distort the understanding of what is being communicated.

The barriers just cited may cause the communications process to fail in creating the
desired degree of understanding. Experience has shown that appeals to emotion tend to
be understood and accepted much more readily than appeals to reason, analysis, or cold
logic.

To communicate efficaciously, engineering managers are advised to pay attention to the
following guidelines:

1. Know what to say and say what is meant: Engineering managers should focus on
key messages when communicating. Avoid noise or meaningless sounds, point-
less statements, and inconclusive remarks often used by people to impress others,
but not to express themselves. Examples of such noise include “The answer is
definitely a maybe” and “It is not probable, but still possible.”

2. Understand the audience: Engineering managers should tailor their communication
to the receiver’s frame of reference—their beliefs, concerns from the job, back-
ground and training, attitudes, experience, and vocabulary.

3. Secure attention: Engineering managers should try to appeal to the receiver’s inter-
ests; anticipate and overcome emotional objections (fear, distrust, and suspicion);
talk in the receiver’s terms; and lead from the present to the future, the familiar to
the unknown, and the agreeable to the disagreeable.

4. Obtain understanding: An effective communication technique is to start with
agreements and the statement of facts (not conclusions), use simple words (not
ponderous, confusing, or abstract terms), and communicate in bursts (avoiding
information overflow and knowledge digestion problems).

5. Ensure retention: The rule of four states the following: (1) Before trying to get
an idea across, tell your receivers what you are going to say. (2) Say what you
have to say. (3) Tell them what you said. (4) Get them to tell you what they have
understood.

Obviously, engineering managers must practice such a rule tactfully when the
receiver happens to be a senior manager of the company, instead of a young intern
engineer who may have just recently started to work.

6. Receive feedback: Engineering managers need to proactively pose questions and
learn to listen in order to get feedback from what was communicated.

7. Get action to enhance communications: Engineering managers should have the
receivers take action on the just-completed communication as a way of securing its
impact. This could be in the form of a commitment by the receivers to take specific
steps by agreed-on dates.

Creating understanding is what communication is all about. Engineering man-
agers need to practice asking insightful questions, conveying messages clearly,
and listening attentively so that understanding is created at each and every com-
munication endeavor.
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Example 4.4

The company decided to move its engineering center to another location, since it was
running out of space. The new location was to be modern and had been planned as a
showpiece for the company. Management felt certain that the employees would wel-
come the move. Negotiations were started with several local governmental authorities
for suitable accommodation.

To keep the workforce fully informed, it was agreed that the employees would be told
that a move was to be made, but that as yet no site had been chosen.

This communication led to wide speculation among the engineering professionals as
to the location of the new site, and various rumors circulated. Some engineers with fam-
ilies decided to look for alternative employment elsewhere, fearing that the new loca-
tion would not be within commuting distance. Morale fell and productivity suffered.

Negotiations took longer than anticipated, and no suitable location had been found
after six months. By then, morale was so low that the company decided to abandon its
relocation plan altogether. To overcome the space problem, the company split the engi-
neering group by putting a smaller team into another factory site nearby.

What went wrong? How would you have handled this case differently?

Answer 4.4

To communicate or not to communicate—that was the question. A well-intended, but
premature relocation announcement induced anxiety in the minds of affected engi-
neers. A lack of progress in site negotiations compounded these anxieties, causing low
morale and decreased productivity, leading to an eventual abandonment of the plan.

It would have been better for the company management to keep the plan secret initially,
negotiate for and decide on a specific site, and then have the company president announce
the relocation plan in a town meeting. The announcement should have included:

1. The location of the new site, with emphasis on the advantages in transporta-
tion, health care, weather, and historical, cultural, and recreational attractions.

2. A request for the support of all engineers in making the relocation as smooth
as possible. The purpose of the relocation is to provide a better facility for
everyone. The company is investing x million dollars to support this move,
which will allow for possible expansion in the near future.

3. The date by which relocation is to be completed.

4. A delineation of the company’s plans to fund all relocation costs and offer assis-
tance in selling and buying homes, if the relocation is more than 100 miles away.
The company will also assist the affected spouses to find jobs at the new site.

5. The description of a human resources desk that will be set up to answer spe-
cific questions.

Example 4.5

Your department is going to institute a major change. Some members have indicated
that they believe the change may be needed. However, in the past, members of the
department have tended to resist changes that they did not initiate. The department
as a whole has a good performance record. Discuss the advantages of the following
alternatives:

1. Permit the members of the department to determine if the change is needed.
2. Let the group make recommendations, but see that your objectives are
adhered to.
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3. After the group discussion, adjust the goals, if possible, and monitor perfor-
mance to see that the change is followed.

Which do you think is most appropriate? Are there other strategies that are more
appropriate?

Answer 4.5

People resist changes unless they are convinced that the contemplated changes are nec-
essary. They tolerate changes better if the changes are introduced gradually and they
have had some say in making the changes.

Out of the three alternatives given, (2) is the most appropriate. Management must
state clearly the objectives of the planned changes and how the attainment of objectives
is to be measured. The members of the department should be allowed to participate in
deciding how to achieve the stated objectives.

Company management must set the goals, which are not negotiable. Members of the
department are not to be empowered to decide if changes are needed or not. Although
the department has a good performance record, change may still be needed for achiev-
ing significantly better performance in view of the competition in the marketplace.
Thus, alternative (1) is not appropriate.

The goals of the department should not be adjusted on the basis of what members of
the department would like to do. Performance monitoring is a valid approach to ensure
that the stated objectives are met. Thus, alternative (3) is also not appropriate.

In general, staff participation is useful to ensure active implementation of the decision
made. Thus, a combination of alternatives (2) and (3) may be proper. Management speci-
fies the objectives of the changes and the ways the attainment of these objectives are to
be measured. Members of the department are encouraged to make recommendations
regarding the best ways to implement the changes. The actions taken by the department
are to be monitored constantly to make sure that the stated objectives are met, even if
only gradually.

4.6 Motivating

The engineering manager secures results by motivating people. Examples of motivators
include opportunities to do challenging, interesting, and important work; exercising lead-
ership and position power; and gaining prestige and recognition. To motivate is to apply a
force that excites and drives an individual to act in preferred ways. In general, emphasis is
given to motivational forces that cause the individuals to willingly apply their best efforts
(Bruce 2011: Stratheford 2012). As Ralph Waldo Emerson said, “Nothing great was ever
accomplished without enthusiasm.”

It is advisable for engineering managers to accept differences in personal preferences,
values, and standards, and not try to change people. According to one theory, personality
traits are usually firmed up at the early ages of four or five by environmental conditions.
Managers should also recognize that every employee has inherent drives to fulfill their
own needs, such as self-actualization, recognition, ego, self-esteem, group association, and
financial goals (Tracy 2013).
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4.6.1 Methods of Motivation

In general, engineering managers have several methods of motivation at their disposal
(Mauer 2015):

1. Inspire: Infuse a spirit of willingness into people to perform most effectually by
way of their own personality and leadership qualities, personal examples, and
work completed.

2. Encourage: Stimulate people to do what has to be done through praise, approval,
and help.

3. Impel: Force and incite action by any necessary means, including compulsion,
coercion, fear, and, if required, punishments (such as demotion, job suspension, or
termination).

The first two methods are well suited to motivate professionals, and the last one is not.
Being assigned challenging work is a useful motivator for professionals.

4.6.2 Specific Techniques to Enhance Motivation

Engineering managers may implement the techniques outlined here to inspire and encour-
age professionals to act (Newman 2015).

1. Participation: Invite employees to take part in setting objectives and making deci-
sions. Doing so will ensure emotional ownership and the utilization of specialized
knowledge. Participative management is known to have a positive motivational
impact on employees.

2. Communication: Set clear standards, relate the importance of the work, keep expec-
tations reasonable, and respond to suggestions offered by employees.

3. Recognition: Give credit where it is due, as sincere praise tends to promote further
commitment. Fair appraisals induce employee loyalty and trust.

4. Delegate authority: Trust the employees and do not overcontrol them. Achievers
will seek additional responsibilities, and security seekers will not. Delegate what
to do and leave how to do it to the individuals. Delegate technically doable work
only to those who want it.

5. Reciprocate interest: Show interest in the desired results to motivate employees to
achieve these results.

4.6.3 Innovative Strategies of Worker Motivation

Confucius says, “Reciprocity is the foundation of human relations.” One very forceful
method of employee motivation is indeed to offer help needed by the employees, who will
surely be inclined to reciprocate. The key is to define such needs.

The innovative strategies advanced by Green (2013) are built on the known assumptions
that a person’s needs may be grouped into hierarchical levels, as follows:

1. Physiological needs: Hunger, thirst, and the need for clothing and shelter.
2. Safety: Protection from threats and danger.
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3. Social: Giving and receiving affection, group membership, and acceptance by
peers.

4. Esteem: Ego and self-confidence to achieve recognition.

5. Self-actualization: Continued self-development and realization of one’s own
potential.

A satisfied need no longer dominates the individual’s behavior, and the next higher-
level need takes over. But a higher-level need only arises when lower ones are already
satisfied. The central premise of the model is that an unsatisfied need acts as a motiva-
tor. Accordingly, a need-based motivation strategy suggests that engineering managers
should learn to understand the specific needs of their professionals at any given time and
find ways to help satisfy these needs.

Experience has shown that the motivation strategies presented here can be helpful in
motivating professionals who typically have high-level needs related to self-actualization
and esteem.

1. Present a variety of work assignments perceived to be desirable and that offer the
opportunity for personal growth.

2. Offer work that has a scope broad enough for the employee to develop self-expres-
sion and individual creativity.

3. Manage with minimum supervision and control, as professionals favor indepen-
dence and individuality. Professionals tend to prefer having the freedom to make
their own decisions and choose their own work methods for achieving the stated
objectives.

4. Provide work that fully utilizes the individual’s professional experience, skills,
and knowledge.

5. Assign work that enables the employee to receive credit and peers’ recognition.
Examples include teamwork, publication of technical articles, patents, company
awards, and activities in professional and technical societies.

On the other hand, pay and benefits have only a minor impact, as physiological needs do
not represent a motivator for most professionals. Because the higher-level needs are never
completely satisfied, engineering managers have ample opportunities to motivate profes-
sionals to act with their best abilities in achieving the corporate objectives.

Example 4.6

Company X recently installed an incentive system in the production department. Each
person receives incentive payments (in addition to hourly wages) for any work done
beyond the work standards established for each job. After one month, the production
manager noted that there was only a meager increase of 4.5% in production. In your
opinion, what might be the reasons for such a poor outcome?

Answer 4.6

The incentive program appears to have failed in realizing the projected benefit. This
could be due to several reasons:

1. The incentive offered may be too small relative to the base hourly wage that
these workers have been earning all along.
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2. Management may have made the mistake of not having consulted with work-
ers to understand their specific hierarchy of needs. Additional pay may not
be a strong motivator to them in comparison with other nonmonetary factors,
such as peer recognition, self-expression, social acceptance among peers, and
others. It is known that team participation (such as a quality circle) has been a
strong motivating factor for many production workers in the automobile and
other industries.

3. If the production workers are unionized, the union leadership may have played
a role in discouraging workers to compete against each other for pennies.

It would be worthwhile for the production manager to set the target for desirable
productivity improvement at, for example, 10%, over the next 12-18 months. Then, the
production managers should form a team that is empowered to develop recommen-
dations regarding the specific ways to achieve the stated improvement goals in pro-
ductivity. The team should be made up of workers on the plant floor, union leaders,
production engineers, and others who have direct knowledge of the production process
involved. By having participated in such teamwork, workers on the plant floor become
part-owners of the resulting action plan. The resulting plan is more likely to be success-
fully implemented.

4.7 Selecting Engineering Employees

The long-term success of an engineering enterprise depends on the availability and
effective utilization of employees’ abilities, skills, and talents. It is equally important
to note that job satisfaction is known to have a profound impact on employees” will-
ingness to apply their skills to the best of their abilities (Arthur 2012; Farr and Tippins
2010).

Through employee selection, company managers have some control over employees’
abilities, their willingness to apply their best efforts, and the extent of their job satisfac-
tion. All companies would favor hiring employees who are productive and happy workers
in corporate settings, firmly dedicated to their tasks, have excellent interpersonal skills,
possess the team player mentality, receive sound basic training, and exhibit the capability
to learn new things quickly.

4.7.1 Selection Process

Typically, the employee selection process includes the following steps:

1. Define needs: Specify the needs of the new positions by taking into account the
immediate requirements and long-term growth demands of the organization.

2. Specify jobs: Compose a job description for each of the open positions to define the
roles and responsibilities of the position holders, the position grade levels, and the
minimum qualifications of the ideal candidates (i.e., levels of basic training and
work experience).

3. Acquire applicants: Publicize job openings in newspapers, professional publications,

company websites, employment agencies, social media, and Internet job sites to
solicit candidates.
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4. Review and prescreen: Select applicants by matching personal objectives with com-
pany goals and check documents and references carefully.

For entry-level candidates who are recent college graduates with no profes-
sional experience, many industrial employers place a significant amount of weight
on their GPA. Some companies have even specified a minimum GPA level as a
prescreen criterion. This overemphasis on the GPA is probably due partially to an
ignorance of better, more objective criteria than the GPA in assessing the mastery
of basic course subjects. This overemphasis is also due to the notion that the GPA
is a composite reflection of the level of personal responsibility and dedication, as
demonstrated by an individual in doing his or her principal job of learning during
college years.

5. Conduct interviews: Each applicant may be interviewed by several hiring manag-
ers. The basis of assessment is typically studying the past to predict the future. The
quality of past work is a very good predictor for the future, as people are known
not to change significantly for the better overnight. A few useful guidelines are
enumerated here.

a. Ask about the candidate’s capabilities pertaining to the new position.

b. Listen carefully to what the candidate says during the interview. Avoid spend-
ing too much time selling the job opportunity to the candidate.

c. Prompt the candidate to describe his or her last job. Be cautious of candidates
who speak negatively about their past employers.

For example, a recent college graduate may complain loudly about his or her
research-centered alma mater’s negligence in undergraduate teaching and use it
as a reason for the individual’s poor GPA records. This individual may be likely
to behave as a blame-shifting, finger-pointing, and irresponsible individual in a
professional environment.

d. Suggest that candidates tell you something negative that you should know
about them. Look for honesty. Determine if the candidate is aware of his or her
personal flaws, and what active steps have been taken to correct them.

e. Urge the candidates to explain what they would do if they got in over their
heads at work. An employee who turns to a colleague is a team player. An
employee who turns to a supervisor behaves like a child. An employee who
isolates himself or herself when in trouble can be extremely damaging to the
business.

f.  Ask for specific examples that demonstrate the candidate’s capabilities in cre-
ativity, innovation, and general leadership.

g. Encourage candidates to describe their aspirations. Ask, “Where do you see
yourself in five years?” or “What are your future goals?” Companies need
employees who can grow and evolve over time. A candidate who does not
have goals or ambitions may resist learning new skills or taking on additional
responsibilities.

6. Decide on job candidates: Match the candidate’s personality, technical capabilities,
work ethics, values, and other qualities with those of the company.

Generally speaking, the selection process just described, which is widely practiced in
industry, has not always yielded desirable results for employers (Murphy 2011). Typically,
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four to five hiring managers may interview an engineering applicant during a one-day
site visit. For employers, the easy part is to assess the candidate’s technical capabilities, as
such capabilities are readily supported by documents (e.g., academic records, internship
reports, thesis, publications, and reference letters from professors and company execu-
tives). The more difficult part is the assessment of the individual’s soft skills, as discussed
in the next subsection.

4.7.2 Soft Skills

Any employee’s future success in an industrial enterprise is known to be strongly affected
by their soft skills in teamwork, interpersonal relationships, leadership quality, collabora-
tive attitude, mental flexibility, and adaptability. These soft skills are linked to the engi-
neers’ personality traits, psychological profiles, value systems, and deep-rooted beliefs.
However, companies generally do not require candidates to undergo specific psychologi-
cal tests, and most interviewers are not trained to assess candidates for soft skills (Gillins
2015; Wentz 2012).

Part of the difficulty in assessing the soft skills of engineers is brought about by the engi-
neers themselves. Nowadays, most engineers, armed with the knowledge of interviewing
guides, know quite well how to “talk the talk and walk the walk” in interviews. They have
polished responses to almost any type of questions in interviews and are thus proficient in
displaying the characteristics they believe many employers are looking for.

Results in the literature have indicated over and over again that most professionals who
failed in industry—those who have been laid off or voluntarily quit due to personal dis-
satisfaction—were deficient in soft skills, not in technical capabilities. Future hiring man-
agers need to learn more about how to assess the soft skills of candidates.

Some companies have devoted significant efforts to address this issue. Shown here
are industrial practices that describe what two progressive companies (Mazda Motor
Manufacturing Corporation (USA), Flat Rock, Michigan, and Diamond Star Motors
Corporation, Normal, Illinois) have done to assess the soft skills of their candidates and
the selection criteria they used when selecting these blue-collar workers (Hampton 1988).

1. Interpersonal skills: Ability to get along with people.

2. Aptitude for teamwork: Team dedication and participation, focus on the impact on
the team and company instead of individual performance.

3. Flexibility: Learn several jobs, change shifts, and work overtime.

4. Drive to improve continuously: Make and take constructive criticism.

The basic strategy followed by these companies is to pick the best employees and train them
well. It is noteworthy that “best” is defined by the soft skills of the candidates, not by their
hard (technical) skills. These companies are known to have selected 1,300 candidates out
of 10,000 applicants at a cost of $13,000 per person, using a multiphase process involving
tests, exercises, and role-playing in group activities.

4.7.3 Character

In the last few years, the general public has found a renewed interest in business ethics,
mainly sparked by reported questionable practices by companies such as Enron, Global
Crossing, Adelphia Cable, Arthur Andersen, and others. Chapter 11 provides detailed
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discussions of various ethical issues. However, it is proper to note here that it serves com-
panies better in the long run to hire employees with character and then train them to
acquire the requisite technical skills to become productive (London 2013; Brooks 2015).

4.8 Developing People

Developing employees is another important activity of the managerial leader (Noe 2012).
The objective of developing employees is to shape their knowledge, attitudes, and skills in
order to enhance their contributions to the company and to foster their personal growth.
Knowledge is the cognizance of facts, truths, and other information. Attitudes are habitual
personal dispositions toward people, things, situations, and information. Skills are the
abilities to perform specialized work with recognized competence.

In well-organized companies, managers are evaluated on the basis of several perfor-
mance metrics, including how they have taken care of the development needs of their
employees. To be successful, employees must demonstrate initiative in seeking to continu-
ously improve their own knowledge, attitudes, and skills.

4.8.1 Employees

There are several ways in which managers may help develop employees. Employees
may be prompted to follow the managers’ personal examples of continuous improve-
ment in knowledge, attitude, and skills. Managers may coach inexperienced employees
on the job by demonstrating preferred ways of performing specific tasks. In addition,
managers could enrich employees” work experience by institutionalizing a job rota-
tion. If the company’s budget and policy so allow, the specific employees may be sent
to attend professional meetings, technical conferences, training seminars, and study
programs at universities. Furthermore, team assignments may be used to permit a bet-
ter utilization of the employees’ talents and expertise to other critical projects, while
offering them an opportunity to become known to a larger circle of peers within the
company (Yukl 2012).

In training employees, managers need to emphasize employee participation, as the goal
is to satisfy the employee’s needs while simultaneously attaining the company’s objec-
tives. Employees should be appraised with respect to their present performance in deter-
mining what steps might be needed to qualify them to make greater contributions in the
future. If the employee’s current performance is deemed to be inadequate, managers need
to be positive and forward looking in helping the individual recognize the need for self-
improvement. By setting a personal example of continuous improvement, the manager is
likely to positively motivate the individual to seek further development.

4.8.2 Successors

Besides training employees, managers are also expected, as a part of their managerial
duties, to find suitable candidates within their organizations to succeed themselves some-
time in the future (Ward and Aronoff 2010). This is consistent with career planning pro-
grams that some industrial companies are actively implementing to promote leaders from
within, discourage turnover, and maintain corporate continuity.
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4.9 Special Topics on Leading

Corporate change needs strong leadership. Leaders promoted into new positions will need
to apply special strategies to succeed. Successful leaders share certain common attributes.
The next subsection discusses the special topics related to the managerial function of
leading.

4.9.1 Leading Changes

In twenty-first-century global economies, company-internal changes occur frequently and
often in reaction to changes in the external environment. Changes are typically forced on
companies by the market entry of new competitors, the declining market share position of
the company, the emergence of new technologies threatening the company’s products or
services, declining company performance in different regional markets, (e.g,, sales, gross
margin, earnings, and net profits), shifting in customers’ preferences, and other factors
(Laurence 2014; Anderson 2013; Shea 2013).

Changes will usually require the company to modify its ways of conducting business.
In general, changes are difficult to introduce because people like to stay in their comfort
zones. After changes are introduced, they need to be sustained beyond a transformational
period. Corporate changes demand strong leadership. According to Kotter (2012), there are
two reasons why many transformation efforts fail:

1. Large-scale corporate transformation takes time. In one specific example, the
maximum number of changes in a corporation was reached in the fifth year of
transformation (Shannon 1980). Leaders must be patient in marshaling corporate
resources to push forward (Figure 4.3).

2. Corporate transformation must follow a process of eight consecutive steps to suc-
ceed. Every one of these eight steps is critical, as failure in any one will affect the
overall transformation performance.

Corporate transformational changes
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FIGURE 4.3
Corporate transformational changes. (Condensed and adapted from Robert E. Shannon, Engineering Management,
New York: John Wiley, 1980, p. 203.)
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The process of eight consecutive steps delineates essentially the success factors for trans-
formational change. These eight steps are

1. Establish a sense of urgency: Leaders must examine the market and competitive
realities and identify and talk about crises, potential crises, or major opportunities
available in the global market. The goal is to convince at least 75% of the manage-
ment that remaining in the status quo is more dangerous to the health of the cor-
poration than launching in a new corporate direction.

2. Form a powerful guiding coalition: Major renewal programs often start with one or
two people. But a leadership coalition must grow over time. In addition to the top
leaders, there should be another 5 to 50 people committed to renewal. The group
must be powerful in terms of titles, reputations, and relationships. Only when
there are enough leaders in the senior ranks will the renewal process move for-
ward. Leaders should inspire the group to work together as a team. The specific
goal is to secure shared commitment to change by the top management and by the
most influential people. A line position holder must lead the coalition.

3. Create a vision: A coherent and sensible vision is needed to help direct the effort
to change. Leaders need to develop strategies to achieve that vision. The vision
should be easy to communicate to stockholders, employees, and customers.
Ideally, it should be explainable to an audience within five minutes and achieve
their understanding and acceptance.

4. Communicate the vision: Transformation needs a lot of people to make it happen.
Employees need to be persuaded and motivated to help make the changes. The
vision needs to be repeated whenever there are opportunities—through news-
letters, review meetings, training seminars, company picnics, and other means.
Leaders should use every channel possible to communicate the new visions and
strategies, teach new behavior by the example of the guiding coalition, and “walk
the talk,” as communication occurs in both words and deeds.

5. Empower others to act on the vision: Leaders need to do away with obstacles to
change, modify systems or structures that seriously undermine the vision, and
promote risk-taking and nontraditional ideas, activities, and actions. Examples of
obstacles to remove include structure (narrow job categories), compensation and
appraisal systems, and managers who refuse to change.

6. Plan for producing short-term wins: Leaders need to plan for visible performance
improvements, create these improvements, recognize and reward employees
involved in the improvements, and achieve at least some success within the first
one to two years. Otherwise, the renewal effort may lose momentum.

7. Consolidate improvements and procreate still more change: Leaders need to use
increased credibility to change systems, structures, and policies that do not fit the
vision; hire, promote, or develop employees who can implement the vision; and
reinvigorate the process with new projects, themes, and change agents.

Leaders should resist declaring victory too early to avoid killing the momentum.

8. Institutionalize new approaches: Leaders should articulate the connections between
new behaviors and corporate success, establish the means to ensure leadership
development and succession, and anchor the changes in company culture (values,
behaviors, and social norms) so that the changes continue into the next generation
of top management.
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The eight-step process just described is recommended for top-level engineering
leaders who are planning to initiate and implement major corporate transformational
changes. With minor modifications, this process applies also to midlevel engineer-
ing managers who may be called on to change the performance of a division or a
department.

4.9.2 Advice for Newly Promoted Leaders

If a new engineering manager is hired from outside to take over a department or division,
he or she might need to follow a special strategy during the transition period (e.g., the first
six months on the job) in order to be productive. This is because going into an unfamiliar
situation is akin to sailing in dense fog and only having forward visibility for a short dis-
tance (Bradt and Davis 2014).

New leaders often make a number of common mistakes. These mistakes include being
isolated, having “the answer,” not strengthening the team, attempting too much, trusting
the wrong people, and setting unrealistic expectations (Belker et al. 2012). In order for an
engineering manager to become effective in a new organization, Watkins (2003) offers spe-
cific advice consisting of seven rules, namely, leverage time before entry, organize to learn,
secure early wins, lay a foundation for major improvements, create a personal vision, build
winning coalitions, and manage oneself.

For newly promoted engineering managers, the leadership strategy just outlined serves
as a useful guiding light during the initial six-month period of sailing through dense fog.
Although the aforementioned recommended steps cover all important aspects of a new
leadership job—technical, cultural, political, and personal—individual engineering man-
agers may need to further customize these steps to fit their personal style, organizational
needs, and the people involved in a given situation.

4.9.3 Guidelines for Superior Leadership

To become superior leaders, engineering managers are advised to focus on the following
eight attributes, according to Cohen (2002):

1. Maintain absolute integrity: Any doubt about the leader’s integrity will be reflected
in the trust that others place in the leader.

2. Be knowledgeable: The leader should be technically excellent at what it takes to get
the job done.

3. Declare expectations: The leader should let people know which work to perform and
what results are expected.

4. Display unwavering commitment: The leader must demonstrate his or her clear
commitment.

5. Get out in front: The leader needs to build, establish, and maintain a strong posi-
tive image. The leader should get out of the office to see what is going on (e.g., at
the plant floor, marketplace, customer service center, and technology laboratories).
The leader should also get out in front of the group to be seen, so that others know
their manager is committed.

General MacArthur gave this advice to a young battalion commander during
World War II: “Major, when the signal comes to go over the top, if you go first,
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before your men, your battalion will follow you. Moreover, they will never doubt
your leadership or courage in the future.”

6. Expect positive results: Show self-confidence and work to get favorable results.

7. Take care of people: This is the basic reciprocity doctrine of Confucius: “If you take
care of people, people will take care of you.” Starbucks is said to practice this
doctrine by taking care of their employees first (e.g., financially supporting their
college education), then customers, and finally shareholders.

8. Put duty before self-interests: The mission and the employees must be more impor-
tant than one’s own self-interests.

The preceding list of attributes neglects to include the all-important quality of strategic
thinking and the leader’s capability to create vision. Without vision, a person with the
aforementioned attributes is merely a hardworking taskmaster who is responsible, goal
oriented, and socially assertive.

4.10 Conclusion

Leading is another key function of engineering management. It encompasses the specific
managerial activities of making decisions and selecting, developing, motivating, and com-
municating with people. Carrying out these specific activities well will make an engineer
into a strong engineering manager.

Decision-making plays an important role in the career of an engineering manager. In the
engineering community, the rational decision-making method is regarded as a standard.
Engineering managers need to become familiar with a number of other decision support
tools so that the right tool can be fittingly applied to specific circumstances.

This chapter offered guidelines for engineering managers to become better prepared for
the special cases of (1) introducing major corporate changes, (2) working as a new leader in
an engineering management environment, and (3) achieving superior leadership.

Engineering managers are encouraged to practice various guidelines associated with
leadership whenever they find opportunities to do so.

QUESTIONS

1. Preparation of the company product that was promised to a major customer is
running late, and there is intense pressure on the production team to deliver the
product. The director of production is eventually told by the company president to
deliver, “or else.” The director therefore decides to ship the product, even though
it had not gone through all of its testing procedures. Members of the production
team become upset due to their uncertainty about the functionality and reliability
of the shipped product. The director, however, insists that “We will just have to
take that chance.”

As the director of production, how would you have acted differently?

2. As advised by the company president, the sales department received a set of spe-
cific recommendations provided by an outside management firm to reorganize for
maximum effectiveness. The sales manager believes that a few of the sales staff
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may disagree with the recommended changes. The sales manager herself is also
not fully convinced of the merits of all of the recommendations, but she wants to
implement them, at least in part.

How should she proceed?

3. The engineering director of the company is called on to send one engineer abroad
to assist in the installation of equipment. There are three qualified candidates,
each working for a different manager under the director. The director knows that
all three engineers will want to go, but their superiors will oppose any of them
going for fear of losing time in completing their own critical projects. How should
the director make the choice?

4. The marketing department needed to submit a proposal to a global customer, and
it called a review meeting the next morning. By the time Bill Taylor, the design
manager, was informed in the late afternoon, all of his design staff had left for
the day and there was no one available. Bill Taylor decided to work on the pro-
posal himself through the night so that he could talk with his design staff the next
morning, one hour before the marketing review meeting.

All of the staff agreed with the proposed design except Henry King, a senior
staff member who is recognized as the most experienced and best designer in
the group. His objections were that the current design was too complex and
that it would take another week to modify the design to ensure its functional
performance.

In order to pacify him, Bill Taylor invited Henry King to come along to the mar-
keting review meeting so that Henry King would feel the pressure that market-
ing was exerting on design. Unexpectedly, Henry King stood up at the marketing
review meeting and reiterated all of his design objections, causing tremendous
embarrassment to Bill Taylor and his superior, Stanley Clark, the design director.
Bill Taylor became furious.

What should Bill Taylor and Stanley Clark do?

5. Jerry Lucas is the division director. As branch chief, Bob Sanford reports to Jerry
Lucas. Bob Sanford has four section chiefs reporting to him.

Bob Sanford is technically competent, with extensive experience in solid rocket
propulsion; he is also regarded as the best expert in this field. He is highly dedi-
cated to his work, but inexperienced in managing technical people, as he has been
on the job for only two years. Bob Sanford handles his subordinates quite roughly.
He reverses his section chiefs’ decisions without prior consultation with them. He
demands that no information or data be transmitted to persons outside the group
without his knowledge and concurrence. He also bypasses his section chiefs to go
to people and encourages them to come to him directly with problems. Rumors
have it that he places spies or informants within the group. As expected, he del-
egates no decision-making authority to his section chiefs and regards all of his
section chiefs as technically incompetent. He creates an atmosphere of fear and
suspicion, with low group morale.

Bob Sanford does not report to Jerry Lucas candidly on project progress and
on difficulties he encounters. He does not understand his own responsibility of
building teamwork, enhancing group morale, and creating employee satisfaction
while achieving the goals of his group. He is lacking the skills and willingness to
resolve conflicts within the group.
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Finally, the section chiefs as a group go in to see Jerry Lucas and complain
about the lack of authority and the oppressive atmosphere in the section.

What should Jerry Lucas do? I should note that this problem was condensed
and adopted from Shannon (1980).

6. The board of directors receives a proposal from a business partner to jointly set
up an assembly plant in a Third World country. This new plant will assemble
final products with key components made by the company. Financial terms are
attractive and the future marketing outlook is bright. There is just one problem.
The Third World country is not a democracy, has a poor human rights record,
neglects to protect its own environment, and does not safeguard workers’ rights.
An investment placed by the company would boost this country’s economy and
thus the political position of its current dictator. Should the company accept the
proposal? Explain why.

7. What are some important characteristics of effective leaders? Which of these char-
acteristics are more difficult for engineers to acquire?

8. The plant manager noticed a need to lessen the amount of waste materials, which
occur in the production process. A task force was set up, composed of the plant
manager and two of her supervisors, to examine the problem. They met for three
months and regularly published the task force objectives and findings on the plant
bulletin board.

The plant manager found, to her surprise, that the workers on the shop floor
exhibited limited interest in the task force and ignored the bulletin board entirely.
At the end of the three-month period, the task force came up with several excel-
lent recommendations, which required changes in work practices. Most of the
workers implemented the recommended changes very reluctantly, and some even
secretly worked to sabotage the new practices. Eventually, all recommendations
were withdrawn.

What went wrong? How should the plant manager have handled this case?

9. The project was running late and the section manager thought that it was time for
a pep talk with his staff. He realized that he was considered to be somewhat auto-
cratic by his staff, but this time he thought that he would impress on them that he
was really one of the members of the team and that they would work together as
one in order to succeed.

The section manager thought he made quite a good speech. He pointed out that
the project was running late and that, if they failed, the customer could cancel the
contract. He explained further that, as manager, he was responsible for the success
of the project, and so everyone would be equally to blame for the failure of the
project.

Unexpectedly, a group of staff came in to see him a few days later to clarify
whether they were all under threat of unemployment, should it turn out in the
future that they were indeed late and the contract was canceled by the customer.

What went wrong? What would you have done differently?

10. A regional sales manager suspected that one of her customers was having financial
troubles. However, she was reluctant to mention it to her superior because she felt
that she could be wrong. She kept quiet for several months, continuing to take large
orders from this customer and hoping that the customer could recover from their
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troubles. Eventually, the customer went bankrupt and defaulted on the payment of
several large bills. What went wrong? What would you have done differently?

11. Company X selects someone who is weak technically, but very strong in group-
process skills, to lead a team in developing a new engineering product. Would
such a person be successful as a team leader? What can be done to ensure that the
engineering product developed by the team will be satisfactory from the technical
standpoint?

12. Conflicts between technologists and managers may arise when the technical pro-
fessionals with the skills to make a decision have to deal with a manager, who has
the right to decide. Why do such conflicts often exist in organizations wherein
everyone works toward the same common goal?

13. Company X makes the decision to substitute aluminum for steel in a component
of its product. What factors probably have contributed to this decision? At what
managerial level would this decision most likely have been made?

14. As the department head, you urgently need to find an experienced person to fill a
vacancy. The work involves close cooperation and coordination with others inside
and outside of the department. Candidate A has exactly the experience required,
but appears to be very unsociable. Candidate B has experience in a related job and
seems to have a pleasant personality, though is not an extrovert. Candidate C has
business experience in a different industry and is extremely sociable. All three
candidates have scored sufficiently high on intelligence tests to qualify for the job
in terms of general ability. Which candidate would you choose, and why?

15. Joe Engineer has just graduated from the University at Buffalo. He earned a 3.8 GPA
for his master of engineering degree. Before he finished all academic work, he sent
out numerous job applications and received three specific job offers, A, B, and C.
All of them require him to make a decision for acceptance or rejection within one
week.

Company A has an annual sales revenue of $5 billion dollars and is located in
New York City. The job of “engineer” pays $95,000 a year, plus full benefits (e.g.,
401(k), health insurance, four weeks vacations per year, education assistance,
and relocation assistance). The city living is, of course, exciting and fun, but very
expensive. The company has a structured training program for new employees
to become familiar with its operations. His future boss is friendly and acts pro-
fessionally. Joe believes that he can get along well with him. The work is in line
with his basic technical training. As it is typically the case with big companies,
other employees in the department are all quite smart and the internal competi-
tion among coworkers is relatively strong. He envisions that he may be able to get
a promotion to the next level in five years’ time. New York City is huge and there
are at least five competitors to Company A offering similar products/services in
the city. Another potential benefit of working in New York City is that Joe may be
able to meet a lot of interesting young people and find a future spouse.

Company B is a $500 million midsize company located in Rochester, New York.
The job of “engineer” pays $80,000 a year plus full benefits, which are similar to
that of Company A. Rochester is a midsize city with some cultural and entertain-
ment activities. Its cost of living is reasonable. Rochester is close to the Finger
Lakes region, a well-known recreational area. The next large city is Toronto, which
is about two hours away by car. The future boss is quite enthusiastic about Joe’s
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employment at the company and is eager to welcome him. The work is of a techni-
cal nature, but offers some managerial development opportunities that Joe likes.
Joe believes that he could be promoted in the next three years and allowed to
assume a higher level of responsibilities thereafter. The city has only a few large
companies, such as Xerox and Kodak, but no company that competes directly
against Company B. Joe thinks that it may be a bit more difficult, if not absolutely
impossible, to meet a lot of interesting young people in Rochester.

Company Cis a $50 million small company located in Buffalo, New York, where Joe
did some summer work during his school years. The job of “engineer” pays $70,000
a year and offers some benefits. The benefits are not as good as in either Company
A or B. Buffalo is slightly larger than Rochester, but is still way behind New York
City in terms of culture and entertainment activities. Like Rochester, Buffalo suffers
from a declining industrial base. There have been no new companies relocating into
the Buffalo or the Rochester areas in recent years. Company C has no competitors
operating in Buffalo or nearby regions. Joe knows his future boss because of his
earlier summer work at the site. The work is quite exciting, as the future boss views
Joe as one of the bright new stars and shows a significant willingness to personally
train Joe for higher-level roles and responsibilities. Being in a small company, Joe
understands that he needs to face up to the challenges of getting involved quickly
in many disciplines beyond the principal one that forms the basis of his master’s
degree. Because Buffalo is also a regional city, Joe believes that it could be hard for
him to meet a lot of interesting young people and subsequently find a mate.

Which job would you elect to accept? Explain the detailed decision-making
methodologies and reasons that you used to arrive at your decision.

16. Preparation of the company product that was promised to a major customer is
running late, and there is intense pressure on the production team to deliver the
product. The director of production is eventually told by the company president to
deliver, “or else.” The director therefore decides to ship the product, even though it
had not gone through all of its testing procedures. Members on the production team
become upset due to their uncertainty about the functionality and reliability of the
shipped product. The director, however, insists that “We will just have to take that
chance.” As the director of production, how would you have acted differently?

Appendices
Appendix 4.A: Factors Affecting One’s Influence on Others

This section discusses the various factors known to affect a person’s influence on people. It
is advisable that the engineering manager pay attention to them (Cialdini 2006).

1. Credibility
A person’s credibility is based on the following six attributes:
a. Composure (ways to handle oneself)

A degree of poise, stability, and patience; skills to handle a crisis situation effec-
tively; humor under stress; self-confidence; and ability for public speaking are



114 Engineering Management

important attributes. Composure is the most important factor affecting cred-
ibility in the short term.

b. Character

Integrity and honesty (not lying, not cheating, attempting to do things above
board, and maintaining high-moral standards); cooperative spirit, and pro-
fessional behavior—return all phones calls and respond to all mail; keep
promises, have an open and forthright attitude, and be fair in all situations.
Character is the most important factor affecting credibility in the long run
(integrity and honesty in professional versus private matters).

c. Competence

Technical (job-specific skills, experience, and training), managerial (planning,
organizing, leading, and controlling), and visionary (capability to envision the
future with strategic thinking). Table 4.A1 displays the competence factors that
exert an influence on superiors.

d. Courage

Commitment to principles; the willingness to stand up for beliefs, challenge
others, and admit mistakes; and the ability to make tough decisions under
uncertain conditions and accept responsibility for the consequences.

e. Conviction (beliefs)

Commit to the vision, demonstrate passion, and show confidence in the direc-
tion being pursued.

f.  Care for people

Know people (family, aspirations, current and future needs, favored learning
modes, upward mobility, etc.), treat people with respect and dignity (listening
to understand), comment only on issues and situations and not on the person,
and be a team player.

2. Personal power (independent of position power)
Personal power is affected by the following three factors:
a. Personal attributes
Physical appearance and size, drive, dedication, and personal values.
b. Knowledge

Common sense, historical perspective, political knowledge needed by oth-
ers (how to get things done through which doors, by what means, and with
whom—otherwise known as tricks of the trade).

c. Relationships
Business connections and power by association.

TABLE 4.A1

Competence Factors on Influence Exerted Upwards

First-Line Supervisor (%) Mid-Manager (%) Executive (%)

Technical 70 30 5
Managerial 25 40 25
Visionary 5 30 70
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3. Variable leadership style

Leadership style needs to be varied in accordance with the circumstances involved.
In general, there are four situations that each requires a different style of leader-
ship. (See discussion in Section 4.2.)

The influence exerted on people by an engineering manager is affected by his
or her credibility, personal power and leadership style. Engineering managers
need to do the right thing at the right time and place, to the right people, for the
right people, or with the right people.

Appendix 4.B: Motivation of Mission-Critical People

In the competitive world today, all companies struggle to attract and retain innovative
knowledge workers who are critical to the mission of their operations. To be successful,
companies in general, and engineering managers in particular, need to tailor specific moti-
vation strategies to the needs of individuals. In general, most knowledge workers have the
following types of needs:

1. Need for power (40%): Setting goals and offering positive recognition to allow one
to stand out and be unique

2. Need for affiliation (40%): Focusing on mission, vision, and the difference the indi-
vidual can make in teams

3. Need for self-achievement (20%): Offering task variety, learning, development, and
growth opportunities

Nortel Networks and Cisco Systems Inc. experienced high turnover (about 40%) in their
information technology sector. Surveys indicate that people with mission-critical jobs left
because of three specific deficiencies:

1. The work itself: Meaningfulness, relevancy, learning opportunity, enjoyability, vari-
ability, etc.

2. Appreciation: Thanks, recognition; they were never told that their jobs were mis-
sion critical.

3. Money: Many left for more money:.

The preceding list of needs and the types of deficiencies causing knowledge work-
ers to want to leave are consistent with the Maslow need hierarchy model discussed in
Section 4.6.3. It is obvious that unsatisfied needs will strip employees of motivation if
they stay unsatisfied for long. Under such circumstances, knowledge workers are likely to
migrate to places where they can satisfy these unmet needs.
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Controlling

5.1 Introduction

The function of controlling in engineering management refers to activities carried out by
an engineering manager to assess and regulate work in progress, evaluate results for the
purpose of securing and maintaining maximum productivity, and reduce and prevent
unacceptable performance (Reichmann 2011). Although the bulk of the controlling activi-
ties appear to be of an administrative and operational nature, controlling has strategic
importance. To efficiently implement any assignment project, program, or plan, manage-
rial control is crucial. Any forward-looking strategic plan becomes of questionable value if
its implementation is poor. Furthermore, without adequate control, managerial delegation
is ineffective, rendering the managerial leadership less effective. The function of control-
ling also contributes to corporate renewal by pruning the dead wood, if needed.

Skills to recruit the best employees and keep them motivated and productive are criti-
cally important to managers. There are eight recommended ways to develop a productive
workforce, including (1) assessing performance, (2) coaching, (3) dismissing an employee,
(4) giving and receiving feedback, (5) hiring, (6) managing difficult interactions, (7) man-
aging workplace stress, and (8) retaining valued employees.

Engineering managers exercise control by carrying out the specific tasks of setting stan-
dards, measuring performance, evaluating performance, and controlling performance. In
addition, this chapter addresses the manager’s control of time, personnel, business rela-
tionships, projects, and company knowledge.

5.2 Setting Performance Standards

To set standards is to specify criteria by which work and results are to be measured and
evaluated. Setting performance standards defines the expected outcome explicitly. It is
important for both the company and its employees to distinguish between performance
grades of “outstanding,” “better than average,” “average,” “below average,” and “unac-
ceptable,” and to understand how performance is measured. Here, “average” is defined
as the generally expected performance level for the job at hand by persons with adequate
training and dedication (Cizek 2012).

Setting standards provides specific guidelines for exercising authority and making deci-
sions. Standards represent a yardstick for measuring the performance of employees and
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units (such as cost centers and profit centers). Proper standards facilitate employee self-
evaluation, self-control, and self-advancement.

Standards are typically established in the form of how many (number of units), how
good (quality, acceptance), how well (user acceptance), and how soon (timing), as imposed
by the company management, the customers, or the marketplace. It is worth noting that
current trends of setting standards emphasize the inclusion of customers’ perspectives.

There are standards of technical, historical, market, planning, safety, and equal employment
opportunity (EEO) types. Technical standards specify metrics related to quality, quantity,
mean time between failures (MTBF), maintenance requirements, and so on. Historical stan-
dards are based primarily on past records. Market standards are those related to competition,
sales, return on investment (ROI), earning expectation by securities analysts, and other factors.
Planning standards mostly relate to the strategic and operational needs of the company. They
address topics such as objectives, programs, schedules, budgets, and policies. Safety standards
refer to the metrics related to the safe operation of the company’s facilities. Government pro-
grams such as the U.S. Occupational Safety and Health Administration (OSHA) promulgate
some of these safety standards. EEO standards are specific practices related to affirmative
action for the purpose of achieving fairness among a diversified workforce.

Effective standards are characterized as being company sponsored, measurable, compa-
rable, reasonable, and indicative of the expected work performance on an objective basis in
order to promote employee growth, while considering workers” human factor inputs and
securing their understanding and acceptance.

Example 5.1

The engineering director asks her managers whether they have any nominations for
promotions from within their respective departments. The maximum number of pro-
motions allowed for the entire division is two. The nominations must be selective and
only for people whose performance has been outstanding. One manager thought his
whole team had been outstanding, so he recommended all 10 for promotion. He rea-
soned, “It is better for the morale of the team that they know that I support all of them
fully. If the director now promotes 1 of the 10 or none at all, then they will not feel so bad
knowing that at least I have thought them all worthy of being promoted.”
What should the director do?

Answer 5.1
The director should call the manager in and reprimand him for not following the instruc-
tions given, for being selective in nominating candidates for promotion, neglecting the
delegated responsibility of evaluating the performance of his staff fairly and objectively,
and wanting to pass on his own responsibility to his director so as to be the “good guy.”
She should order the manager to repeat the nomination process and come up with a
rank-ordered list of outstanding performers for possible promotion within two days. If
he refuses to do so, this will be registered as one incidence of disobedience. Repeated
offenses of this type can lead to immediate discharge.

There are quite a few barriers that prevent good standards from being readily devel-
oped. Standards may be too subjective, as technically strong engineers tend to set unreal-
istically high standards for themselves and others. If standards are set too high, workers
may become demoralized and fearful of not measuring up. On the other hand, if stan-
dards are set too low—not challenging enough for the workers—management will lose
the respect of employees. Standards may be confusing and may not clearly indicate the cri-
teria for excellence. Standards may be qualitative and vague and thus subject to divergent
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interpretations by different people. Standards may also be set without proper consider-
ation of the constraints related to resources and implementation.

A useful way for companies to set proper standards is the practice of benchmarking,
discussed in the next section.

5.3 Benchmarking

Benchmarking is a method of defining performance standards in relation to a set of inter-
nal and external references (Bogan and English 2014; Bogetoft 2013). There are two types
of benchmarking;:

1. Internal benchmarking uses references internal to a company to set performance
standards, as illustrated by the following example. Company X has achieved
a productivity of $150,000 per employee in 2014 and is determined to continue
improving performance on a yearly basis. The company president sets a new per-
formance standard for the year 2015 at $165,000 per employee, a performance level
of 10% higher than the previous year.

Internal benchmarking is convenient to apply, as it offers a reasonable, short-
term performance assessment. However, it may create a false sense of corporate
well-being, as the resulting performance standards, in the absence of an external
reference, may be deficient in the long run. That is, for Company X, the 10% pro-
ductivity increment may be inadequate, or even outright dangerous to the long-
term health of the company, if the industrial average productivity gain has been
12% per year in the past, and some competitors of Company X are aiming at 15%
for the coming year.

2. External benchmarking uses references external to the company to set performance
standards. The following examples illustrate its applications:

a. Financial ratios: Assuming that the gross margins of many service-oriented
public companies are in the range of 35%-40% for the last several years, as
published regularly by Wall Street securities firms, then setting the gross
margin target for a specific company at the 40% level for the immediate future
year is a performance standard defined by external benchmarking. Setting
the gross margin at 40%, if subsequently met, will ensure that the company
will be among the best performers in its industry (Rist and Pizzia 2014).

b. Performance metrics: Many metrics are published in business literature to eval-
uate performance related to production, product delivery, quality control, time
to market, customer service, reliability, customer problem solving, and others.
Using these known metrics as references to set performance standards makes
explicit the relative competitive position of a company (Okes 2013).

c. Best practices: Another set of important external benchmarks is called best prac-
tices. Table 5.1 lists a number of subject domains for which best practices have
been published in business and industry.

These are work processes or procedures perfected and upgraded by various
companies over the years to address specific problems and issues in engineer-
ing, production, marketing, strategic management, business development,
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TABLE 5.1

Sample Publications on Best Practices

No. Best Practice Subjects Publications
1 Project management Kerzner (2010); Biafore (2012)
2 Organizational development Carter et al. (2001)

3 Time management Hoover (2009)

4 Manufacturing Hull (2010)

5 Back office operations Khalid (2010)

6 Teamwork Salas et al. (2013)

7 Human resources management Gottlin (2015)

8 Quantitative methods Osborne (2007)

9 Planning and performance management  Axson (2010)

10 Achieving goals Schienle (2007)

11 Communications Kranz (2007)

12 People management Silverstein (2007a)

13 Motivating employees Silverstein (2007b)

14 Performance evaluation Silverstein (2007¢)

and other areas of corporate governance. These are extremely valuable “tried-
and-true” methods to achieve useful results and add value to the companies.
Those companies that are too undisciplined to consistently apply best prac-
tices in carrying out their corporate activities will soon discover that they have
become less and less competitive over time.

d. Critical success factors: Serving well as external benchmarks are critical success
factors, the necessary and sufficient conditions for achieving success in spe-
cific business management, engineering, production, and marketing domains.
These factors are derived from the successes and failures experienced by
companies in various industries. Having a clear understanding of these fac-
tors allows the company management to make strategic choices regarding
pursuing business in new directions, initiating new products/services to
gain advantages, and capturing opportunities in new markets by optimally
applying corporate strengths while minimizing any exposure of weaknesses
(Mihaescu 2013).

e. Target pricing: In recent years, some companies have successfully applied
the technique of target pricing, another external benchmarking method, to
achieve success in the marketplace (Nizam 2014). First, the company conducts
a survey to determine the current prices of products that are in direct compe-
tition with the new products that the company is planning to develop. Using
these prices as references, the company sets a target selling price (such as 20%
below the prices of the competitive products) for its new product. Then, the
company deducts the required gross margin for the company to sustain itself
while meeting the shareholders” expectations. The resulting figure is the cost
of goods sold target (the cost target) for the company’s new yet-to-be-developed
product. The cost target is then imposed on the company’s production and
engineering departments as a performance standard for developing the new
product. Funds are available for developing the new product only if the cost
target can be met. This is tantamount to an innovation under duress model of
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management control. The resulting new product is then more or less ensured
a cost-competitive edge in the marketplace.

Traditionally, bringing a new product to the marketplace follows a sequen-
tial process. First, the product is designed by engineers on the basis of inputs
from marketing. Then, it is redesigned by service engineers for serviceabil-
ity to customers. Afterward, it is redesigned again by production engineers
for manufacturability. Finally, it is mass produced, and its final product cost
is then accurately estimated. The company management adds the gross mar-
gin to set the product price. At each step, engineers tend to introduce contin-
gencies, or “cushions,” to ensure that the work is done properly within their
respective units. However, often this sequential process leads to products that
are not cost-competitive in the marketplace.

In fact, the basic concept of target pricing can be applied to many other
corporate activities for the purpose of ensuring that the company remains
competitive. This is particularly pertinent to the current business environment,
which is changing rapidly due to new technologies and becoming increasingly
globalized.

f. Balanced scorecard: Many companies are known to have monitored corporate
performance by using, primarily, financial metrics on activities related to the
past (see Section 7.6). Progressive companies have started to devise a balanced
set of performance metrics to properly monitor additional company activities
that also have a profound impact on its future success (Niven 2014).

Balanced scorecards are attempts to accomplish this objective. Examples of such
forward-looking performance metrics include the establishment of the percent-
age of company business generated by products introduced in the last five years;
the percentage or amount of corporate funds spent on projects initiated in the
last five years; the number of patent disclosures, patent applications, and patent
awards in a given year; the number of new supply chain partners engaged in the
last five years; the percentage of sales realized from new customers acquired dur-
ing the past year; and the fraction of product cost arising from new technologies
adopted in the last five years. It is self-evident that setting adequate, forward-
looking standards based on both present and future performance measures helps
guide the company to success over the long run.

5.3.1 Sample Benchmarking Metrics

Many sets of performance metrics are available from business literature. Table 5.2 contains
selected samples of metrics used in various business domains (Ray et al. 2015).

5.3.2 Limitations of Benchmarking

Benchmarking is useful, but it has certain limitations. For example, some reference data
may not be available, and in such cases, estimates must be made. This may cause the value
of such benchmarks to be less robust. Benchmarking metrics are mostly based on past
performance, and they can hardly predict the future. Nor can they be used to predict
new competition. However, even with these limitations, past-oriented benchmarks are still
valuable to some extent; as Confucius says, “Studying the past may lead to a better under-
standing of the future.”
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TABLE 5.2

Sample Performance Metrics

Domains Metrics

Financial ROI (return on investment)
ROA (return on assets)
ROS (return on sales)
Debt-to-equity ratio
Number of inventory turns each year
Number of units produced per employee
Number of units produced per hour
Sales per employees
Profit per unit of production
Break-even volume
Nonfinancial Average number of defects detected by customers in the first month of ownership
Average number of defects detected during manufacturing and repair
Hours lost to production due to unscheduled maintenance
Work in progress in the plant
Number of machines per worker
Length of time to change a machine or introduce a new operation
Number of job classifications in the plant
Amount of materials made obsolete by model changes
Average energy consumption per unit of production
Rate of absenteeism in the workforce
Number of months required to introduce a new product model
Number of engineering change requests during a new product development program
Number of units produced prior to a model change (batch production)
Time metrics (response time, lead time, uptime, downtime, etc.)
Product related  Parts count
Number of material types used
Material use in each component
Assembly process used in production
Service quality: field repair versus field replacement
Failure-mode effect analysis
Quality of product as experienced by customers
Long-term durability of product
Fraction of sales to repeat customers
Company responsiveness to service requests

Example 5.2

Product quality has many dimensions. Which dimensions of product quality have the
most impact on the product’s success in the marketplace?

Answer 5.2

According to Kenyon and Sen (2014), product quality has eight dimensions:

1. Performance (operational characteristics)
2. Features
3. Reliability
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4. Conformance to design specification

5. Durability

6. Serviceability

7. Aesthetics (look and feel)

8. Perceived quality (affected by brand name and company reputation)

Which of these quality dimensions affect the product’s success in the marketplace will
depend on the type of products involved:

A. Automobiles—(7), (8), (1), (6)

B. Consumer products—(8), (1), (6), (3)
C. Industrial gases—(1), (3), (6), (5)

D. Office supplies—(1), (8), (7)

E. Home appliances—(3), (6), (1), (5)

I
5.4 Measuring Performance

After the performance standards are set, the next step of management control is to mea-
sure performance. Performance measurement refers to the recording and reporting of
work done and the outcome attained. Managers take the following steps to measure per-
formance: collect, store, analyze, and report information systematically; compare the per-
formance with established standards; and issue reports such as data summary, collection
of results, and forecasts to document findings.

Performance measurement may be carried out by time study, work sampling, and per-
formance rating, among others (Falcone 2013; Aquinis 2012) for routine work, such as that
on factory floors. The performance of professional workers needs to be measured with
respect to the contributions made toward the attainment of the company’s short- and long-
term objectives. All measurements must be factual and accurate in order for them to serve
as a valid basis for performance evaluation.

5.5 Evaluating Performance

To evaluate performance is to appraise work in progress, assess the completed job, and
provide feedback. The following steps are usually taken to evaluate employee perfor-
mance: establish limits of tolerance, note variations (deviation within the tolerance limits)
and exceptions (deviation outside of the tolerance limits), provide recognition for good
performance, and give timely, proper credit, if justifiable. Voltaire said, “Appreciation is a
wonderful thing. It makes what is excellent in others belong to us as well.” Paying atten-
tion to deviations encourages employee self-appraisal, fosters initiative, and enhances
managerial efficiency.

A rating method often used in industry is to rank an employee in one of five catego-
ries: (1) outstanding, (2) above average, (3) average, (4) poor, and (5) failure. Category rank-
ing is based on performance metrics that are specific to the individual. More often than
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not, in order to indicate the importance of these performance metrics to the company, top
management will assign and publicize the weight factors associated with all performance
metrics. A weighted score, similar to that calculated by the Rational Decision Method dis-
cussed in Section 4.4.2, is then determined for each employee. The weighted score and a
written statement are then submitted by the manager to his or her superiors at the next
higher management level for review. Once the approval of higher management is secured,
these evaluation results become the official basis for salary administration and promo-
tional considerations in the future.

It is quite obvious that this type of rating system has basic weaknesses. Some man-
agers may suffer from a “halo effect” and assign an employee the same rating for all
performance metrics. Others may be handicapped by a “recent effect” in that they are
predominately influenced by recent events. By nature, some managers are more lenient
than others, resulting in different interpretations of the grade “outstanding performance.”
Furthermore, the competitive nature of getting one’s own employees promoted sooner
tends to cause inflated ratings. To exert some control over this potentially chaotic situation,
a few industrial companies are known to have advised department managers to steer the
overall evaluation results toward a Gaussian-type distribution, which places the majority
of employees in the “average” group and only about 5% and 15%, respectively, in the excel-
lent and above-average groups (Gray 2015).

At the annual appraisal time, the individual employees will be notified of the approved
evaluation results. In general, feedback from the individual employees is customarily
solicited and documented. If the individual employee disagrees with some or all parts of
the evaluation, his or her written comments are incorporated into the official evaluation
files, which will be reviewed again by superiors at the next higher management level. If
deemed proper, the approved evaluation results may be modified. The needs for the indi-
vidual’s future development are also discussed and noted. Specific goals of development
are then agreed on as a gauge for monitoring the individual employees” progress at the
next annual appraisal time.

The “average” level of performance is defined as the level of performance that can be
generally expected of a person with adequate training and dedication in a given posi-
tion. To be rated as excellent or above average, one must perform extraordinarily well and
produce an unexpected positive outcome, which has a recognizable impact on the com-
pany’s objectives. Poor performance is usually associated with work that is not meeting
the acceptable quality standards, exceeding the approved budget, not completing the work
on time, and/or suffering from problems related to communication, personality conflicts,
devotion to work, interpersonal skills, or other deficiencies.

Should the performance of an employee be rated as poor or failure, his or her manager
must initiate action to correct such performance in a timely manner.

5.6 Correcting Performance

To correct performance is to rectify and improve the work done and the results obtained.
The performance evaluation may show that the quality of the employee’s work is below
expectation. Reasons for performance deficiencies may include a lack of known perfor-
mance standards or feedback, not possessing the required technical capabilities to perform
the tasks at hand, or not having a good work ethic and personal initiative (Fournies 1999).
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Employees” mistakes should be corrected by focusing on future progress and growth.
Employers should take short-term action to overcome deficiencies, such as getting assistance
from outside consultants or hiring temporary workers. To avoid repeating the noted devia-
tions, long-term-oriented actions may be considered, such as improving training, modify-
ing work procedures and policies, transferring employees, or recommending dismissals.

When correcting performance, a manager should offer negative feedback without attack-
ing the employee’s self-esteem. Feedback must be focused on results and outcome—not
the person—and directed toward the future, without upsetting employees or harboring
punitive motives. Managers should demonstrate a helpful and sincere attitude and pose
no threat to their workers (Harvard Business Review 2014).

Generally speaking, it is not good for employees to make mistakes in the fundamentals
of engineering. It is acceptable to fail in new and risky development projects, but making
the same mistakes again and again is viewed negatively by all management.

5.7 Means of Control

There are a number of tools available for managers to exercise control, such as performing
personal inspections, reviewing current progress, and defining any deviation from plans.
This is the strategy of control by way of focusing on exceptions. Managers may also set
priorities with respect to job assignment, resource deployment, and technology applica-
tion. This is exercising control by managing resources (Storey 2014).

5.8 General Comments

Managers must constantly define which tasks should be performed and have employees
perform these tasks correctly. The principle of the critical few (the Pareto principle) states
that, as a rule, 20% of factors may affect 80% of outcome (see Figure 5.1). The key is, of
course, for managers to properly define these critical few, allocate resources to pursue
them, and achieve the desirable outcome.
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FIGURE 5.1
Pareto principle.
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Control should be focused on where action takes place. In general, self-control imposed
by the workers involved is the most effective type. However, by and large, people also
resent control, and extensive control may lead to loss of motivation. Therefore, manag-
ers must manage both positive and negative exceptions. With information available and
mechanisms in place, the preferred type of control is flexible and coordinated.

5.9 Control of Management Time

Time is a valuable and limited resource for everyone, including managers. Management
tasks have several common characteristics: important tasks often arrive at unpredictable
times, trivial tasks often take up a disproportionately large amount of time, and interrup-
tions are common to a manager’s schedule.

Some managers may waste a lot of time if the roles and responsibilities of their employ-
ees are not clearly defined. Often, a lack of self-discipline—procrastination, confused pri-
orities, lack of personal drive, or lack of planning—wastes time. Other managers suffer
from a lack of effective delegation; for example, there may be a delegation of responsibili-
ties without the commensurate authority, or the application of too little or too much con-
trol. Still other managers waste time because of poor communication related to policies,
procedures, meetings, and other subjects (Cockerell 2015). The following techniques may
help managers avoid wasting time:

1. Set goals for the day, the week, the month, and the year.

2. Prioritize tasks to be done, beginning with the most important tasks (A tasks),
then doing the less important ones (B tasks), and leaving the least important ones
(C tasks) untouched if time is insufficient. Make sure that the tasks are relevant
and add value. Reserve blocks of time to pursue A tasks.

3. Plan each task beforehand and group some of them together.

4. Minimize interruptions by keeping the office door closed for a specific time period
and asking the secretary to hold all phone calls.

5. Make use of waiting time at the airport, on the train, in the doctor’s office, and
SO on.

6. Keep reports and memoranda short and to the point. Some managers in industry
have the habit of browsing over only the first page of any report and stopping if
the information is uninteresting, of secondary importance, or irrelevant to their
current needs.

Enumerated in Table 5.3 are some time-saving tips that are adopted from several pub-
lished sources (Glei 2013; Reese 2014; Smith 2014; Goldman 2014). Engineering managers
may find them useful.

Example 5.3

The customer service manager is a busy person. He rushes from one problem to another
without actually taking time to complete any job or solve any problem properly.

What control problem does the customer service manager have? What can he do to
enhance his job effectiveness?
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Answer 5.3

The customer service manager has a time-control problem. He reacts to problems and
does not discharge his job responsibilities effectively. He can do several things to rectify

the situation:

TABLE 5.3

. Organize the customer service department into groups (e.g., repairs, parts

supply, warranty, problem solving by phone) and know the capabilities of his
support staff for these groups of services.

. Set up the call center operation to automatically channel customer calls to the

respective service groups.

. Delegate the responsibilities of providing customer services to the leaders of

these groups, requiring them to follow through on each and every one of the
customer problems and keeping good records of all services rendered.

. Refer specific problems (e.g., nasty customers) that the group leaders cannot

resolve for the customer service manager to handle personally.

. Assign the analysis of service records to someone who can apply statistics

and define trends suggested by these data (e.g., parts with highest failure rate,
nature of frequent complaints, average time spent on problem solving, number
of calls from customers unhappy with company’s services).

. Establish a system to solicit customer feedback on service and suggestions for

improvement.

Set up metrics to measure service quality (e.g., number of complaints per week,
average service time spent per customer, cost per service call), making use of
best practices available in the industry.

. Monitor progress and seek ways to constantly improve the service operation.

Time-Saving Tips for Managers
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1. Set goals

2. Use a master “to-do” list
3. Get the big picture

4. Cluster common tasks

5. Create systems

6. Establish place habit
7. Delineate time blocks

8. Design your environment
9. Cut meeting time
10. Lessen panic

11. Take the one-minute test

Write specific, measurable outcomes that you want to achieve in the next
week, month, year, and five years. Consider your work, relationships, play,
and well-being. Progress from goals to plan to work.

Categorize all “to-do” ideas according to which goal each serves. Estimate all
others.

Plan your priorities so that you work foremost on whatever gives the biggest
payoff and potential.

Do similar tasks in the same time block (e.g., a batch of letters, several phone
calls).

Keep tools, forms, checklists, and information handy and organized for
repetitive tasks.

Keep everything in its predetermined place.

Schedule blocks of uninterruptible time (two to four hours) to work on
projects requiring concentration. Assure colleagues of availability otherwise.

Make your setting conducive to concentration (e.g., sit with your back to
traffic passing your office and screen calls).

Use proven meeting time savers (e.g., go to others’ offices for meetings, do
stand-up meetings, set an agenda and follow through rigorously).

Handle what worries you the most. Ask yourself, “Will this matter seem
urgent 10 years from now?”

Periodically take a minute to ponder, “Am I doing this in the best way to meet
my goals, serve others, and take care of myself?”

Source: Condensed and adopted from Cottringer (2003), Casavant (2003), and Anonymous (2003).
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5.10 Control of Personnel

Managerial control is exercised primarily for the purposes of maximizing company pro-
ductivity and minimizing potential damages arising from an ineffective use of company
resources, as well as problems related to ethics, laws, safety, and health issues. For highly
skilled personnel, such as science, technology, engineering, and math (STEM) profession-
als, less control is usually more effective and acceptable. Excess control induces undesir-
able reactions and produces adverse effects. This is best illustrated by the supervision
curve displayed in Figure 5.2.

To manage creative people, or those who are able to produce new and useful results,
managers need to set targets, monitor the employees periodically, apply a low level of
supervision, and maintain a collaborative and creativity-inducing work environment
(Mathis et al. 2013).

Example 5.4

Mary Stevenson, the shop manager, works well with all of her staff members. She relies
on Mike Denver, who has the longest tenure and most extensive experience in the
group, as the second in command for day-to-day operations. The shop is modernizing
its operation with the use of computers. Mary Stevenson and her boss, Craig Martin,
decide to bring in a young computer specialist, Janet Carter, from the outside.

To make sure that the shop modernization process moves forward, Mary Stevenson
spends a lot of time with Janet Carter. Mike Denver sees less and less of Mary Stevenson,
although Mary still depends on Mike for day-to-day operations. Mike resents being
shut out from the work done by Mary and Janet. Mike does not complain, but after
six months, he tenders his resignation and goes to work for a competitor. Mary Stevenson
is shattered. She deeply regrets this major loss to the shop.

What went wrong? What was not controlled? What would you do differently?

Answer 5.4

The key issue at hand is that Mike perceived a loss of trust and respect from Mary. Mike
also incorrectly perceived his own approaching obsolescence resulting from the shop’s
computer technology. Both of these misperceptions caused Mike to have serious doubts
about his future personal standing in the shop. Mary did not anticipate these percep-
tions and misunderstandings and did nothing to correct them in a timely manner.

Low skills

Productivity

High skills

v

Amount of supervision

FIGURE 5.2
Supervision curve.
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Mary Stevenson should have done the following:

1. Bring Mike Carter into the loop of hiring a computer specialist to broaden the
skill sets of the shop. Allow Mike to participate in the selection and interview
process.

2. Announce in a staff meeting that Mary needs to spend time to bring Janet
along initially and that Mike will actively assist in taking care of day-to-day
operations in the shop.

3. Get Mike involved in the work done by Janet, so that Mike, as the second in
command, is kept up to date with this new type of computer work planned for
the shop. Should Mike need to take over the management of the shop at some
future time, he would have been given time to familiarize himself with the
new computer-related operation. Grooming a candidate in the shop for pos-
sible succession in the future should have been Mary’s responsibility anyway.

4. Maintain a balance of management attention to both computer-related and
other tasks in the shop.

5.11 Control of Business Relationships

As industrial markets become increasingly global, business relationships (defined by
whom the company knows and how well) represent an increasingly important competi-
tive force in the marketplace (Hoffman et al. 2014).

It is highly advisable that managers acquire the habit of proactively forming, maintain-
ing, and controlling new business relationships for the benefit of their employers and
themselves.

Contacts may be established with noncompetitors. At proper occasions, such as pro-
fessional meetings, technical conferences, seminars, and industrial exhibitions, managers
should be accustomed to introduce themselves to others with a five-second “commercial”—
a brief self-description of their key areas of expertise. They should take note of others’
professional specialty areas and follow up with periodical exchanges to nurture the rela-
tionships. Over time, such a network of professional contacts may become a very powerful
business asset to managers and their employers (Menken 2011).

5.12 Control of Projects

Managers exercise control over projects when serving as project leaders (Kerzner 2014).
Tools for project control include program evaluation review technique (PERT), critical path
method (CPM) charts, or suitable computer or Internet-based project management software
(see Section 12.3.2). Project control focuses on several key issues, as indicated in Table 5.4.

To manage and control projects, STEM professionals need skills related to organizing
and planning, people management, problem solving, communication, change manage-
ment, and checking on technical and financial feasibility. They also need to have drive and
energy, broad technical knowledge, and an optimistic outlook, and to be goal-oriented and
customer focused.
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TABLE 5.4

Project Control Issues

1. Cost control Monitor the actual versus projected percentage of cost expenditures and take
proper actions to minimize deviations.

2. Schedule control Monitor the actual versus projected percentage of completion time and take
the proper actions to minimize deviations.

3. Critical path activities These are activities without time slacks, which must be managed with extra
care to avoid schedule delay.

4. Task deviation from plan  Delays arise from slow equipment delivery or installation; equipment
damage in transportation; construction delay due to labor action, weather,
utilities, and other causes; and changes of personnel.

5. Collaboration Securing collaboration among team members is a key success factor for any
project.
6. Technical and financial Make sure that the project can be technically implemented and that the
feasibility expected financial value justifies the expected cost of the project.
7. Conflict resolution Resolving instantly all conflicts and problems among team members will

ensure a smooth progress toward achieving the project goals.

5.13 Control of Quality

To achieve success in the marketplace, companies must focus on the quality of products/
services they offer. Thus, the planning and implementation of quality control programs
represents a major corporate undertaking for all progressive companies (Adams 2012).

In the automotive industries, product quality is a well-recognized competitive factor.
A recent study by J. D. Power Associates in 2014 indicates that Porsche, Jaguar, Lexus,
Hyundai, and Toyota are the top-five carmakers, with fewer problems per 100 vehicles
than the industrial average of 116 problems, ahead of Chevrolet, BMW, Lincoln, Chrysler,
Cadillac, and Ford. The metric of the industrial average number of problems per 100 vehi-
cles has been decreasing steadily for some years now.

Many years ago, Deming (2000) promoted the concept of product quality in the United
States but attracted few followers. He went to Japan and was enthusiastically welcomed
there. Since then, a number of quality control practices have been created by the Japanese,
such as quality circles, Kaizen, Kanban, just in time (JIT), Lean production, Taguchi,
Ishikawa, and the 55 campaign. Kanban means looking up to the board in order to
adjust to a constantly varying production schedule. The 55 campaign includes (1) seiri—
arrangement, (2) seiton—tidying up, (3) seisou—cleaning, (4) seiketsu—cleanliness, and
(5) shukan—customizing (Taylor 2013).

Kaizen means “change for the better.” It includes a number of quality practices, such
as customer orientation, total quality control, robotics, quality circles, suggestion system,
quality betterment, JIT, zero defects, small group activities, productivity furtherance,
and corporate labor-management relationships. Kaizen begins and ends with people.
An involved leadership guides workers to strive for lower cost, higher quality, and faster
delivery of goods and services to customers (Kelly 2015; Miller et al. 2013). The elimina-
tion of all non-value-adding activities is a key emphasis in the Kaizen approach. Table 5.5
presents numerous sample Kaizen steps taken by various manufacturers. Many of these
steps are based on common sense.

These quality concepts are logical, reasonable, practical, and, above all, obvious. In
fact, there is really nothing new or novel in them. Many of these quality concepts were
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TABLE 5.5

Sample Kaizen Steps

No. Sample Kaizen Steps

1. Get the most useful ideas to improve operations from the workers involved.

2. Conduct time studies and observe the actual work activities to evaluate productivity.

3. Use questionnaires to collect data and small group discussions to encourage worker participation.
4. Workers should put everything they need next to them to minimize time (JIT and Lean production).
5. Use a checklist that is constantly revised to inspect and study the shop floor activities.

6. Combine several process steps to lessen efforts required saves resources.

7. Incorporate prefabricated component modules to cut cost.

8. Use lighter and more versatile manufacturing equipment to whittle away manpower and utility costs.
9. Use flexible welding jigs and general purpose pallets to cut welding costs.

10. Use electric-driven robots and adopt a new server gut welder to increase spot welding speed.

11. Use general purpose carriers with common pickup points to handle all car models.

12. Combine primer and top coats in a single operation to gain 15% in speed and cut down energy
consumption based on the use of a resin (a polyacetal), which would rise from the primer coat to the
surface and separate the primer from the top coats.

13. Decrease the number of seat sets and apply more common components in design.

14. Use a combination of automatic, semiautomatic, and small lot stations to make products of different

models and volumes.

subsequently “reimported” to the United States with Japanese labels. Thereafter, American
managers started paying attention to quality.

Knowing what to do is useful, but it is not enough. Pronouncing a few quality terms
in Japanese will impress no one. Practicing the quality concept meticulously is the only
key to success in quality enhancement and control. To achieve useful results in quality,
management commitment is essential. Management commitment is reflected in company
value, vision, resources assignment, customer focus, long-term strategic orientation, and
rewards systems in place. In addition, worker dedication—drive to excellence, attention to
details, and continuous betterment—must be assured.

It is interesting to note that, during the last 20-plus years, foreign automakers opened a
total of 17 factories in the United States to produce cars, using American workers. Their
superior product quality output can only be attributed to superior management prac-
tices, as there is no difference in culture, language, or value systems between American
workers employed by General Motors or Ford and those working in U.S. factories for
Toyota, Nissan, or other foreign carmakers. Maynard (2004) pointed out that General
Motors had 60% of the American car market in 1960 and has only about half of that
today. The share of the light-vehicle market owned by foreigners is now already 40%.
Toyota is predicted to overtake General Motors and become the largest car company in
the world in the near future. Maynard further pointed out that there is a difference in the
backgrounds of the lead managers involved. General Motors and Ford have been headed
by financial professionals, whereas Toyota, Volkswagen, BMW, and Mercedes are led by
engineers who are “passionately interested in everything to do with cars.” This could
be a factor affecting the varying extent of management commitment devoted to product
quality.

Another case in point is the implementation of the quality program. Ford Motors
Company is credited for having spearheaded the well-known failure mode and effect
analysis (FMEA) method in the U.S. automotive industry around 1977 (Carlson 2012).
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TABLE 5.6

FMEA Worksheet

1. Step number

2. Process description

3. Potential failure mode

4. Potential effects of failure

5. Severity

6. Potential causes of failure

7. Occurrence

8. Current process control and detection
9. Detection

10.  Risk response number (RPN)

11. Recommended actions

12.  Responsibility and target completion date
13.  Actions taken

14.  New severity

15.  New occurrence

16. New detection

FMEA may be applied to design, process, service, and other engineering or business activ-
ities that may go wrong. Murphy’s law says, “If something can go wrong, it will.” FMEA
is a proactive program intended to catch all possible failure modes before they actually
occur. It is solidly based on the understanding that the correction of potential failures
before they actually occur will be much less costly than the required remedial actions after
the fact.

The FMEA concept is rather straightforward. Table 5.6 includes the headings of an
FMEA worksheet. For a given step number, the process description, potential failure
mode, and potential effects of the failure in question are to be entered. Then, the severity
factor (Row E) is assessed, using a number between 1 and 10 (10 being the most severe),
regarding the impact on customers. Row F registers the potential root cause for the failure.
Row G defines the probability of its occurrence, again using a number between 1 and 10,
with 10 being the most likely to occur. Row H specifies the current control and detection
practices. The detection factor (Row I) is assigned a value between 1 and 10, with 10 being
the most difficult to detect (Stamatis 2014).

The factor RPN (risk response number, Row ]) is the product of three numbers: sever-
ity (Row E), occurrence (Row G), and detection (Row I). Remedial or preventive actions
(Row K) are to be taken according to the priority order based on the RPN. Row L tabu-
lates the person responsible for taking the recommended actions. Row M documents what
actions were in fact taken.

Rows N, O, and P contain the results of reevaluation of the failure mode in question
after remedial and preventive actions have been undertaken. The new post-action RPN
number is expected to be significantly lower than its corresponding preaction number,
and it documents the corrective impact on the failure mode. Such documents may be
used to satisfy the customer’s requirements and serve as guidelines to drive continuous
improvement.

Applying FMEA systematically should lead to a continuous reduction of the effects of
failure modes in product design, product manufacturing, service, and other engineering
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or business applications. Many U.S. automotive companies and their tiered suppliers have
applied FMEA with varying degrees of success. Although Ford initiated the use of FMEA
back in 1977, it still lags behind other industrial leaders today in terms of problems per
100 vehicles (Ford was identified as having 116 problems versus Porsche’s 74 problems by
the J. D. Power Associates 2014 study). This drives home the point that having knowledge
about quality is useful, but implementing quality control steps represents the key step
in achieving quality performance. Successful implementation requires management com-
mitment and worker dedication. Technically, FMEA can be successfully implemented. The
management challenge is how to achieve better quality performance consistently for all
nameplates or products, and over a long period of time.

Like Kaizen and FMEA, TQM is also a very powerful program addressing the
issues related to product quality and organizational productivity (ASQ Quality Press
2013). In a typical academic course at the graduate level, TQM covers the concepts
of customer satisfaction, empowerment of employees in problem solving, continuous
improvement, and management excellence by creating and implementing corporate
visions. To achieve TQM success, management commitment and worker dedication are
also required.

Quality control is an important function, in which managers play a key role. They need
to be actively and persistently involved with workers to apply common sense in eliminat-
ing wastes, speeding delivery, simplifying processes, paying attention to the gritty details
of practice, and continuously improving the way work gets done.

Example 5.5

What is the generic problem-solving approach applicable to solve most engineering and
management problems?

Answer 5.5
The generic problem-solving approach may look like the following (Fogler et al. 2013):

1. Perform a situation analysis (e.g., assess strengths, weaknesses, opportunities,
and threats).

2. Formulate a statement of the problem.

3. Define performance standards that are observable, measurable, and relevant to
the goal.

4. Generate alternative solutions to the problem.

5. Evaluate these alternatives in terms of their consequences to the organization.

6. Select the best alternative solution with the highest value and the lowest
adverse effect on the organization.

7. Implement a pilot test of the proposed solution and revise as indicated by prac-
tical experience.

8. Implement the solution.

9. Evaluate the outcome.

10. Revise the process as necessary.

Note that there is no one universal solution to all management problems, but that the cor-
rect solution will depend on the unique needs of the situation.

The problem-solving process practiced by Xerox Corporation is a good example of the
approaches taken by many companies in industry (Garvin 1993). The Xerox problem-
solving process contains the details shown in Table 5.7.
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TABLE 5.7
Xerox’s Problem-Solving Process
What Is Needed
Questions to Be Expansion/ Contraction/ to Go to the
Step Answered Divergence Convergence Next Step
1. Identify and What do we want ~ Multiple problems One problem Identification of
select the to change? for consideration. statement, one the gap and
problems. “desired state” description of the
agreed on. “desired state” in
observable terms.
2. Analyze What's preventing ~ Multiple potential Key cause(s) Key cause(s)
problems. us from reaching causes identified. identified and documented and

3.  Generate
potential
solutions.

4.  Select and
plan the
solution.

5. Implement

the “desired
state”?

How could we
make the change?

What's the best
way to do it?

Are we following

Multiple ideas on
how to solve the
problem.

Multiple criteria for
evaluating
potential solutions.
Multiple ideas on
how to implement
and evaluate the
selected solutions.

verified.

Potential solutions
clarified.

Criteria to use for
evaluating
solutions agreed
on. Implementation
and evaluation
plans agreed on.

Implementation of

ranked.

Solution list.

Plan for making
and monitoring
the change.
Measurement
criteria to
evaluate solution
effectiveness.

Solution in place.

the solution.  the plan? agreed-on
contingency plans
(if necessary).
6.  Evaluate the How well did it Effectiveness of Verification that
solution. work? solution agreed on. the problem is
Continuing solved, or
problems (if any) agreement to
identified. address
continuing
problems.
I

5.14 Control of Knowledge

Knowledge refers to the sum total of corporate intellectual property, which is composed
of patents, proprietary know-how, technical expertise, design procedures, empirical
problem-solving heuristics, process operational insights, and others (North and Kumta
2014; Leonard et al. 2014). Some of these knowledge chunks are documentable, while others
typically reside in the employees” heads.

Managers are generally responsible for developing, preserving, safeguarding, and
applying corporate engineering and technology knowledge. They also need to develop
policies to facilitate the control of such knowledge. Some examples of knowledge manage-
ment strategies are listed in Table 5.8.

One of the major difficulties in knowledge management is that many knowledge chunks
are dispersed throughout various documents within the company. Data mining software
products represent new tools to help extract and group together related information from
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TABLE 5.8
Knowledge Management
1. Experimentation Put systems and processes in place to facilitate the search for and testing of new
knowledge.
2. Benchmarking Learn from one’s own experience, and best practices of others in industry, by
reflection and analysis.
3. Preserve Set policies concerning the preparation of reports, design procedures, and data books.
knowledge Apply knowledge acquisition tools to preserve valuable heuristic knowledge.
4. Dissemination of Rotate experts to different locations or jobs so that knowledge may be shared with
knowledge and learned by others. Make knowledge or data available electronically
companywide.

diverse sources for wide dissemination and effective use by others. Another major diffi-
culty in managing knowledge is that most domain experts do not like to share their knowl-
edge with others, rendering the use of knowledge acquisition tools somewhat ineffective.

Knowledge control is particularly important from the viewpoint of countering indus-
trial espionage. Special policies regulating employee contact with competitors at neutral
sites (such as professional meetings, university environments, and industrial seminars)
need to be defined to safeguard company knowledge.

Preserved or acquired knowledge adds little value to the company if there is no resulting
refinement or improvement in the way work gets done. Managers also need to focus on
effectively transferring the knowledge gained to achieve a modification of the company’s
behavior that uses the new knowledge and insights. Doing so will make the company a
true learning organization that steadily enriches itself.

5.15 Conclusion

Control is another important function of engineering management, which focuses mostly
on the administrative and operational aspects of the work. Control is essential to the
implementation of any project or program activities by specifying performance metrics,
motoring progress for initiating corrective steps, and ensuring the attainment of useful
outcomes.

Particular attention should be paid to external benchmarking when setting standards in
order to avoid causing a company to lose its long-term competitive strengths. Delegation
without proper control will likely result in wasting the company’s resources (e.g., time,
manpower, know-how, and management attention).

Control is routinely applied to team members, knowledge, business relationships, and
the allocation of resources, as they all contribute directly to the specific project objectives
at hand. Care must be taken in dealing with professionals, who generally prefer to be
guided by specific objectives and then empowered to select the right course of action to
achieve the project objective within the given time and budget constraints. On the one
hand, tight and rigid control discourages employee initiative. On the other hand, too loose
a control could lead to the project objectives being missed. Exercising the right level of con-
trolis of critical importance, dependent on the people, the nature of the project, its urgency
and impact, and the risks entailed.
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As a general rule, setting clear and understandable standards and performance goals
and insisting on good planning efforts will encourage employees to exercise self-directed
control while promoting participation, involvement, and employee motivation.

QUESTIONS

1. A number of years ago, ISO Standards 9000 series were developed to promote
work quality by standardizing engineering design, testing, production, and other
procedures. How many ISO standards are there, and how well have these stan-
dards been accepted in the United States?

2. A company decides to offer an average annual raise of 8%, although the current
inflation rate is 10%. Each engineering manager decides on the best way to distrib-
ute the salary increases to his or her staff. However, if everyone gets an increase of
8%, there will be no differentiation between strong and weak performers for the
previous year. What should you do as an engineering manager?

3. A key engineer in the department hands in her resignation notice; her reason for
leaving is that she has been offered a much higher salary by a competitor. The
manager recommends to the director that the company match the competitor’s
offer, even though this would allow the engineer to earn above the maximum for
her grade. “We can always give her smaller increases in subsequent years to bring
her salary back into line,” says the manager. What should the director do?

4. Motivation in the assembly shop is high. However, the shop manager notices that,
although the daily production is above average for the shop, it drops down to a
low during the first hour after the lunch break. It is further diagnosed that the
operators tend to continue socializing till well after the lunch break.

The shop manager changes the lunch break and staggers it over a two hour
period so that the operators cannot go to lunch together. To his surprise, motiva-
tion begins to fall, and productivity drops dramatically.

What do you think is the problem? How do you advise the shop manager to fix
this problem?

5. Bill Carter is an excellent hardware designer, but he wants to move into man-
agement to broaden his experience. His manager is supportive and encourages
Bill to go to evening classes on management. Bill works hard for two years and
graduates first in his class. Soon, there is a management opening in the procure-
ment department. Bill applies for it, but an outside applicant eventually fills the
position. Bill is turned down because he does not have sufficient experience in the
procurement functions, a stated key requirement for the job.

Bill protests, “But I have better technical knowledge of components than
all the procurement engineers put together, and I learned about procurement
in my management courses. The only way I will get experience is to work on
the job.”

Do you think Bill should have been given the job? How would you have han-
dled this situation differently?

6. The company president has noted a constant increase in the number of reports
passed on to her, many of them coming through the mail, some through the com-
pany’s intranet. Most of these reports remain unread, although, when traveling
for business, the company president does find time to browse through some of the
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reports while on the airplane. It has clearly become difficult for her to keep track
of all projects due to information overload. However, she does not want to aban-
don her personal objective of being constantly informed, and she does not want to
query her vice presidents for summaries of major developments.

What are the alternatives available to the company president?

7. The production department is undergoing an upgrade of its automation program.
It has a conflict that needs to be controlled and managed. The line supervisor
wants to standardize on machines supplied by an American vendor, as his people
will eventually use them. The automation team leader believes, on the other hand,
that Swiss-made machines will result in greater productivity. Being a specialist
in automation, she was brought into the department to find ways of significantly
improving productivity.

The department head does not know what to do, as these two experts frequently
fight in staff meetings. He regrets that he has not kept up with the automation
technology to enable him to arbitrate and decide on the best way.

What should the department head do now?

8. Two junior members of the production department unexpectedly come in to see
you, the production director, to complain that their manager, who reports to you,
commits discrimination, practices favoritism, and misuses company facilities for
possible personal gain.

How would you handle this complaint?

9. At present, the company is running at full capacity in developing a new product
for a major customer. The sales director has unexpectedly secured a small, but
highly profitable, order, which requires some low-level development work and a
minor change to the current production process.

Should the company accept the small order? If so, how should the company
satisfy the small order?

10. Some foreign countries, particularly those in the early stages of industrial devel-
opment, are known to illegally copy product designs and technologies that origi-
nated from developed countries.

What are the best ways for small businesses to protect their technical know-
how in foreign countries?

11. John Elrod founded the Elrod Manufacturing Company 50 years ago. Vernon Scott
is the vice president of plant engineering, reporting to George Elrod, who took
over as the company president from his father, John, five years ago. Vernon Scott
and John Elrod have been good friends for many years. The company’s products
include automotive parts (such as gears, axles, and transmissions), metal stamp-
ings, and sheet metal subassemblies.

Also reporting to George Elrod are six plant managers. Each plant has its sales,
engineering, manufacturing, warehouse, and other functions. The plant manag-
ers are responsible for the profitability of the individual plants. The total employ-
ment of the company is 12,000 people.

The company has a standing policy on capital expenditure: expenditures below
$5,000 are to be approved by plant managers, those between $5,000 and $50,000 by
Vernon Scott, and those above $50,000 by the executive committee.
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Vernon Scott favors expenditures for machinery and equipment directly related
to manufacturing, but not for maintenance, facility expansion, or improvements
that are not related to manufacturing. Over the years, plant managers have become
unhappy with Scott’s refusal of expenditures for nonmanufacturing equipment,
such as computers. Forced to keep their plants profitable, they cannot help but
bypass him by breaking down the nonmanufacturing projects into many small
components, each below $5000.

Eventually, Vernon Scott finds out about the piecemeal purchase of a $27,000
computer by Paul Nelson, a very capable plant manager whose plant has become
the most profitable in the company. Scott demands that George Elrod fire Nelson,
citing insubordination, cheating, and dishonesty.

What would you do if you were George Elrod?

12. The manufacturing manager of Company X had installed a wage incentive pro-
gram. She happily reported six months later that the system was a success because
production was up and unit costs were down. A quality control manager said,
however, that the percentage of rejects had increased markedly and that this was
creating a backlog of rework requirements. An industrial engineering manager
reported that the expenditures for industrial engineering studies in the depart-
ment were up by 50%. An industrial relations manager said that arbitration fees
resulting from incentive grievances had tripled.

Discuss your observations in this case. What should be done to correct the situ-
ation in this production department?
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Section II

Business Essentials for
Engineering Managers

Section II covers the fundamentals of business, including cost accounting (Chapter 6),
financial accounting and management (Chapter 7), and marketing management (Chapter 8).
This section is to enable science, technology, engineering, and math (STEM) professionals
and managers to facilitate their interactions within peer groups and units and to acquire a
broadened perspective of the company business and its stakeholders.

Section II also prepares STEM professionals and managers to make decisions related
to cost, finance, product, service, and capital budgets—discounted cash flow and internal
rate of return analyses are reviewed. These discussions are of critical importance, as deci-
sions made during the product design phase typically determine up to 85% of the final
costs of products. Activity-based costing (ABC) is presented to define indirect costs related
to products and services. Economic value added (EVA) is addressed, which determines the
real profitability of an enterprise above and beyond the cost of capital deployed.

Also discussed are capital formation through equity and debt financing, resource alloca-
tion concepts for assets in place, and option pricing for capital investment opportunities.
By understanding the project evaluation criteria and the tools of financial analyses, STEM
professionals and managers will be in a better position to secure project approvals. A
critical step to developing technological projects is the acquisition and incorporation of
customer feedback. For STEM professionals and managers to lead, a major challenge is the
initiation, development, and implementation of major technological projects that contrib-
ute to the long-term profitability of the company.

The important roles and responsibilities of marketing in any profit-seeking enterprise
are then introduced, along with the contributions expected of STEM professionals and
managers to support the marketing effort. Many progressive enterprises are increasingly
concentrating on customer relationship management to grow their businesses. Such a cus-
tomer orientation is expected to continue to serve as a key driving force for product design,
project management, plant operation, manufacturing, customer service, and many other
engineering-centered activities.
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6

Cost Accounting for Engineering Managers

6.1 Introduction

Cost control is a very important management function in both profit-seeking and non-
profit organizations.

A profit-seeking organization strives to maximize its financial gains (e.g., sales revenue
minus costs) for its owners. These gains can be sustained over time only if all stakeholders
of the firm (e.g., stockholders, 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,
and church organizations) seeks to maximize its service value to its respective target recip-
ients while minimizing operations costs.

This chapter covers the basics of cost accounting. The discussions focus on the costing
of products, although all cost accounting concepts are equally applicable to the costing of
services (Vanderbeck and Mitchell 2015; Horngren et al. 2014; Bragg 2014). First, some com-
monly utilized accounting terms are introduced. Then, the cost analysis of a single period
versus multiple periods is explained, leading to topics such as the time value of money and
compound interest formulas. 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 product/services is illustrated by the conventional method of using over-
head rates, as well as by the more sophisticated method of activity-based costing.

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 clearly 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).

It is important for all engineering managers to become well versed in cost accounting.
Cost control is a basic management task actively performed by all technology-based orga-
nizations, such as manufacturing, engineering, construction, product development, prod-
uct design, technology applications, and services.

6.2 Product or Service Costing

Product or service costing is one of the key responsibilities of managers, as the accurate
computation of the CGS is of paramount importance to a product- or service-centered
company (Ryan and Starmanns 2015).

145
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6.2.1 Cost of Goods Sold

Product costing in a product-centered company requires the computation of costs related
to direct material (DM), direct labor (DL), and factory overhead (FO) for the following
three operations:

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

The following additional definitions are helpful:

Prime cost = DM + DL
Conversion cost = DL + FO

Indirect manufacturing cost = FO, also called factory burden. FO includes all costs
other than DM and DL.

Typically, T-accounts are set up for the Stores, WIP, and FG operations.

A T-account is a tool used commonly by accountants to record transactions. As a conven-
tion, an increase in assets (e.g., cash, accounts receivables, inventories, land, and machines)
is debited to the left side of the T-account. A decrease in assets is credited to the right side
of the T-account. The opposite is true for liabilities and owners” equities. For additional
discussions on the use of T-accounts, see Section 7.10.1.

The following schematic diagram illustrates product costing:

Stores WIP FG

Debit | Credit Debit | Credit Debit |Credit

1 2 (©) (4) (5) (6)

Explanations:

1. Purchasing raw materials (an increase in assets).
2. Putting materials into a production process (a reduction in stores assets).

3. Production is initiated, adding value to raw materials, while consuming labor,
materials, utilities, and other resources (assets are increased).

4. Production is complete and units shipped out to FG operations (a reduction of
WIP assets).

5. Receiving of FG in storage (an increase of FG assets).
6. FG are shipped out for sale (a reduction of FG assets).

Note that in the product costing schematic diagram, materials flow from left to right,
whereas cash (financial resource) flows from right to left. The following illustrates a spe-
cific example of product costing:
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Stores WIP FG
Debit | Credit Debit | Credit Debit | Credit
Beg.75 | 3P Beg. 22 | 440f Beg. 50
198 | 187¢ 1254 40f 4308
147¢
187¢
End. 83" End. 41" End. 60"

Purchased material for $198.00.
Received credit for having returned the material purchased.
DM actually shipped to WIP and used in the accounting period.

DL used and cost assigned.

Product completed and transferred out (cost of goods manufactured).

a

b

<

d

¢ FO used and cost assigned.

f

8 FG shipped out to customer, receiving the CGS as credit.
h

The sum of ending balances in Stores, WIP, and FG represents inventory at the end
of the accounting period.

In computing the CGS, the inclusion of materials and labor costs is rather straightfor-
ward, as these are direct costs, which are quite easy to track. The difficulty in product cost-
ing is the inclusion of indirect costs, namely the FO, as in the specific example illustrated.
For manufacturing operations in which the FO represents a small fraction of the total
product cost, the precision with which to allocate the indirect costs is practically irrel-
evant. However, in other circumstances, the allocation of indirect costs must be precise,
especially when the FO becomes a major portion of the product cost and the plant facility
generates multiple products.

6.2.2 Traditional Method of Allocating Indirect Costs

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

For example, let us assume that a factory has $800,000 in overhead (e.g., salary of
manager, benefits, and other general charges), 2,000 direct hours per employee per
year, and 20 employees. The hourly overhead rate is then $20 per hour (= 800,000/
(2,000 x 20)).

The major deficiency of this method of allocating indirect costs is that it does not reflect
the true relationship between the indirect costs and the applicable cost object (such as
products, services, and customers). Therefore, the allocation is often improper, as diverse
types of overhead costs are lumped together, making an in-depth analysis impossible
(Cooper and Kaplan 1988).

A better method of allocating indirect costs is activity-based costing (ABC), which is intro-
duced next.
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6.2.3 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., products, services, and
customers) (Hicks 2002).

ABC is built on the notion that an organization has to perform certain 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 iden-
tifiable activities and using appropriate assignment bases (called cost drivers). The results
of ABC analyses offer a relatively more accurate picture of the real cost of each product
or service, including the cost of serving customers. Nonactivity costs (such as DM, DL, or
direct outside services) do not need to be included because these costs are readily attribut-
able 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 product and service costs (Maingi 2013; Moore 2012).

All managers should learn to practice ABC, because the traditional method of allocat-
ing overhead uses only high-level information about costs, and the general ledger system
does not provide information related to time and resources spent on assignments and
activities. In contrast, a well-practiced ABC method offers specific insights that include
(@) a clearer picture for management of what generates profits and losses for the com-
pany; (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 identifying the relative profitability among uproducts
and customers.

A company may lose money on some products, orders, and customers even with an
overall documentable profitability, when the financial data are hidden in the absence
of 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 imple-
ment, and partly because of increased processing capabilities of personal computers (PCs),
reduced prices for ABC software products, and increased competition forcing companies
to achieve a better understanding of their own product costs. ABC software for Microsoft
Excel is marketed by MrDashboard.com. There are also comprehensive ABC management
tools on the market. Examples include: (1) Profitability and Cost Management (PCM) by
SAP, (2) Hyperion Profitability and Cost Management (HPCM) by Oracle, and (3) SAP
Activity-Based Cost Management by SAP.

6.2.4 Sequential Steps to Implementation of ABC

It is advisable to form a cross-functional team when implementing the ABC method 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.
(Cokins 2001).

The team then needs to define activities that represent homogeneous groups of work
(such as accounting, machining, forging, and design), which add value to the cost objects.
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TABLE 6.1

Cost Drivers

Activity Cost Driver
Loading Tons

Driving Miles

Invoice processing Number of invoices
Machining Machining hours
Material movement Weight

Production Number of products

Next to be determined are cost drivers. These are the agents that cause costs to be
incurred in the activities, which in turn exert a direct impact on the cost of a given cost
object. Examples of cost drivers are shown in Table 6.1.

The next step is to attribute activity costs to cost objects. The use of a flowchart for mod-
eling the process is recommended. The resulting information generated by ABC is useful
as a basis for new management decisions.

6.2.5 Practical Tips for Performing ABC

When management initiates the process of creating an ABC system, it is practically useful
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 mem-
bers should be cognizant of the potential fears of job restructuring that some employees
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 for achieving ABC success is to
use “close-enough” data, and 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 yield no useful results. The team may have to try out ABC cost models of
different granularities on small scales. When applying ABC cost models for the very first
time, useful outputs can be expected in 6-12 months. [llustrative examples for creating an
ABC cost model are shown in the next section.

6.3 Application of ABC in Industry
6.3.1 Application: Manufacturing Operations

XYZ is a small manufacturing company with $10 million in annual sales. It makes compo-
nents for the automotive industry, involving the key production processes of forging and
machining. Its product-related operating activities are as follows:

1. Buying steel bars from outside vendors.
2. Testing steel bars on receipt and moving them to storage.

3. Sending the bars to the forging area when needed for a customer order, at which
point 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.
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4. Sizing the bars and moving them to a forging station 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-process storage to the
forging station 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 station where they are finished. The bars are then sent to the finished-
goods storage.

7. Sorting, packing, and loading the bars is 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 plantwide cost-
ing rate on the basis of DL. The setup costs are included in the manufacturing overhead.
(2) Assign 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 see a need for change.

When implementing ABC, the company did not buy any ABC-specific software. Instead,
they used a standard Excel spreadsheet program. Typically, the company considered the
following factors:

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 opera-
tors may operate the forging press. Prior to forging, each steel bar must be induc-
tion 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 forging press usage (in hours).
b. Production labor cost on the basis of labor hours spend.
¢. 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, one machine-worker hour is required for every two and a half 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 material movement cost could vary sig-
nificantly 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 illustrated in Table 6.2.
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TABLE 6.2

ABC Model for XYZ Manufacturing Company

151

Forging Press Induction Material Movement
Hour Cost Machine Hour Cost Heating Cost Cost
Directly Depreciation Depreciation Depreciation Depreciation
Attributable
Costs
Utilities Utilities Utilities Utilities
Manufacturing Manufacturing Manufacturing Manufacturing
supplies supplies supplies supplies
Outside repairs Outside repairs Outside repairs Outside repairs
— Straight-line wages — Straight-line wages
— Fringe benefits — Fringe benefits
— Payroll taxes — Payroll taxes
— Overtime premium — Overtime premium
— Shift premium — Equipment leases
Distributions Maintenance Maintenance Maintenance Maintenance
Buildings and Buildings and Buildings and Buildings and
grounds grounds grounds grounds
Manufacturing Manufacturing Manufacturing Human resources
engineering engineering engineering
Commodity Commodity Commodity Supervision
overhead overhead overhead
— Supervision — —
Total Total costs Total costs Total costs Total costs
Rate Dollar per press Dollar per machine Dollar per Dollar per move
hour hour heating weight

It produced cost data of an increasingly detailed nature regarding the production cost
for various customer contracts. These insights allowed management to define 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. The final results of ABC implementation are impressive. The company’s sales
tripled and its profit increased fivefold after having implemented new operational strate-
gies based on new outcomes of the ABC study.

6.3.2 Application: Banking and Financial Services

Buckeye National Bank (Bamber and Hughes 2001) services both retail and business
customers. The services include paying checks, providing teller services, and respond-
ing to customers’ service calls. All of these services consume labor-intensive activities.
The resources involved are employees (salary and benefits), 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 more retail customers and that
business customers bring losses. As a result, the bank’s retail customers grow, while the
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business customers remain stable. Yet, the bank’s profit is trending downward. Bank man-
agement becomes puzzled as to the reasons why.

A large number of cost data were made available from the banks’ traditional accounting
system. Tables 6.3 and 6.4 display these data.

The solution obtained based on the traditional costing system is shown in Table 6.5. 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 retail customers appear to be
correct.

An ABC pilot study was initiated to define (1) the percentage of time each employee
spends on the aforementioned three activities; and (2) costs associated with toll-free phone
lines, depreciation of equipment used for paying checks, and providing teller services. The
cost drivers were identified to be (1) the number of checks processed for the paying check
activity, (2) the number of teller transactions for the activity related to providing teller
service, and (3) the number of calls received for activity related to responding to customer
inquiries.

TABLE 6.3
General Ledger Cost Data of Buckeye Bank
Buckeye National Bank Dollar Value
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 6.4
Additional Cost Data of Buckeye National Bank
Retail Business
Dollar 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 6.5
Traditional Cost Solutions
Traditional System Retail Business
Dollar value of check processed 9,500,000 85,500,000
Cost per dollar 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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TABLE 6.6
Unit Costs of Three Principal Activities

ABC Solutions

Cost per check processed $0.40 (= 700K + 440K) /2850

Cost for teller transition $6.00 (1000K + 200K) /200K
Customer inquiries $5.10 (450K + 60K) /100K
TABLE 6.7
Cost Assignments and Per Account Cost
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

Table 6.6 summarizes the unit cost of the three activities. Table 6.7 shows the cost assign-
ments and the per account cost. In fact, the retail accounts are shown to lose money, indi-
cating that the bank policy of pursuing retail customers was based on an incorrect costing
data.

6.4 Risk Analysis and Cost Estimation under Uncertainty

When estimating costs for products and services, some part of these costs are well defined
and firm, while others are not. Similarly, some projects in engineering based on past expe-
rience are 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 (Ayyub 2014; Cox 2015).

6.4.1 Representation of Risks

Risks can be graphically represented by a probability distribution function. Three cases
are examined next.

Figure 6.1 shows that the yield of 10-year U.S. Treasury bills has varied in the range of 8%
(1990) to below 4% (2002). But 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% assumed in this example) with 100% probability (see Figure 6.2,
Case 1).

Case 2 is an investment in a blue-chip corporate stock with a most likely return of
8%. Due to market conditions being usually unpredictable, the return of such an invest-
ment has some measure of risk, as represented by the bell-shaped curve centered on 8%
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Graphical representation of risks.

in Figure 6.2. The return may vary from 4% (minimum) to 12% (maximum). Risks are
measured by the standard deviation of this probability distribution curve (e.g., c,) (see
Figure 6.2, Case 2).

The bell-shaped curve is mathematically represented by the Normal probability density
function,

1 —l((X—u)/ oy )2)
F(x)= e’ 6.1
()= 7 6.1)
where:
o = standard deviation
U= mean
= 3.14159

The area underneath the curve is normalized to be 1.
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Case 3 is the return of an investment in real estate, centered, for example, around 15%.
Because this investment requires tax 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 favorable. This case is
represented by a bell-shaped probability curve having a large standard deviation (c; being
larger than o,) and with its most likely return centered around 15%. Furthermore, the
probability of achieving its most likely return of 15% is now only 50% (see Figure 6.2.).

Risky events may be represented mathematically by the Normal probability 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 represent risky costs (see Section 6.4.3).

6.4.2 Project Cost Estimation by Simulation

Recent literature outlines the advancements of PC-based techniques that estimate project
costs under uncertainty (Zio 2012; Gupta 2013). The key elements of these PC-based tech-
niques consist of the following steps:

1. Construct a cost model for the projects at hand with a spreadsheet program (e.g,,
Excel) (Bodnar and Hopwood 2012). The spreadsheet program takes care of the
required computation of the cost model, such as addition, subtraction, multipli-
cation, and division. The numerical values entered in the spreadsheet cells are
typically deterministic, each having a 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, composed of the mini-
mum, the most likely, and the maximum values. This is to account for the per-
ceived-cost uncertainty. Past experience may serve as a guide in the selection of
these values.

Select a probability distribution function (e.g., Triangular, Normal, Beta, or
other distribution functions) to represent the three-point estimate of the compo-
nent cost. Repeat this step for all other cost components of the project.

3. Activate risk analysis software to replace the deterministic values contained in the
spreadsheet cells by the probability distribution functions chosen to represent the
corresponding three-point estimates.

Currently, commercial PC-based software products are readily available. Some
examples are

a. CrystalBall® for Excel (Charnes 2012), see Crystal Ball software at www.oracle.
com

b. @Risk (Version 6) and BestFit programs (Palisade Corp.) for Excel spreadsheet
(Nersesian 2011)

The BestFit program marketed by Palisade Corporation 