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Operations and supply chain management (OSCM) has evolved into one of today’s most
important business disciplines. OSCM is an outgrowth of the disciplines of industrial engi-
neering, strategic management, quality control, and management science. Although OSCM
began with a strong focus in production and manufacturing, one cannot deny the fact that
over 80 percent of U.S. jobs are now in the service sector and more than half of goods-
producing industry jobs involve service processes. Consequently, most business graduates
will work in the service sector, or in service-related aspects of manufacturing firms; thus, it is
vital that any book in this area has a strong service orientation.

Operations and Supply Chain Management, 2E is written to help students understand
the role of operations in both goods-producing and service-providing organizations. It has
evolved from a series of books written by us, beginning with Operations Management: Goods,
Services, and Value Chains, which was the first text to integrate goods and services from the
perspective of the value chain, six editions of a shorter and more student-friendly text, OM, a
4L TR Press book published by Cengage Learning, and a subsequent re-branding of that title
as Operations and Supply Chain Management, which provided a more extensive integration
of supply chain management and Cengage MindTap technology. In this revision, we have
strengthened the focus on supply chains and quantitative applications, added a new chapter
on process and resource utilization, added many new solved problems, greatly expanded the
number of questions and problems, added a new case to each chapter, and included a set of
supplements for important quantitative topics.

Organization of the Book

This book is divided into three major parts and a set of supplements. Part 1 introduces the
basic concepts, terminology, and models of operations and supply chain management. Part 2
focuses on the design of goods and services to support business strategy and the global value
chains and processes that create and deliver them to customers. Part 3 addresses more tacti-
cal and day-to-day management issues of operating systems and supply chains. Part 4 con-
tains recommended supplements that are intended to provide a basic introduction or review
of key quantitative and analytics topics that are used throughout this book. A brief description
of each chapter and supplement follows.

Part 1: Basic Concepts of OM and Value Chains
Chapter 1: Operations Management and Value Chains

This chapter introduces OM, explains what operations managers do, and provides brief tours
of manufacturing and service companies; describes the differences between goods and ser-
vices, the concepts of a customer benefit package, process, value, and value chains; and dis-
cusses the importance of sustainability, the role of business analytics in OM, the history of
OM, and current and future challenges of OM.

PREFACE

Preface
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Preface

Chapter 2: Measuring Performance in Operations and Value Chains

The chapter provides an in-depth discussion of performance measurement in value chains
and the way in which they support operations from a strategic perspective. This includes key
categories of organizational performance measures and how internal and external measures
are related, the use of analytics in OM with an application to the value of a loyal customer,
and four models of organizational performance: the Baldrige Performance Excellence frame-
work, the balanced scorecard, the value chain model, and the Service-Profit Chain model.

Chapter 3: Operations Strategy

The chapter focuses on the importance of operations strategy for gaining competitive advan-
tage. We address approaches for understanding customer wants and needs, ways to evalu-
ate goods and services, key competitive priorities, sustainability and operations strategy, and
Professor Terry Hills strategy development framework with an application to McDonald’s
Corporation.

Chapter 4: Technology and Operations Management

The chapter focuses on the role of technology in goods-producing and service-providing
organizations. Key manufacturing technologies such as Computer-Integrated Manufactur-
ing Systems (CIMs), Computer-Aided Design and Engineering (CAD/CAE), and Flexible
Manufacturing Systems (FMSs) are described. Technology in service industries and value
chains, such as e-service and customer relationship management (CRM) are also addressed.
Finally, benefits and challenges of technology, key decisions such as scalability, and applica-
tions of decision analysis are discussed.

Part 2: Designing Operations and Supply Chains
Chapter 5: Goods and Service Design

The chapter focuses on the design of goods and services and the processes that create and
deliver them to customers. Topics include an integrated framework for goods and service
design, quality function deployment (QFD), Taguchi loss functions, reliability, design for
manufacturability and sustainability, service-delivery system design areas, and service en-
counter design. A case study of LensCrafters provides a broad view of how these ideas are
implemented in practice.

Chapter 6: Supply Chain Design

The chapter addresses global supply chains, key decisions in supply chain design and the im-
pact of blockchain technology, efficient and responsive supply chains, push and pull systems,
vertical integration and outsourcing with break-even analysis, offshoring and reshoring, loca-
tion decisions using the center of gravity method and optimization using the transportation
model, and a case study of a global supply chain firm using these concepts.

Chapter 7: Process Selection, Design, and Improvement

The chapter addresses process choice decisions and types of processes used to produce
goods and services (projects, job shops, flow shops, and continuous flow). It also discusses
the product-process matrix, the service-positioning matrix, process design using hierarchical
levels of work and process/value stream mapping, mistake-proofing concepts, and approach-
es to process improvement, including reengineering.
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Chapter 8: Facility and Work Design

The chapter deals with facility layout and work design issues. It includes discussions of broad
facility design issues, the four common types of facility layout patterns, assembly line balanc-
ing, and basic concepts of work measurement. It also addresses workplace safety, ergonom-
ics, and workforce ethics in global supply chains.

Part 3: Managing Operations and Supply Chains

Chapter 9: Forecasting and Demand Planning

This chapter describes the importance of forecasting in operating systems and supply chains
and presents basic quantitative methods for forecasting, including simple moving average,
exponential smoothing models, and linear regression. Other topics include understanding
the nature of time series, computing, forecast errors and measuring forecast accuracy, using
tracking signals, and judgmental forecasting.

Chapter 10: Capacity Management

The chapter focuses on understanding, measuring, and making both long- and short-term
capacity decisions. Topics covered include capacity decisions and economies of scale, the fo-
cused factory, measuring theoretical and effective capacity, safety capacity, computing capac-
ity requirements for job shops with setup/changeover times, managing capacity by shifting
and stimulating demand, revenue management, and learning curves.

Chapter 11: Process Analysis and Resource Utilization

The chapter provides an in-depth discussion of how to analyze processes, compute resource
utilization and identify resource levels needed to achieve target utilizations, calculate process
throughput, identify bottlenecks, and apply Little’s law. In addition, this chapter discusses
waiting line management and applications of single and multiple server queueing models and
spreadsheet simulation and explains the logic and principles of the Theory of Constraints.

Chapter 12: Managing Inventories in Supply Chains

The chapter focuses on the principles of inventory management systems and quantitative
approaches for managing inventories. These include ABC analysis, fixed-order-quantity and
fixed-period inventory systems for deterministic and stochastic demand, economic order
quantity, quantity discount, and single-period inventory models. Spreadsheet simulation is
also illustrated for analyzing fixed-order-quantity inventory systems.

Chapter 13: Supply Chain Management and Logistics

The chapter focuses on the management of supply chains. It introduces the Supply Chain
Operations Reference (SCOR) model, concepts of sourcing and purchasing, supplier rela-
tionships and value chain integration, logistics and transportation, vendor-managed inven-
tory, and risk management in global supply chains. Emphasis is placed on measuring supply
chain performance, and it discusses metrics such as inventory turnover, total supply chain
costs, and the cash-to-cash conversion cycle. Other topics include supplier certification, sus-
tainability in supply chains, manufactured goods recovery, and reverse logistics.

Preface
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Preface

Chapter 14: Resource Management

The chapter describes generic frameworks for resource management in both goods-producing
and service-providing organizations. Major topics include aggregate planning decisions and
strategies, disaggregation of aggregate plans, applications of linear optimization for resource
planning, master production planning, material requirements planning, multiple-level lot
sizing, and capacity requirements planning.

Chapter 15: Operations Scheduling and Sequencing

The chapter introduces concepts of operations scheduling and sequencing with applications
in both manufacturing and services. Included are heuristic approaches and optimization
models for staff scheduling, appointment systems, single processor sequencing criteria and
rules, S.M. Johnson’s two-resource sequencing algorithm, Gantt charts, dispatching, and the
Clarke-Wright vehicle routing and scheduling heuristic.

Chapter 16: Quality Management

The chapter explains basic concepts quality, the philosophies of Deming, Juran, and Crosby,
the GAP model, ISO 9000, Six Sigma and the DMAIC process, the cost of quality, the Seven
Quality Control tools, root cause analysis, Kaizen, and breakthrough improvement. Numeri-
cal examples illustrating metrics used in Six Sigma such as defects per million opportunities
and sigma levels are included.

Chapter 17: Quality Control and SPC

This chapter addresses quality control systems and the role of statistical process control
(SPC), emphasizing the construction and analysis of control charts for continuous and dis-
crete data. Other topics discussed include common and special cause variation, quality at the
source, quality control in services, practical issues in implementing SPC, and process capabil-
ity indexes and analysis.

Chapter 18: Lean Operating Systems

The concepts of lean operating systems are introduced in goods-producing and service-
providing organizations. This includes a discussion of the key principles of lean thinking,
waste in organizations, and lean tools such as the 5Ss, batching and single-piece flow, and to-
tal productive maintenance. Also included are a discussion of Lean Six Sigma, lean “tours” of
a manufacturing and a service organization, just-in-time and Kanban systems, and a compari-
son of the philosophies of lean thinking, quality management, and the Theory of Constraints.

Chapter 19: Project Management

The chapter addresses project management from both an organizational and a technical
viewpoint. Tools and techniques for planning, scheduling, and controlling projects are illus-
trated. Topics include the project life cycle, the role of project managers, project networks,
the Critical Path Method and PERT, contributors to project success or impediments, project
control and Gantt charts, time and cost trade-offs, and project crashing decisions.
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Part 4: Supplements
Supplement A: Probability and Statistics

The supplement provides a review of key concepts of probability and statistics used in the text.
Topics include descriptive statistics, frequency distributions and histograms, author-supplied
Excel templates, the Excel Data Analysis Regression tool, and sample size determination.
The chapter also describes basic discrete and continuous probability distributions including
the uniform, normal, Poisson, and exponential distributions, and computing expected values.

Supplement B: Decision Analysis

The supplement reviews concepts of decision analysis that are used in product selection, facil-
ity capacity expansion and location, inventory analysis, technology and process selection, and
other areas of operations management. Topics include structuring decision problems, making
decisions with and without event probabilities, and the expected value of perfect information.
An Excel template is illustrated for performing these computations.

Supplement C: Break-Even Analysis

This supplement describes the use of break-even analysis with applications in profitability
analysis, outsourcing decisions, and technology choice decisions that are discussed in the
text. Both analytical equations and an Excel template are used. The Excel Goal Seek tool is
illustrated for finding break-even points.

Supplement D: Linear Optimization

This supplement reviews the process of formulating linear optimization models and solving
them with Excel Solver, which are used in several chapters in the text. It also describes how
to interpret the Solver Answer and Sensitivity reports.

Supplement E: The Transportation and Assignment Problems

This supplement extends from Supplement D and explains the transportation and assign-
ment problems, which are used in supply chain management and scheduling applications. It
illustrates the formulation of the optimization models, how to implement them on spread-
sheets, and how to solve them using Excel Solver.

Supplement F: Queuing Models

This supplement introduces basic concepts of queuing systems that have wide applicabil-
ity in manufacturing and service organizations. The focus is on defining queuing terms and
structures, probability distributions of arrival and service processes, performance metrics,
and analytical models for single server and multiple server queues. Excel templates for these
models are illustrated.

Supplement G: Simulation

This supplement reviews basic concepts of simulation modeling, generating random samples
from probability distributions (drawing upon concepts in Supplement A) and implementing
them in spreadsheets. A simple example of simulating a production-inventory system using
Excel is described in detail, including the use of Excel data tables to perform multiple repli-
cations of the simulation model.

Preface
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Preface

Features and Pedagogy to Enhance Learning
Each chapter begins with

1. a practical discussion or scenario to which students can easily relate, and which
provides motivation for the practical importance of the chapter material, and

2. aset of Learning Objectives for the chapter.

Throughout each chapter are numerous feature boxes that highlight real organizations and
provide practical insight into the concepts and applications of OSCM. Chapters with quan-
titative material have detailed solved problems that carefully illustrate the use of formulas,
equations, calculations, Excel templates, and insights obtained from the results. These fea-
tures assist student understanding and their ability to successfully answer end-of-chapter and
MindTap problems and exercises.

At the end of each chapter can be found a summary of the chapter Learning Objectives
and a list of Key Terms that were defined in the chapter, which students should know and
understand. Questions and problems are provided in four categories:

Review questions to check student’s basic understanding of key concepts (all
chapters),

Discussion questions and experiential activities that require thoughtful discussion
or hands-on experiences (all chapters),

Computational problems and exercises that are intended to be solved manually in
order to master the formulas and equations (chapters with quantitative content), and

Excel-based problems that may be solved using spreadsheets or the supplied spread-
sheet templates to perform more complex calculations or what-if analyses (chapters
with quantitative content).

The number and scope of the questions and problems have been greatly expanded from the
previous editions of our books. A set of 37 unique Excel templates created by one of the au-
thors is available in MindTap. These templates allow students to enter data and easily calcu-
late results. Student template worksheets are protected to avoid any corruption of formulas;
unprotected templates are available to instructors. In addition, Excel worksheets with data
sets for problems and cases are available in MindTap.

Each chapter also has three cases, which require students to thoughtfully apply the con-
cepts and techniques in a broader context. The cases are drawn from a variety of industries
such as manufacturing, banking, sports, health care, and professional engineering services.
Two cases in each chapter are stand-alone, while the third, Hudson Jewelers, is an integrative
case study that spans all chapters, focusing on the mining, production, cutting, distribution,
and marketing of diamonds in global supply chains.

MindTap

OUTCOME-DRIVEN DIGITAL RESOURCES PROPEL STUDENTS FROM
MEMORIZATION TO MASTERY. MindTap’s learning and teaching resources equip you
with complete ownership of your course. You can use these digital tools to challenge every
student, build their confidence and empower them with the knowledge and skills to succeed
in business today. MindTap includes all the resources that come with the textbook including
all Excel templates used for Solved Problem examples and associated end-of-chapter Excel
problems.

MindTap includes a variety of learning tools such as quizzes to check fundamental un-
derstanding, algorithmic problems with full solutions, feedback for practice, chapter review
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video summaries, problem walk-through videos that show step-by-step how to solve quan-
titative problems, and Excel-based problems that ask students to perform what-if analyses.
MindTap showcases Excel Online integration powered by Microsoft, which helps students
learn to be become better problem solvers using spreadsheets, while minimizing instructor
grading time. For more information about the MindTap courseware that accompanies this
text, please contact your Cengage learning consultant.

Instructor Resources

Many instructor resources are available on the instructor companion site, which can be found
and accessed at www.cengage.com/decisionsciences/collier/oscm/2e. The companion site
provides a detailed Instructor Manual-Solutions Manual for each chapter, with a brief
summary of chapter content, answers or suggested answers for all questions and problems,
and case solutions with tips for using the cases. (A separate document consolidates all case
solutions for the integrative case, Hudson Jewelers.) From the site, instructors also have
access to unprotected Excel templates, which may be used in class to help students un-
derstand the formulas and how they work, PowerPoint slides with a teaching outline that
incorporates exhibits to complement instructor lectures and slides that now are fully acces-
sible with alt-text descriptions included, a MindTap Educator Guide designed specifically
for this product, as well as downloadable Test Banks.

In addition to the companion site resources, another instructor resource available to
adopters is the Cognero Test Bank. Cengage testing powered by Cognero® is a flexible, on-
line system that allows you to author, edit, and manage test bank content from multiple Cen-
gage solutions, create multiple test versions in an instant, and deliver tests from your LMS,
your classroom, or wherever you would like (contact your Cengage sales representative for
more information).
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Operations Management

and Value Chains

Apple’s significant profit margins are in large part due to a focus on its global supply chain and
operational excellence.

Apple has mastered the art of blending physical goods
with services to create value for its customers. Think
iPod + iTunes, iPhone/iPad + apps, Apple stores +
Genius Bar; well, you get the picture. Managing all oper-
ations involved—ifrom the creation of goods and services
through their delivery to the customer and postsale
services—is one of Apple's core competencies.
“Operations expertise is as big an asset for Apple as
product innovation or marketing,” says Mike Fawkes, the
former supply chain chief at Hewlett-Packard. “They've

LEARNING OBJECTIVES

After studying this chapter,
you should be able to:

Explain the concept
and importance

of operations
management.

Describe what
operations managers do.

Explain the differences
between goods and
services.

Define the concept of
value and explain how
the value of goods
and services can be
enhanced.

Describe a customer
benefit package.

Explain the difference
between value chains
and supply chains, and
identify three general
types of processes in a
business.

@ Contrast the three
different frameworks for
describing value chains.

Summarize the historical
development of OM.

@ State the current and
future key challenges
facing OM.

taken operational excellence to a level never seen
before.”

Managers and engineers often work at global sup-
plier and manufacturer sites to refine their operations,
and designers work with suppliers to create new tooling
equipment. When the iPad 2 debuted, Apple employees
monitored every handoff point—suppliers, production,
loading dock, airport, truck depot, and distribution
center—to make sure each unit was accounted for and of
the highest quality.

CHAPTER 1: Operations Management and Value Chains 1
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2 PART ONE: Basic Concepts of OM and Value Chains

Apple’s retail stores give it a final operational advan- deployed and given approval to spend millions of dollars
tage. The company can track demand by the store and on extra equipment to undo the bottleneck. Apple's sig-
by the hour, and adjust production forecasts daily. If it nificant profit margins are in large part due to this focus
becomes clear that a given part will run out, teams are on its global supply chain and operational excellence.!

WHAT DO YOU THINK?

Cite some other examples in which digital content has been combined with a physical good. How does this change

the way companies must manage their operations?

11 Operations Management

Creating and delivering goods and services to customers depends on an effective system
of linked facilities and processes, and the ability to manage them effectively around the
world. Apple, for example, manages a large, global network of suppliers in countries
such as Malaysia and Indonesia, and factories in the United States, China, and other
countries to produce its physical goods, which must be coordinated with the develop-
ment and production of software and other digital content, retail sales, and service and
support. As the opening anecdote suggests, coordinating these goods-producing and
service-providing processes can be challenging. Operations management (OM) is the
science and art of ensuring that goods and services are created and delivered successfully to customers.
OM includes the design of goods, services, and the processes that create them; the day-
to-day management of those processes; and the continual improvement of these goods,
services, and processes.

The way in which goods and services, and the processes that create and support them,
are designed and managed can make the difference between a delightful or an unhappy
customer experience. That is what OM is all about! Operations management is the only
function by which managers can directly affect the value provided to all stakeholders—
customers, employees, investors, and society (See the box, “What Do Operations
Managers Do?”).

Why is OM important? To answer this, we might first ask the question: What makes a
company successful? In 1887, William Cooper Procter, grandson of the founder of Procter
& Gamble, told his employees, “The first job we have is to turn out quality merchandise
that consumers will buy and keep on buying. If we produce it efficiently and economically,
we will earn a profit, in which you will share.” Procter’s statement—which is still as relevant
today as it was over 100 years ago—addresses three issues that are at the core of operations
management: efficiency, cost, and quality. Efficiency (a measure of how well resources are
used in creating outputs), the cost of operations, and the quality of the goods and services that
create customer satisfaction all contribute to profitability and ultimately the long-run success
of a company. A company cannot be successful without people who understand how these
concepts relate to each other, which is the essence of OM, and who can apply OM principles
effectively in making decisions.
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What Do Operations Managers Do?

CHAPTER 1: Operations Management and Value Chains 3

Some key activities that operations managers perform include
the following:

Forecasting: predict the future demand for raw materials,
finished goods, and services.

Supply chain management: manage the flow of materials,
information, people, and money from suppliers to
customers.

Facility layout and design: determine the best configuration
of machines, storage, offices, and departments to provide
the highest levels of efficiency and customer satisfaction.

Technology selection: use technology to improve
productivity and respond faster to customers.

Quality management: ensure that goods, services, and
processes will meet customer expectations and requirements.

.

Purchasing: coordinate the acquisition of materials, supplies,
and services.

Resource and capacity management: ensure that the right
amount of resources (labor, equipment, materials, and
information) is available when needed.

Process design: select the right equipment, information, and
work methods to produce high-quality goods and services
efficiently.

Job design: decide the best way to assign people to work
tasks and job responsibilities.

Service encounter design: determine the best types of
interactions between service providers and customers, and
how to recover from service upsets.

Scheduling: determine when resources such as employees
and equipment should be assigned to work.

Sustainability: decide the best way to manage the risks
associated with products and operations to preserve
resources for future generations.

12 OM in the Workplace

Many people who are considered “operations managers” have titles such as chief operating
officer, hotel or restaurant manager, vice president of manufacturing, customer service man-
ager, plant manager, field service manager, or supply chain manager. The concepts and meth-
ods of OM can be used in any job, regardless of the functional area of business or industry, to
better create value for internal customers (within the organization) and for external customers
(outside the organization). OM principles are used in accounting, human resources manage-
ment, legal work, financial activities, marketing, environmental management, and every type
of service activity. Thus, everyone should understand OM and be able to apply its tools and
concepts. Following are some examples of how the authors’ former students (who were not
OM majors!) are using OM in their jobs.

After graduating from college, Shelly Decker and her sister embarked on an entre-
preneurial venture to manufacture and sell natural soaps and body products. Shelly was an
accounting and information systems major in college, but she was using OM skills every day:

Process design: When a new product was to be introduced, the best way to produce it
had to be determined. This involved charting the detailed steps needed to make the
product.

Inventory management: Inventory was tightly controlled to keep cost down and to
avoid production that wasn’t needed. Inventory was taken every four weeks and
adjusted in the inventory management system accordingly.
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4 PART ONE: Basic Concepts of OM and Value Chains

Scheduling: Production schedules were created to ensure that enough product was
available for both retail and wholesale customers, taking into account such factors as
current inventory and soap production capacity.

Quality management: Each product was inspected and had to conform to the high-
est quality standards. If a product did not conform to standards (e.g., wrong color,
improper packaging, improper labeling, improper weight, size, or shape), it was
removed from inventory to determine where the process broke down and to initiate
corrective action.

Without an understanding of OM, the company would never have gotten off the ground!

Tom James started as a senior software developer for a small software development com-
pany that creates sales proposal automation software. Tom uses OM skills in dealing with
quality and customer service issues related to the software products, and he is also extensively
involved in project management activities related to the development process, including iden-
tifying tasks, assigning developers to tasks, estimating the time and cost to complete projects,
and studying the variance between the estimated and actual time it took to complete the
project. He is also involved in continuous improvement projects; for example, he seeks to
reduce development time and increase the efficiency of the development team. Tom was an
information technology and management major in college.

United Performance Metals: The Life of an Operations Manager

United Performance Metals, formerly known as Ferguson Metals, located in Hamilton, Ohio, is a supplier of stainless steel and
high-temperature alloys for the specialty metal market. The company’s primary production operations include slitting coil stock
and cutting sheet steel to customer specifications with rapid turnaround times from order to delivery. With only 78 employees,
about half of whom are in operations, the director of operations and quality is involved in a variety of daily activities that draw
upon knowledge of not only OM and engineering, but also finance, accounting, organizational behavior, and other subjects.

He typically spends about 50 percent of his time working with foremen, supervisors, salespeople, and other staff discussing such
issues as whether or not the company has the capability to accomplish a specific customer request, as well as routine production,
quality, and shipping issues. The remainder of his time is spent investigating such issues as the technical feasibility and cost
implications of new capital equipment or changes to existing processes, trying to reduce costs, seeking and facilitating design
improvements on the shop floor, and motivating the workforce. The ability to understand customer needs, motivate employees,
work with other departments, and integrate processes and technology are skills that all operations managers need.

AP Images/Mark Duncan
Maskalin/Alamy Stock Photo
Olaf Doering/Alamy Stock Photo

Coiled steel awaiting processing. Slitting coils into finished strips. Some of Ferguson's finished products.
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Brooke Wilson began as a process manager for JPMorgan Chase in the credit card divi-
sion. After several years of working as an operations analyst, he was promoted to a production
supervisor position overseeing “plastic card production.” Among his OM-related activities are:

Planning and budgeting: Representing the plastic card production area in all meet-
ings, developing annual budgets and staffing plans, and watching technology that might
affect the production of plastic credit cards.

Inventory management: Overseeing the management of inventory for items such as
plastic blank cards; inserts such as advertisements; envelopes, postage, and credit card
rules and disclosure inserts.

Scheduling and capacity: Daily to annual scheduling of all resources (equipment, peo-
ple, and inventory) necessary to issue new credit cards and reissue cards that are up for
renewal, replace old or damaged cards, as well as cards that are stolen.

Quality: Embossing the card with accurate customer information and quickly getting
the card in the hands of the customer.

Brooke was an accounting major in college.

13 Understanding Goods and Services

Companies design, produce, and deliver a wide variety of goods and services that consumers
purchase. A good is a physical product that you can see, touch, or possibly consume. Examples of goods
include cell phones, appliances, food, flowers, soap, airplanes, furniture, coal, lumber, per-
sonal computers, paper, and industrial machines. A durable good is one that does not quickly wear
outand typically lasts at least three years. Vehicles, dishwashers, and furniture are some examples. A
nondurable good is one that is no longer useful once it's used, or lasts for less than three years. Examples
are toothpaste, software, clothing and shoes, and food. Goods-producing firms are found in
industries such as manufacturing, farming, forestry, mining, construction, and fishing.

A service is any primary or complementary activity that does not directly produce a physical product.
Services represent the nongoods part of a transaction between a buyer (customer) and a seller
(supplier).? Service-providing firms are found in industries such as banking, lodging, education,
health care, and government. The services they provide might be a mortgage loan, a comfort-
able and safe place to sleep, a college degree, a medical procedure, or police and fire protection.

Designing and managing operations in a goods-producing firm is quite different from that
in a service organization. Thus, it is important to understand the nature of goods and services,
and particularly the differences between them.

Goods and services share many similarities. They are driven by customers and provide
value and satisfaction to customers who purchase and use them. They can be standardized
for the mass market or customized to individual needs. They are created and provided to cus-
tomers by some type of process involving people and technology. Services that do not involve
significant interaction with customers (e.g., credit card processing) can be managed much
the same as goods in a factory, using proven principles of OM that have been refined over the
years. Nevertheless, some very significant differences exist between goods and services that
make the management of service-providing organizations different from goods-producing
organizations and create different demands on the operations function.?

1. Goods are tangible, whereas services are intangible. Goods are consumed, but
services are experienced. Goods-producing industries rely on machines and “hard
technology” to perform work. Goods can be moved, stored, and repaired, and generally
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6 PART ONE: Basic Concepts of OM and Value Chains

require physical skills and expertise during production. Customers can often try them
before buying. Services, on the other hand, make more use of information systems
and other “soft technology,” require strong behavioral skills, and are often difficult to
describe and demonstrate. A senior executive of the Hilton Corporation stated, “We

sell time. You can’t put a hotel room on the shelf.™

2. Customers participate in many service processes, activities, and transactions.
Many services require that the customer be present either physically, on a telephone,
or online for service to commence. In addition, the customer and service provider
often coproduce a service, meaning that they work together to create and simultane-
ously consume the service, as would be the case between a bank teller and a customer
to complete a financial transaction. The higher the customer participation, the more
uncertainty the firm has with respect to service time, capacity, scheduling, quality per-
formance, and operating cost.

A service encounter is an interaction between the customer and the service provider. Some
examples of service encounters are making a hotel reservation, asking a grocery store
employee where to find the pickles, or making a purchase on a website. Service
encounters consist of one or more
moments of truth—any episodes, trans-
actions, or experiences in which a customer

Customers J ud ge the comes into contact with any aspect of the

value of a service delivery system, however remote, and thereby
and form percept ions has an opportunity to form an impression.> A
thro U.gh service moment of truth might be a gracious

welcome by an employee at the hotel
check-in counter, a grocery store
employee who seems too impatient to

encounters.

help, or trying to navigate a confusing
website. Customers judge the value of a service and form perceptions through service
encounters. Therefore, employees who interact directly with customers or design ser-
vice processes need to understand the importance of service encounters.

3. The demand for services is more difficult to predict than the demand for
goods. Customer arrival rates and demand patterns for such service delivery systems
as banks, airlines, supermarkets, call centers, and courts are very difficult to forecast.
The demand for services is time-dependent, especially over the short term (by hour or
day). This places many pressures on service firm managers to adequately plan staffing
levels and capacity.

4. Services cannot be stored as physical inventory. In goods-producing firms,
inventory can be used to decouple customer demand from the production process or
between stages of the production process and ensure constant availability despite fluc-
tuations in demand. Service firms do not have physical inventory to absorb such fluc-
tuations in demand. For service delivery systems, availability depends on the system’s
capacity. For example, a hospital must have an adequate supply of beds for the purpose
of meeting unanticipated patient demand, and a float pool of nurses when things get
very busy. Once an airline seat, a hotel room, or an hour of a lawyer’s day are gone,
there is no way to recapture the lost revenue.

5. Service management skills are paramount to a successful service encounter.
Employees who interact with customers require service management skills such
as knowledge and technical expertise (operations), cross-selling other products
and services (marketing), and good human interaction skills (human resources).
Service management integrates marketing, human resources, and operations functions to plan,
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create, and deliver goods and services, and their associated service encounters. OM principles are

useful in designing service encounters and supporting marketing objectives.

6. Service facilities typically need to be in close proximity to the customer. When
customers must physically interact with a service facility—for example, post offices,

hotels, and branch banks—they must be in a location convenient to customers. A
manufacturing facility, on the other hand, can be located on the other side of the globe,
as long as goods are delivered to customers in a timely fashion. In today’s Internet age,

many services are only a few mouse clicks away.

1. Patents do not protect services. A patent on a physical good or software code can
provide protection from competitors. The intangible nature of a service makes it more

difficult to keep a competitor from copying a business concept, facility layout, or ser-

vice encounter design. For example, restaurant chains are quick to copy new menu
items or drive-through concepts.

These differences between goods and services have important implications to all areas of
an organization, and especially to operations. These are summarized in Exhibit 1.1. Some are

obvious, whereas others are more subtle. By understanding them, organizations can better

select the appropriate mix of goods and services to meet customer needs and create the most

effective operating systems to produce and deliver those goods and services.

EXHIBIT 1.1
OM Activity

Goods

How Goods and Services Affect Operations Management Activities

Services

Forecasting

Facility Location
Facility Layout and Design
Technology

Quality

Inventory/Capacity

Process Design

Job/Service Encounter Design

Scheduling

Supply Chain Management

Forecasts involve longer-term time horizons. Goods-
producing firms can use physical inventory as a buffer to
mitigate forecast errors. Forecasts can be aggregated over
larger time frames (e.g., months or weeks).

Goods-producing facilities can be located close to raw
materials, suppliers, labor, or customers/markets.

Factories and warehouses can be designed for efficiency
because few, if any, customers are present.

Goods-producing facilities use various types of automa-
tion to produce, package, and ship physical goods.

Goods-producing firms can define clear, physical, and
measurable quality standards and capture measurements
using various physical devices.

Goods-producing firms use physical inventory such as raw
materials and finished goods as a buffer for fluctuations in
demand.

Because customers have no participation or involvement
in goods-producing processes, the processes can be more
mechanistic and controllable.

Goods-producing employees require strong technical and
production skills.

Scheduling revolves around the movement and location

of materials, parts, and subassemblies and when to assign
resources (i.e., employees, equipment) to accomplish the

work most efficiently.

Goods-producing firms focus mainly on the physical flow
of goods, often in a global network, with the goal of maxi-
mizing customer satisfaction and profit, and minimizing
delivery time, costs, and environmental impact.

Forecast horizons generally are shorter, and forecasts are
more variable and time-dependent. Forecasting must
often be done on a daily or hourly basis, or sometimes
even more frequently.

Service facilities must be located close to customers/mar-
kets for convenience and speed of service.

The facility must be designed for good customer interac-
tion and movement through the facility and its processes.

Service facilities tend to rely more on information-based
hardware and software.

Quality measurements must account for customer’s per-
ception of service quality and often must be gathered
through surveys or personal contact.

Service capacity such as equipment or employees is the
substitute for physical inventory.

Customers usually participate extensively in service
creation and delivery (sometimes called coproduction),
requiring more flexibility and adaptation to special
circumstances.

Service employees need more behavioral and service
management skills.

Scheduling focuses on when to assign employees and
equipment (i.e,, service capacity) to accomplish the work
most efficiently without the benefit of physical inventory.

Service-providing firms focus mainly on the flow of peo-
ple, information, and services, often in a global network,
with the goal of maximizing customer satisfaction and
profit, and minimizing delivery time, costs, and environ-
mental impact.

A similar classification of OM activities in terms of high/low customer contact was first proposed in the classic article by R. B. Chase, “Where Does the Customer Fit in a Service
Operation?” (Harvard Business Review, November-December 1978, p. 139).
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14  The Concept of
Value

How to Increase Value?

To increase value, an organization must Today's consumers demand innovative

(a) increase perceived benefits while holding price or cost constant; products, high quality, quick response,
(b) increase perceived benefits while reducing price or cost; or impeccable service, and low prices; in
short, they want value in every purchase
or experience. One of the most important
points that we emphasize in this book
is that the underlying purpose of every

(c) decrease price or cost while holding perceived benefits constant.

In addition, proportional increases or decreases in perceived benefits as well
as price result in no net change in value. Management must determine how to
maximize value by designing processes and systems that create and deliver the

} : ) organization is to provide value to its cus-
appropriate goods and services customers want to use, pay for, and experience.

tomers and stakeholders.
. Value is the perception of the benefits
associated with a good, service, or bundle of
goods and services in relation to what buyers are willing to pay for them. The decision to purchase a
good or service or a customer benefit package is based on an assessment by the customer
of the perceived benefits in relation to its price. The customer’s cumulative judgment of the
perceived benefits leads to either satisfaction or dissatisfaction. One of the simplest functional
forms of value is:

Perceived benefits

Value = —
Price(cost)to the customer

If the value ratio is high, the good or service is perceived favorably by customers, and the
organization providing it is more likely to be successful.

The focus on value has forced many traditional goods-producing companies to add ser-
vices and, increasingly, digital content to complement their physical goods. A goods-producing
company can no longer be viewed as simply a factory that churns out physical goods, because
customer perceptions of goods are influenced highly by such facilitating services as financ-
ing and leasing, shipping and installation, maintenance and repair, and technical support and
consulting. Today we see digital content such as apps, streaming videos, and social networks
becoming vital to create customer value. Coordinating the operational capability to design
and deliver an integrated package of physical and digital goods and services is the essence of
operations management.

15 Customer Benefit Packages

“Bundling” goods, services, and digital content in a certain way to provide value to customers not
only enhances what customers receive, but can also differentiate the product from competitors.
Such a bundle is often called a customer benefit package. A customer benefit package (CBP)
is a clearly defined set of tangible (goods-content) and intangible (service-content) features that the customer
recognizes, pays for, uses, or experiences. The CBP is a way to conceptualize and visualize goods and
services by thinking broadly about how goods and services are bundled and configured together.

A CBP consists of a primary good or service coupled with peripheral goods and/or ser-
vices, and sometimes variants. A primary good or service is the “core” offering that attracts cus-
tomers and responds to their basic needs. For example, the primary service of a personal checking
account is convenient financial transactions. Peripheral goods or services are those that
are not essential to the primary good or service, but enhance it. A personal checking account might
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be supported and enhanced by such - g T AR AR TS

peripheral goods as a printed monthly
account statement, designer checks and
checkbooks, a special credit card, and
such peripheral services as a customer Peripheral goods —>
service hotline and online bill payment.
It is interesting to note that today, many

business-to-business manufacturers

Free
Credit
Reports

such as custom machining or metal fab-

ricators, think of their core offering as Primary Good

service—providing customized design Vehicle
assistance and ontime delivery—with
the actual good as peripheral. Finally, a
variant is a CBP feature that departs from the
standard CBP and is normally location or firm
specific.

A CBP can easily be expressed in a
graphical fashion, as shown in Exhibit
1.2. The CBP attributes and features
(described in the circles) are chosen by

Free
Gourmet
Coffee &
Tea

Financing
and

management to fulfill certain customer Each good or service

and leasing, which are peripheral services, in the customer
meet the customer’s wants and needs of benefit package
personal financial security. In fact, if two requires a process to
vehicles have similar prices and quality lev- create and deliver it

to customers.

wants and needs. For example, financing

els, then the leasing program may be the key
to which vehicle the customer buys. Vehicle
replacement parts, a peripheral good, meet
the customer’s wants and needs of fast service and safety. A variant might be a fishing pond
where kids can fish while parents shop for vehicles.

When defining a CBP, don’t confuse the features determined by management with
customers’ wants and needs. For example, if a customer need is to ensure the safety of their
valuables in a hotel, a CBP feature that management might select is a room safe. Thus,
you would not put “safety of valuables” on a CBP diagram, but rather “room safe.” A CBP
diagram should reflect on the features management selects to fulfill certain customer wants
and needs.

Finally, we may bundle a group of CBPs together. One example would be a combined
land-cruise vacation to Alaska, which might consist of a bundle of CBPs such as the travel
agency that books the package and optional land excursions from the ship; the land-tour
operator that handles hotels, transportation, and baggage handling; and the cruise line that
books air travel, and provides meals, and entertainment. Bundled CBPs raise some interest-
ing issues about pricing strategies and partnerships among firms. For example, a firm might
actually be able to charge a premium price for the bundled CBPs than if purchased separately,
or alliances between hotels and airlines provide discounted vacation packages that are less
expensive than if booked separately.

In most cases, many “goods” and “services” that we normally think of have a mixture
of both goods and service content. Exhibit 1.3 illustrates a continuum of goods and service
content with several examples. Toothpaste, for instance, is high in goods content, but when
you purchase it, you are also purchasing some services, such as a telephone call center to field
customer questions and complaints. Similarly, a bicycle might seem like a pure good, but it

Internet

Replacement
Parts

<—Variant

High
Speed

Leasing /«—— Peripheral services
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Biztainment— (Huh?)®

Why would someone pay, for example, to crush grapes with her feet? Might it be that the process
of doing this is as valuable to the customer as the outcome itself? Entertainment is the act of provid-
ing hospitality, escapism, fun, excitement, and/or relaxation to people as they go about their daily
work and personal activities. The addition of entertainment to an organization’s customer benefit
package provides unique opportunities for companies to increase customer satisfaction and grow
revenue. Biztainment is the practice of adding entertainment content to a bundle of goods and
services in order to gain competitive advantage. The old business model of just selling and servic-
ing a physical vehicle is gone. For example, a BMW automobile dealership in Fort Myers, Florida,
opened a new 52,000-square-foot facility that offers a putting green, private work areas, a movie
theater, wireless Internet access, massage chairs, a golf simulator, and a café, so that customers
have multiple entertainment options during their visits.

Biztainment can be applied in both manufacturing and service settings. Consider the following
examples:

Manufacturing—old and new factory tours, showrooms, customer training and education
courses, virtual tours, short films on how things are made, driving schools, history lessons on the
design and development of a physical good

Retail—on-line shopping with entertaining graphics (emoji), simulators, product demonstra-
tions, climbing walls, music, games, contests, holiday decorations and walk-around characters,
blogs, interactive store designs, aquariums, movie theaters, makeovers

Restaurants—toys, themes, electronic menus, contests, games, characters, playgrounds, live
music

Agriculture—pick-your-own food, mazes, make-your-own wine, grape-stomping, petting zoos,
farm tours

Lodging—Xkids’ spas, health clubs, casinos, cable television, arcades, massage, free on-line
games, arts and crafts classes, pools, family games, wildlife, miniature golf

« Telecommunications—text and video messaging with funny graphics (emoji), music and TV
downloads, cool ring tones, designer phones, cell phone apps

Some organizations that use entertainment as a means of enhancing the firm’s image and
increasing sales that you might be familiar with are the Hard Rock Café, Chuck E. Cheese, Benihana
of Tokyo restaurants, Verizon, and many others. The data show the value of biztainment. For exam-
ple, Build-A-Bear Workshop boasts an average of $600 per square foot in annual revenue, double
the U.S. mall average.

often includes such services as safety instruction and maintenance. At the other extreme
in Exhibit 1.3 are psychiatric services, which are much higher in service content but might
include goods such as a bill, books, and medical brochures that support the service. Attending
a symphony, play, or movie is essentially a pure service but may include program brochures
and ticket stubs that offer discounts at local restaurants as peripheral goods.

Today, we are seeing more digital content being bundled with both goods and services.
For example, General Electric manufactures locomotives and jet engines, yet their future is
intelligent machines that make smart operating decisions and monitor themselves for main-
tenance and repair. Netflix sells digital content in the form of movies, and television shows
and series. iTunes sells music.
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People usually think that when they buy a new car,
they are simply purchasing the vehicle. Far from it.
Most automobiles, for example, bundle a good, the
automobile, with many peripheral services. Such
services might include the sales process, custom-
ized leasing, insurance, warranty programs, loaner
cars when a major service or repair is needed, free
car washes at the dealership, opportunities to
attend a manufacturer’s driving school, monthly
newsletters sent by e-mail, and Web-based sched-
uling of oil changes and other service require-
ments. Such bundling is described by the customer

benefit package framework.”

EXHIBIT 1.3  Examples of Goods and Service Content
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Car

16 Value Chains

Gajus/Shutterstock.com

A value chain is a network of facilities and processes that describes the flow of materials, finished goods,
services, information, and financial transactions from suppliers, through the facilities and processes that create
goods and services, and those that deliver them to the customer. Value chains involve all major functions

in an organization. This includes not only operations but also purchasing, marketing and sales,

Medicine

Prescription Fast-Food
Restaurant Symphony, Play,
and Movie
Toothpaste C?mput?r Automobile .
Automobile Diagnosis (P — Psychiatric
and Repair . Sessio
Brakes and 2 Leasing on
Mufflers
Bicycle College
< >
High Goods Low Goods
Content Content
(Tangible) (Intangible)
(Pure Goods) (Pure Service)

human resource manage-
ment, finance and account-
ing, information systems
and technology, distribution,
and service and support. A
supply chain is the portion
of the value chain that focuses
primarily on the physical move-
ment of goods and materials,
and supporting flows of informa-
tion and financial transactions
through the supply, production,
and distribution processes. We
will focus on supply chains
in Chapters 6 and 12.

Many organizations use
the terms “value chain” and
“supply chain” interchange-
ably; however, we differ-
entiate these two terms in
this book. A value chain is
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broader in scope than a supply chain and is easier to apply to service-providing organizations
as well as to goods-producing firms, as we shall see later in this chapter.

It is important for you to understand how operations management influences the design
and management of value chains. Today’s organizations face difficult decisions in balancing
cost, quality, service, and sustainability objectives to create value for their customers and
stakeholders, and in coordinating the many activities that take place within value chains. Mod-
ern firms increasingly deliver goods and services to multiple markets and operate in a global
business environment. As a result, many companies have reconfigured their value chains and
moved some operations out of the United States to keep costs competitive, remain profit-
able, and improve customer service. As one chief financial officer wrote in a CFO Magazine
survey, “You cannot compete globally unless you use global resources.” Thus, we emphasize
the importance of understanding the global business environment and local culture, and their
impact on value chain design and operations.

1-6a Processes

Each good or service in the customer benefit package requires a process to create and deliver
it to customers. A process is a sequence of activities that is intended to create a certain result, such as
a physical good, a service, or information. A practical definition, according to AT&T, is that
a process is how work creates value for customers.” Processes are the means by which goods
and services are produced and delivered. For example, a car wash process might consist of the
following steps: check the car in, perform the wash, inspect the results, notify the customer
that the car is finished, quickly deliver the car back to the customer, and collect payment.
In designing such a process, operations managers need to consider the process goals, such
as speed of service, a clean car, no vehicle damage, and the quality of all service encounters.
OM managers would ask questions such as: Should the car be cleaned inside as well as out-
side? How long should a customer expect to wait? What types of chemicals should be used
to clean the car? What training should the employees who wash the cars and interact with
the customer have?
Key processes in business typically include:

1. Value-creation (core) processes focused on producing or delivering an organization’s
primary goods or services that create value for customers, such as filling and shipping a
customer’s order, assembling a dishwasher, or providing a home mortgage.

2. Support processes such as purchasing materials and supplies used in manufacturing,
managing inventory, installation, health benefits, technology acquisition, day care on-
site services, and research and development.

3. General management processes, including accounting and information systems,
human resource management, and marketing.

It is important to realize that nearly every major activity within an organization
involves a process that crosses traditional organizational boundaries. For example, an
order fulfillment process might involve a sales-person placing the order; a marketing
representative entering it on the company’s computer system; a credit check by finance;
picking, packaging, and shipping by distribution and logistics personnel; invoicing by
finance; and installation by field service engineers. Thus, a process does not necessar-
ily reside within a department or traditional management function. Exhibit 1.4 shows
how value-creation processes ensure that customer wants and needs lead to customer
perceived benefits. General management and support processes coordinate and support
value creation and delivery.
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EXHIBIT 1.4  How Primary, Support, Supplier, and Management Processes Are Related

General
Management
Processes

Value-Creation Process

Customer Customer
Wants & Value-Creation Process Perceived
Needs Benefits

Value-Creation Process

Support
Processes

17 Value Chain Frameworks

We will describe a value chain from three different perspectives: an input-output frame-
work, a preproduction and postproduction services framework, and a hierarchical supply

chain perspective.

1-7a Value Chains: An Input-Output Framework

As shown in Exhibit 1.5, a value chain can be depicted as a “cradle-to-grave” input-output
model of the operations function. The value chain begins with suppliers who provide inputs
to a goods- or service-providing process or network of processes. Suppliers might be retail

EXHIBIT 1.5  An Input-Output Framework of a Value Chain

Support and General Management Processes

Inputs Value-creation
Processes

Goods and
* People Services Postsale

Suppliers >| e Information A Outputs and Services
* Physical goods -—A—‘ Outcomes

Land, Labor, Capital, and Information
Resources

Measurement and Feedback
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stores, distributors, employment agencies, dealers, financing and leasing agents, information
and Internet companies, field maintenance and repair services, architectural and engineer-
ing design firms, and contractors, as well as manufacturers of materials and components.
The inputs they provide might be physical goods such as automobile engines or micropro-
cessors provided to an assembly plant; meat, fish, and vegetables provided to a restaurant;
trained employees provided to organizations by universities and technical schools; or infor-
mation such as market research or a medical diagnosis.

Inputs are transformed into value-added goods and services through processes that
are supported by such resources as equipment and facilities, labor, money, and informa-
tion. Note that what is being transformed can be almost anything—for instance, people in
a hospital, a physical good in an oil refinery, information in an e-publishing business, or a
mixture of people, physical goods, and information. Value chain processes include the three
types we defined: value-creation processes (those that directly create and deliver goods and
services), support processes (those “behind the scenes,” but which support core processes),
and general management processes (those that are needed for efficient and effective busi-
ness performance). At a hospital, for example, value creation processes such as surgery and
drug administration are used to transform sick people into healthy ones, whereas support
processes such as lab testing and purchasing help to ensure that surgery and drug admin-
istration accomplish their goals. Finally, the value chain outputs—goods and services—are
delivered or provided to customers and targeted market segments. Some examples of value
chains that illustrate the elements in Exhibit 1.5 are shown in Exhibit 1.6. The success of
the entire value chain depends on how it is designed and managed. This includes measuring
performance (which will be addressed in Chapter 2) and using the feedback from measure-
ments to improve all aspects of the value chain.

EXHIBIT 1.6 Examples of Goods and Service-Providing Value Chains

Organization

Value-creation Customers and

Auto assembly plant

Hospital

State Government

Suppliers Inputs Process Outputs Market Segments
Engine plant Labor Welding Automobiles Economy

Tires Energy Machining Trucks Luxury

Frame Auto parts Assembly Rental

Axles Specifications Painting Trucking

Paint Ambulance

Seats Police

Pharmaceutical companies Patients Admissions Healthy people Heart clinics
Equipment suppliers Beds Lab testing Lab results Pediatrics

Food suppliers Staff Doctor diagnosis Accurate bills Emergency and trauma
Organ donors Drugs Food service Community health services

Medical suppliers

Highway and building
contractors
Employment agencies
Food suppliers
Equipment suppliers
Other governments

Diagnostic equipment ~ Surgery education Ambulatory services
Knowledge Schedules Medical specialties and
Drug administration hospital wards
Rehabilitation
Labor Health care benefits  Good use of taxpayers’ Disabled people
Energy Food stamps monies Low-income people
Information Legal services Safety net Criminals and prisons
Trash Prisons Security Corporate taxes
Crimes Trash removal Reallocate taxes Boat licenses
Disputes Park services Clean, safe, and fun parks = Byilding inspections
Sick people License services Weekend vacationers

Low- income people

Police services
Tax services

Child custody services
Legal court services
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1-7b The Value Chain at Buhrke Industries Inc.

To illustrate the input-output perspective of a value chain, we highlight Buhrke Industries
Inc., located in Arlington Heights, Illinois, which provides stamped metal parts to many
industries, including automotive, appliance, computer, electronics, hardware, housewares,
power tools, medical, and telecommunications. A simplified view of Buhrke’s value chain is
shown in Exhibit 1.7.

Buhrke’s objective is to be a customer’s best total value producer with on-time delivery,
fewer rejects, and high-quality stampings. However, the company goes beyond manufacturing
goods; it prides itself in providing the best service available as part of its customer value chain.
Service is more than delivering a product on time. It’s also partnering with customers by provid-
ing personalized service for fast, accurate response; customized engineering designs to meet
customer needs; preventive maintenance systems to ensure high machine uptime; experienced,
highly trained, long-term employees; and troubleshooting by a knowledgeable sales staff.

Suppliers and other value chain inputs include people, information, and physical goods—
for example, engineering blueprints and specifications, rolled steel, factory equipment and
lubricants, pallets and boxes, employment agencies, inbound shipping, and outside training
and industrial marketing firms. Value-creation processes include tooling, inspection, produc-
tion, finishing, and sometimes assembly into a complete subassembly. Outputs include the
stamped metal parts and postsale service outcomes such as out-in-the-field consulting and
troubleshooting by company employees. General management processes coordinate pro-
cesses, often in different functional areas, while support processes include hiring, medical
benefits, and accounting. As many as 100 processes are required for Buhrke to perform its
work and create value for its customers.

The major stages of Buhrke’s value chain, shown in Exhibit 1.7, begin with a customer
request for a quotation. The estimating department processes such job parameters as speci-
fications, metals, finishing or packaging services, the presses that will be used to run the job,
and customer deadlines in developing a quote. Next, a sales engineer is assigned to monitor
each stamping job from start to finish, so the customer may have the convenience of a single
point of contact. Sales engineers work closely with the engineering staff to convey customer

EXHIBIT 1.7 The Value Chain at Buhrke Industries

Estimating —— Sales —_— - —>  Tooling ——

Assembly

Inspection ——> Production ——  Finishing ——

Packaging

Final Audit

Inspection —>  Shipping
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needs. Engineers then design the best tooling for the job, using computer-assisted design
processes to ensure precise designs and timely completion. After a tool is designed and built,
it is maintained in an on-site tool room. Buhrke’s toolmakers have decades of experience
constructing tools for metal stamping, and they are put on a strict maintenance regimen to
ensure long life and consistent stampings.

Production of the metal parts is accomplished on a full range of presses, from 15 to 200
tons, with speeds of up to 1,500 parts per minute. Inspection of raw materials (inputs), work-
in-process, and finished products (outputs) helps ensure zero defects. The company provides
a full range of secondary and finishing operations, from heat-treating to powder coating to
tapping, and to add value to customers. Customers do not need to ship stampings elsewhere
or arrange for another service provider to finish the job.

At the customer’s request, Buhrke will assemble the stampings with other components to
deliver a complete subassembly. Buhrke will even procure parts for assembly, such as plastics
that the company does not manufacture. Buhrke is also able to package finished stampings
or subassemblies. Before stampings are boxed up and shipped (and even after the incoming
inspection and in-process audits), Buhrke provides a final audit inspection. Finally, Buhrke
offers the convenience of shipping the finished product where and when customers want. For
further information and video tours of the plant, visit www.buhrke.com.

1-7c Value Chains: Preproduction and Postproduction Services
Framework

A second view of the value chain can be described from the preservice and postproduction
services framework as shown in Exhibit 1.8. Preproduction and postproduction services com-
plete the ownership cycle for the good or service. Preproduction services include customized
and team-oriented product design, consulting services, contract negotiations, product and
service guarantees, customer financing to help purchase the product, training customers to
use and maintain the product, purchasing and supplier services, and other types of front-end
services. The focus here is on “gaining a customer.”

EXHIBIT 1.8  Preproduction and Postproduction View of the Value Chain

“

Gaining a Customer Value Creation Keeping the Customer

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

Postproduction Services

e Servicing loans/financing

e Installation, maintenance, and
field repair services

* Transportation services

* Warranty/claims services

e Training services

* Postsale visits and services

e Consulting and technical services

* Recycle and remanufacture

* Warehouse/inventory management

Measurement and Feedback
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Postproduction services include on-site installation or application services, maintenance
and repair in the field, servicing loans and financing, warranty and claim services, warehouse
and inventory management for the company and sometimes for its customers, training,
telephone service centers, transportation delivery services, postsale visits to the customer’s
facility by knowledgeable sales and technical-support people, recycling and remanufactur-
ing initiatives, and other back-end services. The focus here is on “keeping the customer.”

This view of the value chain emphasizes the notion that service is a critical component
of traditional manufacturing processes. Preproduction services for Ford Motor Company
include engineering design, supplier, sales, and leasing processes, and postproduction services
include financing, maintenance and repair, warranty and claims, and customer education and
training programs. Service is a key differentiating factor in the eyes of customers for many
manufacturing firms. Ford Motor Company is continuing to develop a competitive strategy
where service is at the core of their global strategy. Note that the Buhrke Industries Inc. value
chain can also be defined using the preservice and postservice perspectives.

Both perspectives enhance management’s understanding of where and how they create
value for customers. Automobile companies such as Ford Motor Company might use the
preservice and postservice model to highlight service processes, and associated customer
service encounters and experiences.

1-7d The Value Chain at Amazon

To illustrate this perspective of a value chain, we highlight Amazon.

Amazon.com, started in 1995 as an online bookstore, has evolved into the world’s largest
seller of a wide variety of products. It provides customer value by focusing on the complete
customer experience that begins when a customer visits its website and continues through
ongoing customer relationship management activities long after an individual order is processed.
Exhibit 1.9 depicts Amazon’s value chain from the perspective of the model shown in Exhibit 1.8.

Preproduction services that focus on gaining a customer include:

Product variety—Amazon sells pretty much everything that you can imagine. Amazon
manufactures its own products and services, such as the Kindle e-book reader and the
Kindle Store. Amazon’s virtual storefront provides much greater product selection than
can be found in a typical “bricks-and-mortar” store.

EXHIBIT 1.9 A Value Chain Model of Amazon

Gaining a Customer Value Creation Keeping the Customer

Postproduction Services

e Order tracking

o Customer service and returns
* Product suggestions

e Customer loyalty

e Payment management

Measurement and Feedback
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Amazon.com website—Amazon’s website facilitates the customer experience. Custom-
ers can conveniently shop by department, search products, see new releases, peruse
their browsing history, access account information, manage orders and credit cards, and
so on. From an efficiency perspective, order entry uses customer labor!

Low prices—Amazon strives to offer the lowest prices possible. It does this through
operations and supply chain management—continually improving efficiencies and
leveraging economies of scale.

Seller and distributor partnerships—Amazon partners with third-party sellers who
would ordinarily be competitors, thus expanding its offerings and providing competitive
prices and services to its customers. Amazon also partners with third-party transporta-
tion firms such as UPS and FedEx to deliver orders to customers.

Amazon creates and delivers value to customers through a set of key value-creation

processes and location decisions. These include:

Order fulfillment—Amazon’s fulfillment centers are designed for efficient order pick-
ing and packaging, using information technology, bar code sorting, and order-matching
processes to ensure accuracy. Its information system stores the locations of individual
products and creates routes for order pickers.

Distribution center location—Amazon has fulfillment centers close to major metropoli-
tan markets. Being closer to customers not only provides faster service (e.g., same-day
delivery) but also reduces transportation costs.

Shipping options—Amazon offers free shipping for many orders over $35. Custom-
ers can split orders for faster service. For a fixed annual fee, Amazon Prime provides
unlimited two-day shipping and optional next-day delivery for an additional, low price.
Customer pickup locations—Amazon has opened pickup points at numerous locations
such as college campuses (the first was opened at Purdue University) to make it easier
for customers to receive products at a secure location and at times that are convenient.

Seller support—Sellers are an important customer group. Amazon Services launched
a new version of Amazon WebStore (http://Avebstore.amazon.com), providing
business customers with tools to easily design, build, and manage their multichannel,
e-commerce businesses using Amazon’s technology.

Postproduction services, which focus on keeping the customer include:

Order tracking—Amazon sends e-mail updates to inform customers when products
ship. Through its website, customers can view current and past orders.

Customer service and returns—New, unopened items can be returned within 30 days.
Damaged or defective items will be replaced or exchanged.

Amazon provides return labels and authorization forms that can be printed.

Product suggestions—Amazon provides customized featured recommendations based
on past orders and searches on its website and via e-mail. Items can be saved on a
“Wish List” for future reference.

Customer loyalty—Amazon Prime members receive free movies and a lending library
for e-books. Prime members typically spend more than other customers; this feature
helps develop customer loyalty.

Payment management—Customers can easily manage credit and gift cards and can
store their shipping and credit card information and order goods with just one click.

As we see, the value chain for Amazon includes many features and services that extend

far beyond a physical-goods-focused value chain paradigm.
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1-7e Value Chains: Hierarchical Supply Chain Framework

Supply chains are the foundation of most value chains. For example, Hewlett-Packard (HP)
ships thousands of computers and peripherals daily and spends some $50 billion, or about
64 percent of its revenue, on supply chain activities. Supply chain optimization “has a direct
impact on customer satisfaction, stock price and profitability,” says an HP senior vice presi-
dent of supply chain."

The basic purpose of a supply chain is to coordinate the flow of materials, services, and
information among the elements of the supply chain to maximize customer value. The key
functions generally include purchasing and procurement of materials and supplies, sales and
order processing, operations, inventory and materials management, transportation and dis-
tribution, information management, finance, and customer service.

A goods-producing supply chain generally consists of suppliers, manufacturers, distribu-
tors, retailers, and customers arranged in a hierarchical structure, as illustrated in Exhibit 1.10.
Raw materials and components are ordered from suppliers and must be transported to manu-
facturing facilities for production and assembly into finished goods. Finished goods are shipped
to distributors who operate distribution centers.

Distribution centers (DCs) are warehouses that act as intermediaries between factories and
customers, shipping directly to customers or to retail stores where products are made available to custom-
ers. At each factory, distribution center, and retail store, inventory generally is maintained
to improve the ability to meet demand quickly. Inventory refers to raw materials, work-
in-process, or finished goods that are maintained to support production or satisfy customer demand.

EXHIBIT 1.10  Typical Goods-Producing Supply Chain Structure

Retail store

Finished goods
inventory

Transportation of
materials and goods

Orders, information,
and financial transactions
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HP ships computers, peripherals, and supplies each
day, with more than 60 percent of its revenue spent

on supply chain activities.

As inventory levels diminish, orders are sent to the previous
stage upstream in the process for replenishing stock. Orders are
passed up the supply chain, fulfilled at each stage, and shipped
to the next stage.

Not all supply chains have each of the stages illustrated in
Exhibit 1.10. A simple supply chain might be one that supplies fresh
fish at a Boston restaurant. Being close to the suppliers (fisherman),
the restaurateur might purchase fish directly from them daily and cut
and fillet the fish directly at the restaurant. A slightly more complex
supply chain for a restaurant in the Midwest might include process-
ing and packaging by a seafood wholesaler and air transportation and
delivery to the restaurant. For consumers who want to buy fish from
a grocery store, the supply chain is more complex and would include
wholesale delivery and storage by the retailer.

1-8  OM: A History of Change and Challenge

In the last century, operations management has undergone more changes than any other
functional area of business and is the most important factor in competitiveness. That is one of
the reasons why every business student needs a basic understanding of the field. Exhibit 1.11

EXHIBIT 1.11  Seven Major Eras of Operations Management

Focus on cost and
efficiency
Focus on quality
Focus on service
and value
Focus on
sustainability
Focus on analytics
and big data
1960s 1970s 1980s 1990s 2000s 2010s 2020s
COST MINIMIZATION. ... e e e SUSTAINADITY
Mass production Mass customization
Manufacturing-based teChNOIOgY.........cooiii e Information-based technology
FOCUS ON QOOAS. ... ot FOCUS ON Value and service

Local markets...

. Global Markets
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is a chronology of major themes that have changed the scope and direction of operations
management over the last half century. To better understand the challenges facing modern
business and the role of OM in meeting them, let us briefly trace the history and evolution of
these themes.

1-8a A Focus on Efficiency

During the Industrial Revolution, many inventions came into being that allowed goods to be
manufactured with greater ease and speed, and led to the development of modern factories.
In the 1940s, Toyota developed new ways of creating manufacturing efficiencies, which we
study in Chapter 17. The development of computers and other forms of technology during
the last 50 years has revolutionized operations.

1-8b The Quality Revolution

After World War II, Japanese companies embarked on a massive effort to train the workforce,
using statistical tools developed at Western Electric and other innovative management tools
to identify causes of quality problems and fix them. By the mid-1970s, the world discovered
that Japanese goods had fewer defects, were more reliable, and better met consumer needs
than did American goods. As a result, Japanese firms captured major shares of world markets
in many different industries such as automobiles and electronics. Thereafter, quality became
an obsession with top managers of nearly every major company and continues to be so today.
In 1987, the U.S. government established the Malcolm Baldrige Award to focus national atten-
tion on quality.

1-8c Customization and Design

As the goals of low cost and high product quality became “givens,” companies began to
emphasize innovative designs and product features to gain a competitive edge. Inflexible
mass-production methods that produced high volumes of standardized goods and services
using unskilled or semiskilled workers and expensive, single-purpose equipment, though very
efficient and cost-effective, were inadequate for the new goals of increased goods and ser-
vice variety and continual product improvement. New types of operating systems emerged
that enabled companies to manufacture goods and services better, cheaper, and faster than
their competitors, while facilitating innovation and increasing variety.

1-8d Time-Based Competition

As information technology matured, time became an important source of competitive advan-
tage. Quick response is achieved by continually improving and reengineering processes—that
is, fundamentally rethinking and redesigning processes to achieve dramatic improvements in
cost, quality, speed, and service. That task includes developing products faster than competi-
tors, speeding ordering and delivering processes, rapidly responding to changes in customers’
needs, and improving the flow of paperwork.

1-8e The Service Revolution

In 1955, about 50 percent of the U.S. workforce was employed in goods-producing industries
and 50 percent in service-providing industries. Today, about four of every five U.S. jobs are
in services, as summarized in Exhibit 1.12.

In addition, estimates are that at least 50 percent of the jobs in goods-producing industries
are service- and information-related, such as human resources management, accounting, financial,
legal, advertising, purchasing, engineering, and so on. Thus, today, about 90 percent of the jobs in
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EXHIBIT 1.12  U.S. Employment hy Economic Sector

2022 (projected)
Goods, excluding agriculture 12.6% 12.1%
Services 79.9% 80.9%
Agriculture, forestry, fishing, and hunting 1.5% 1.2%
Nonagriculture self-employed, and unpaid family workers 6.0% 5.8%

Source: U.S. Bureau of Labor Statistics.

the U.S. economy are in service-providing processes. This means that if you are employed in the
United States, you will most likely work in a service- or information-related field.

1-8f Sustainability

In today’s world, sustainability has become one of the most important issues that organiza-
tions face. Sustainability refers to an organization’s ability to strategically address current business needs
and successfully develop a long-term strategy that embraces opportunities and manages risk for all products,
systems, supply chains, and processes to preserve resources for future generations. Sustainability can be
viewed from three perspectives: environmental, social, and economic.

Environmental sustainability is an organization’s commitment to the long-term quality of our
environment. Environmental sustainability is important because environmental concerns
are placing increased pressure on all goods and service-providing organizations across

the globe.

Social sustainability is an organization’s commitment to maintain healthy communities and a
society that improves the quality of life. Social sustainability is important because every orga-
nization must protect the health and well-being of all stakeholders and their respective
communities, treat all stakeholders fairly, and provide them with essential services.

Economic sustainability is an organization’s commitment to address current business needs and
economic vitality, and to have the agility and strategic management to prepare successfully for future
business, markets, and operating environments. Economic sustainability is important because
staying in business for the long term, expanding markets, and providing jobs are vital to
national economies.

These three dimensions of sustainability are often referred to as the “triple bottom line.”
Sustainability represents a broad and, to many, a new paradigm for organizational perfor-
mance. Not only do sustainability practices lead to better public perception, they can improve
productivity, eliminate waste, and help organizations become more competitive. OM plays
a vital role in helping organizations accomplish these goals. Exhibit 1.13 provides examples
of business practices that support these three dimensions. We will discuss the role of OM in
achieving sustainability throughout the book.

1-8g Analytics and Big Data

Today, all organizations have access to an enormous amount of data and information. In
OM, data are used to evaluate operations performance, quality, order accuracy, customer
satisfaction, delivery, cost, environmental compliance, and many other areas of the business.
Leveraging such data is fast becoming a necessity in creating competitive advantage. A new
discipline has emerged in recent years called business analytics. Business analytics is a pro-
cess of transforming data into actions through analysis and insights in the context of organizational decision
making and problem solving.* Business analytics is used to understand past and current perfor-
mance (descriptive analytics), predict the future by detecting patterns and relationships in
data (predictive analytics), and identify the best decisions (prescriptive analytics).
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EXHIBIT 1.13  Examples of Sustainability Practices

Environmental Sustainability

- Waste management: Reduce waste and manage recycling efforts

- Energy optimization: Reduce consumption during peak energy demand times

- Transportation optimization: Design efficient vehicles and routes to save fuel

- Technology upgrades: Develop improvements to save energy and clean and reuse water in manufacturing processes
- Air quality: Reduce greenhouse gas emissions

- Sustainable product design: Design goods whose parts can be recycled or safely disposed of

Social Sustainability

- Product safety: Ensure consumer safety in using goods and services

- Workforce health and safety: Ensure a healthy and safe work environment

- Ethics and governance: Ensure compliance with legal and regulatory requirements and transparency in management decisions
- Community: Improve the quality of life through industry-community partnerships

Economic Sustainability

- Performance excellence: Build a high-performing organization with a capable leadership and workforce

- Financial management: Make sound financial plans to ensure long-term organizational survival

- Resource management: Acquire and manage all resources effectively and efficiently

- Emergency preparedness: Have plans in place for business, environmental, and social emergencies

We will introduce and use various analytical techniques throughout this book.
Supplements A-G at the end of this book provide introductions to the following topics:

Probability and statistics (Supplement A)

Decision Analysis (Supplement B)

Break-Even Analysis (Supplement C)

Linear Optimization (Supplement D)

The Transportation and Assignment Models (Supplement E)
Queueing Models (Supplement F)

Simulation (Supplement G)

In addition, a unique set of Microsoft Excel spreadsheet templates that we will present
throughout the text to facilitate the use of analytic techniques is available in MindTap.
Exhibit 1.14 summarizes where the templates are used.

You have undoubtedly heard the term “big data.” Big data refers to massive amounts of
business data from a wide variety of sources, much of which is available in real time. A study
by the McKinsey Global Institute noted that, “The effective use of big data has the potential
to transform economies, delivering a new wave of productivity growth and consumer surplus.
Using big data will become a key basis of competition for existing companies, and will create new
competitors who are able to attract employees that have the critical skills for a big data world.”2

Big data helps retailers make optimum inventory decisions to ensure that their ware-
houses are stocked with the right products at the right time. Data such as social media trends,
purchasing patterns, and market changes help predict what products need to be stocked and
where. Big data, such as weather and traffic data, also helps supply chains to improve routing
and delivery decisions. Big data also helps improve manufacturing, process flow, quality, and
preventive maintenance.

For services, big data is analyzed, for example, to create a custom ad focused on an indi-
vidual’s behavior and preferences. Big data analytics also supports service businesses such
as virtual banking, remote medical diagnosis by artificial intelligence, self-driving vehicles,
virtual movie actors, and National Basketball Association player and team performance. These
systems are evolving at an exponential pace and transforming goods-producing and service-
providing industries.
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EXHIBIT 1.14  Summary of Excel Spreadsheet Templates Available in MindTap

Template

Statistical Analysis
VLC

Decision Analysis
Break-Even

Taguchi

Systems Reliability
Location Analysis
Center of Gravity
Little's Law

Work Measurement
Learning Curve
Moving Average
Exponential Smoothing
Work Order Capacity
Service Capacity
Single Server Queue
Multiple Server Queue
Queue Simulation
ABC

EOQ

Quantity Discount
FQS Safety Stock

FPS Safety Stock
Single-Period Inventory

Inventory Simulation
Total Supply Chain Cost
Agg. Plan-Level
Agg. Plan-Chase
Aggregate Planning
Sequencing

Six Sigma

Pareto

x-Bar and R-Chart
p-Chart

cChart

Process Capability
Gantt Chart

Chapter References Description

2 Computes basic statistical measures and a frequency distribution and histogram
2 Computes the value of a loyal customer (VLC)
4 Computes classic decision strategies with and without probabilities
4,7 Computes a break-even point and optimal outsourcing decision
5 Computes the Taguchi loss function and economic tolerance
5 Computes reliabilities of series and parallel systems
6 Computes total costs to determine least-cost location for production
6 Finds and plots the center of gravity
7 Computes flowtime, throughput, or work-in-process using Little's Law
8 Computes normal and standard times for work measurement studies
8 Computes and charts the time to produce the first 100 units for a learning curve
9 Calculates and plots moving average forecasts

9 Calculates and plots exponential smoothing forecasts

10 Computes capacity requirements for multiple work orders

10 Uses capacity measurement equation to compute capacity, service rate, or number of servers

" Calculates measures for a single server queueing model

1 Calculates measures for a multiple server queueing model

1 Performs a single server queueing simulation for discrete arrival and service time distributions

12 Conducts ABC inventory analysis

12 Finds the economic order quantity and plots the cost functions

12 Computes optimal order size for a quantity discount inventory model

12 Computes safety stock and reorder point for fixed-quantity inventory systems

12 Computes safety stock and reorder point for fixed-period inventory systems

12 Finds the optimal ordering quantity for a single-period inventory systems with uniform or normal
demand

12 Simulates a fixed quantity inventory situation

13 Evaluates total supply chain costs for supplier selection decisions

14 Evaluates aggregate planning using a level production strategy

14 Evaluates aggregate planning using a chase production strategy

14 General template for Aggregate Planning to seek minimum cost strategies using trial-and-error

15 Computes flowtime, lateness, and tardiness for job sequencing problems

16 Computes DPU, DPMO, and sigma level

16 Finds and plots a Pareto distribution

17 Plots an x-bar and R-chart for quality control

17 Plots a p-chart for quality control

17 Plots a c-chart for quality control

17 Computes process capability measures and a frequency distribution and histogram

18 Creates a visual chart depicting the schedule for a project

19 Current and Future Challenges

OM is continually changing, and all managers need to stay abreast of the challenges that will
define the future workplace. Here are some issues facing contemporary OM:

Customers. Consumers demand an increasing variety of high-quality goods with new
and improved features that are delivered faster than ever—along with outstanding
service and support. Being first to market means more now than ever before, and OM
plays a vital role.

Technology. Technology continues to evolve at a rapid pace. Applications in design and
manufacturing as well as the use of information technology in services have provided
the ability to develop innovative products and services and more effectively manage
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and control extremely complex operations. Future transformative technologies, such
as artificial intelligence, 3-D metal printing, the Internet of Things, nanotechnology,
smart cities, genetic design, quantum computing, and others, are forthcoming. OM
needs to continue to leverage and exploit these technology advances.

Workforce. Today’s workforce requires new skills, continual learning, more diversity,
and better management. These tasks often fall on the shoulders of operations manag-
ers. Organizations will need to become more flexible with how and where their work-
forces operate in global value chains.

Globalization. Globalization no longer means just an opportunity for organizations

to enter new markets. We now live in an era of the “borderless marketplace.”

Today, firms have to contend with a growing number of competitors and sources of
lower-cost labor. For example, labor costs are far cheaper outside the United States
(where manufacturing labor averages about $40 per hour); in Asia, Mexico, and South
America, labor costs range from $3 to $10 per hour. In addition, managing operations
in countries with vastly different cultures can be problematic.

Sustainability. Performance in global operations and supply chains use to mean a focus
on cost, quality, and time. Today, sustainability is a fourth major performance area.
Global sourcing managers, for example, must qualify suppliers on at least these four
performance areas. A global supplier that is best at cost, quality, and delivery perfor-
mance but uses child labor or pollutes community drinking water is not going to do
business with the modern companies of today.

Optimizing supply chains. Value chains now span across many continents. Companies
today face many challenges in designing and optimizing their supply chains. These
include determining where to best source raw materials, components, and finished
goods. Sourcing abroad, of course, requires efficient transportation and scheduling, and
also incurs risks related to intellectual property and supply chain disruptions from natu-
ral disasters and other factors. Coordinating this entire process to minimize total costs
is a continuing challenge.

Operations and Supply Chain Management Professional Websites

If you want to check out careers and issues in operations, distribution, and supply chain management try these professional asso-
ciation websites:

« American Production & Inventory Control Society (APICS)—www.apics.org
« American Society for Quality (ASQ)—www.asq.org

« American Society of Transportation & Logistics (AST&L)—www.astl.org

Council of Supply Chain Management Professionals (CSCMP)—www.cscmp.org

European Logistics Associations (ELALOG)—www.elalog.edu
« Production Managers Association (PMA)—www.pma.org.uk
+ Project Management Association (PMI)—www.pmi.org

+ Reverse Logistics Association (RIA)—www.ria.org

Many of these associations have certification programs to document the participant’s expertise and knowledge.
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CHAPTER 1 LEARNING OBJECTIVE SUMMARIES

Explain the concept and importance of operations
management. Creating and delivering goods and services
to customers depends on an effective system of linked facili-
ties and processes, and the ability to manage them effectively
around the world. Operations management (OM) is the
science and art of ensuring that goods and services are created

Describe what operations managers do. Many people
who are considered “operations managers” have titles such as chief
operating officer, hotel or restaurant manager, vice president of
manufacturing, customer service manager, plant manager, field
service manager, or supply chain manager. The concepts and meth-
ods of OM can be used in any job, regardless of the functional area
of business or industry, to better create value for internal custom-
ers (within the organization) and for external customers (outside

Explain the differences between goods and services.
Companies design, produce, and deliver a wide variety of goods
and services that consumers purchase. A good is a can see, touch, or

Define the concept of value and explain how the value
of goods and services can be enhanced. The underlying
purpose of every organization is to provide value to its customers
and stakeholders. The decision to purchase a good or service or a
customer benefit package is based on an assessment by the cus-
tomer of the perceived benefits in relation to its price. The customer’s

Describe a customer benefit package. “Bundling” goods,
services, and digital content in a certain way to provide value to
customers not only enhances what customers receive, but can also

Explain the difference between value chains and supply
chains, and identify three general types of processes in
a business. Many organizations use the terms “value chain” and
“supply chain” interchangeably; however, a value chain is broader in
scope than a supply chain and is easier to apply to service-providing
organizations as well as to goods producing firms.

Key processes in business typically include:

1. Value-creation processes focused on producing or delivering
an organization’s primary goods or services that create value for

Contrast the three different frameworks for describing
value chains.

e Aninput-output framework: Inputs are transformed into value-
added goods and services through processes that are supported
by such resources as equipment and facilities, labor, money, and
information.

Summarize the historical development of OM.
Exhibit 1.11 offers a chronology of major themes that have

State the current and future challenges facing OM:

e (Customers
e Technology
o \Workforce

26 PART ONE: Basic Concepts of OM and Value Chains

and delivered successfully to customers. OM includes the design

of goods, services, and the processes that create them; the
day-to-day management of those processes; and the continual
improvement of these goods, services, and processes. Three issues
are at the core of operations management: efficiency, cost, and
quality.

the organization). OM principles are used in accounting, human
resources management, legal work, financial activities, marketing,
environmental management, and every type of service activity.
Some key activities that operations managers perform include:
forecasting, supply chain management, facility layout and design,
technology selection, quality management, purchasing, resource
and capacity management, process design, job design, scheduling,
and sustainability.

possibly consume. A service is any primary or complementary activity
that does not directly produce a physical product.

cumulative judgment of the perceived benefits leads to either
satisfaction or dissatisfaction. One of the simplest functional forms of
value is:

Perceived benefits

Value=—
Price (cost) to the customer

differentiate the product from competitors. A customer benefit pack-
age consists of a primary good or service coupled with peripheral
goods and/or services, and sometimes variants.

customers, such as filling and shipping a customer’s order, assem-
bling a dishwasher, or providing a home mortgage.

2. Support processes such as purchasing materials and supplies
used in manufacturing, managing inventory, installation, health
benefits, technology acquisition, day care on-site services, and
research and development.

3. General management processes, including accounting
and information systems, human resource management, and
marketing.

e A preproduction and postproduction services framework: Focuses
on gaining customers (pre-) and keeping customers (post-)

® A hierarchical supply chain perspective: A goods-producing
supply chain generally consists of suppliers, manufacturers,
distributors, retailers, and customers arranged in a hierarchical
structure.

changed the scope and direction of operations management over
the last half-century.

® Globalization
e Sustainability
e Optimizing supply chains
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KEY TERMS

e Biztainment
¢ Business analytics

e Customer benefit
package (CBP)

¢ Distribution center
(DC)

e Durable good

Environmental
sustainability

Good

Inventory
Moment of truth
Nondurable good

Operations
management (OM)

Peripheral good or
service

Primary good or
service

Process
Service

Service encounter

Social sustainability
Supply chain
Sustainability
Value

Value chain

Variant

¢ Economic sustainability

Service management

REVIEW QUESTIONS

—_

. Explain the concept and importance of operations
management.

2. Describe how operations management is used in
work throughout business organizations.

3. State three of the key activities that operations
managers perform and briefly explain them.

customers?

examples.

T
—_ O

~N oo o1 B~

supply chains.

. Define a good and a service.
. Explain how goods differ from services.
. Define the concept of value.

. How can an organization increase value to its

8. Describe a customer benefit package.

9. What is a peripheral good or service? Provide some

. Define “biztainment” and provide an example.

. Explain the difference between value chains and

. Define and explain the three major types of pro-

cesses in business?

. What is a distribution center?

. Contrast the three different frameworks for

describing value chains.

. Define sustainability and explain its three

dimensions.

. What percent of U.S. economy jobs are in the

service sector?

. Describe the importance of data and business

analytics in operations and supply chain
management.

. Summarize the historical development of OM.

. Select one of the following challenges facing OM:

customers, technology, workforce, globalization,
sustainability, or optimizing supply chains, and
explain its short- and long-term impact.

DISCUSSION QUESTIONS AND EXPERIENTIAL ACTIVITIES

Q 20. Describe a customer GXPGI'ieIlCG you have person-

concepts and issues that are discussed. How do

ally encountered where the good or service or both
were unsatisfactory (e.g., defective product, errors,
mistakes, poor service, and service upsets). How
might the organization have handled it better, and
how could operations management have helped?

Q 21. Search recent articles in your local newspaper
and business magazines such as Fortune, Business
Week, Fast Company, and so on and identify OM

these fit into the classification in the box “What
Do Operations Managers Do?” in this chapter?

@ 22. Interview a manager at a local company about the

work he or she performs. Identify (a) the aspects
of the job that relate to OM (like the OM activities
in the box “What Do Operations Managers Do?”)
and (b) examples of value-creation, support, and
general management processes.
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(12 )

D

Evaluate how the activities described in the box
“What Do Operations Managers Do?” can be
applied to a student organization or fraternity to
improve its effectiveness.

. Interview a working friend or family member as to

how they use operations management principles in
their job and write a short paper summarizing your
findings (maximum two pages).

. Explain how the seven differences between goods

and services would be applied to a major airline
service. Provide airline examples that illustrate
each difference.

. Explain why a bank teller, nurse, or flight attendant

must have service management skills. How do the
required skills differ for someone working in a fac-
tory? What are the implications for hiring criteria
and training?

. Do you think you will be working in manufactur-

ing or services when you graduate? What do you
think will be the role of manufacturing in the U.S.
economy in the future?

. Choose one of the following services and

explain, using specific examples, how each of
the ways that services differ from manufactured
goods apply.

a. A family practice medical office
b. A fire department
c. A restaurant

d. An automobile repair shop

. Explain how the customer benefit package is

enhanced from the customer’s viewpoint by add-
ing digital content to a physical good such as an
automobile, cell phone, or appliance? How is value
increased?

Draw the customer benefit package (CBP) for one
of the items in the following list and explain how
your CBP provides value to the customer. Make
a list of a few example processes that you think
would be necessary to create and deliver “each
good or service” in the CBP you selected and
briefly describe issues that must be considered in
designing these processes.

e A trip to Disney World

e A new personal computer

e A credit card

e A fast-food restaurant

e A wireless mobile telephone

* A one-night stay in a hotel

D

D

Why is process thinking important in operations
management? Thinking of yourself as an “operations
manager” for your education, how could process
thinking improve your performance as a student?

One of our former students, who had worked for
Taco Bell, related a story of how his particular
store developed a “60-second, 10-pack club” as an
improvement initiative and training tool. The goal
was to make a 10-pack of tacos in a minute or less,
each made and wrapped correctly, and the total
within one ounce of the correct weight. Employees
received recognition and free meals for a day. Em-
ployees strove to become a part of this club, and
more importantly, service times dropped dramati-
cally. Techniques similar to those used to improve
the taco-making process were used to improve
other products. Explain how this anecdote relates
to process thinking. What would the employees
have to do to become a part of the club?

. Review one of the operations and supply chain

management professional websites and report what
you find.

. Select an organization you are familiar with and

draw and describe its value chain using one of the
three value chain frameworks (i.e., the input-
output, preservice and post-services or the hierar-
chical model) described in this chapter.

. Search the Web for either (a) an organization that

has defined its sustainability strategy and policy,
and give examples of how they are implement-
ing it, or (b) an organization that has received
negative or controversial media coverage for its
ethical or sustainability practices. Write a paper
describing what you found (maximum of two

typed pages).

. Describe new ways for how your college or

university can apply the sustainability practices
in Exhibit 1.13. Summarize your results in a
short paper.

. Discuss how the three perspectives of sustainabil-

ity influence (or perhaps, should influence) your
personal purchasing decisions. For example, do
you consider whether apparel is made in safe and
ethical factories? Should companies exploit their
sustainability efforts for marketing purposes? Why
or why not?

. Research and write a short paper describing how

business analytics has been applied to problems
and decisions in operations management. Use the
information in the box “What do Operations
Managers Do?” to help your search process.
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@ 39. Select one of the OM challenges and investigate it
in more detail. Prepare a 5-10-minute presenta-
tion on what you found.

@ 40. Geoff Colvin of Fortune magazine discussed the
concept of a “friction-free economy” in which
labor, information, and money move cheaply and

Mickey Mouse: To Talk or Not?

hen Walt Disney created the Disney empire in the
1950s, he forbid its star characters such as Mickey
Mouse and Pluto to talk. Mr. Disney thought it would be
too difficult to control the service encounters between
customers and the Disney characters, and it would ruin
the “magic” of Disney. Therefore, Disney characters were
trained to gesture and use only their body language to in-
teract and entertain guests.
Today, during a meeting of (fictional) senior “imagineer-
ing” managers, Mr. Luke Tomas, V. P. of Costume Design,
said, “Mr. Walt Disney would not like Mickey Mouse talk-

ing if he were alive.” “But Luke, if Mickey speaks it gives

us new ways to interact with our guests,” responded Cindy

Zappos, A Subsidiary of Amazon

Zappos (www.zappos.com) is a Las Vegas—based online
retailer that has been cited in Fortune’s list of the Best
Companies to Work For and Fast Company’s list of the
world’s most innovative companies. In fact, its remarkable
success resulted in Zappos being bought by Amazon for
$850 million in 2009. Zappos was founded in San Francisco
in 1999 and moved to Las Vegas for the cheap real estate
and abundant call center workers. The company sells a large
variety of shoes from nearly every major manufacturer and
has expanded its offerings to handbags, apparel, sunglasses,
watches, and electronics. Despite the crippling economic
downturn, sales jumped almost 20 percent in 2008, passing
the $1 billion mark two years ahead of schedule.

The company’s first core value is “Deliver WOW
through service,” which is obvious if you've ever ordered
from Zappos. It provides free shipping in both directions
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quickly through the firm’s global supply chains.*®
(The term was actually coined by Bill Gates in
1997 and is now becoming a reality.) Research this
concept and write a two-page paper that describes
the impacts and challenges that a friction-free
economy would have on operations management.

Bridgetown, V.P. of Imagineering, and Luke’s boss. “Cindy,
we can’t control the conversation if Mickey talks to guests.
Kids and parents are going to get their feelings hurt one
way or another. And it’s too demanding on our employees.”

Case Questions for Discussion:

1. Using the “What Do Operations Managers Do?”
box in the chapter, what key activities most directly
relate to the case situation?

2. Provide one good and bad example of a “moment of
truth” if Mickey Mouse talks to customers.

3. Explain the advantages and disadvantages of talking
Disney characters from a service perspective?

360b/Shutterstock.com

Zappos provides free shipping in both directions on all
purchases.
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on all purchases. It often gives customers surprise upgrades
for faster shipping. And it has a 365-day return policy. In
2003, Zappos made a decision about customer service: It
views any expense that enhances the customer experience
as a marketing cost because it generates more repeat cus-
tomers through word of mouth. CEO Tony Hsieh never
outsourced his call center because he considers the func-
tion too important to be sent to overseas. Job one for these
frontliners is to delight callers. Unlike most inbound tele-
marketers, they don’t work from a script. They're trained
to encourage callers to order more than one size or color,
because shipping is free in both directions, and to refer
shoppers to competitors when a product is out of stock.

Most important, though, they're implored to use their
imaginations. This means that a customer having a tough
day might find flowers on his or her doorstep the next
morning. One Minnesota customer complained that her
boots had begun leaking after almost a year of use. Not
only did the Zappos customer service representative send
out a new pair—in spite of a policy that only unworn shoes
are returnable—but she also told the customer to keep
the old ones, and mailed a hand-written thank-you."* Over
95 percent of Zappo’s transactions take place on the Web,
so each actual customer phone call is a special opportunity.
“They may only call once in their life, but that is our chance
to wow them,” Hsieh says.

Zappos uses a sophisticated computer system known as
Genghis to manage its operations. This includes an order
entry, purchasing, warehouse management, inventory, ship-
ping, and e-commerce system. Genghis tracks inventory so

Integrative Case: Hudson Jewelers

closely that customers can check online how many pairs of
size 12 Clarks Desert boots are available in the color sand.

For employees, it automatically sends daily e-mail remind-

ers to call a customer back, coordinates the warehouse robot
system, and produces reports that can specifically assess the
impact on margins of putting a particular item on sale.
Free shipping has become a customer expectation.
Research has found that online customers abandon their vir-

tual shopping carts up to 75 percent of the time at the end of

their order entry process when they can’t get free shipping.

Other online retailers have copied the free-shipping poli-
cies of Zappos. L.L. Bean, for example, now provides free
shipping and free returns with no minimum order amount.

Case Questions for Discussion:

1.

Draw and describe the customer benefit package
that Zappos provides. Goods? Services? Digital
content? Who manufacturers the physical goods?
Who is responsible for the quality and delivery of
the physical goods?

. Identify and describe the primary, support, and

general management processes needed to execute a
customer order at Zappos.

. Describe how any three of the OM activities in the

box “What Do Operations Managers Do?” impact
the management of both the goods that Zappos sells
and the services that it provides.

. Explain how this case illustrates each of the seven

major differences between goods-producing and
service-providing businesses.

he Hudson Jewelers case study in MindTap integrates
material found in each chapter of this book.

Case Questions for Discussion:

1. Use one of the three value chain frameworks dis-
cussed in this chapter to characterize the diamond
value chain. How does this value chain gain a cus-
tomer? How does it create value? How does it keep
a customer?

. Research what major diamond producers are doing

regarding social, environment, and financial sustain-
ability practices. Study corporate annual reports, for
example. Provide two or three examples.

. Write a two-page paper on “blood diamonds” and/or

“ethical diamonds.” Define each and explain the posi-
tives and negatives for this social sustainability issue.
What should be the role of diamond producers? What
is the role of operations managers in this industry?
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Measuring Performance in

Operations and Value Chains

Baptist Hospital, Inc. (BHI) is a subsidiary of Baptist
Health Care with about 2,252 employees and includes
two hospitals and an ambulatory care complex that
delivers an array of outpatient and diagnostic services.

Continuous improvement is an important aspect of BHI's
culture, driven by peer, employee, physician, and patient
surveys, as well as using the Malcolm Baldrige National
Quality Award performance framework to gather infor-
mation and identify opportunities for improvement.

BHI uses a variety of listening and learning
approaches to determine customer needs, including
surveys and Customer Value Analysis to determine
patient loyalty attributes. Information gathered from
the listening and learning activities is collected and

LEARNING OBJECTIVES

After studying this chapter,
you should be able to:

Describe the types
of measures used for
decision making.

@ Explain the use of

analytics in OM and how
internal and external
measures are related.

@ Explain how to design
a good performance

measurement system.

@ Describe four models
of organizational
performance.

analyzed using a customer relationship management
database to identify the key requirements for each cus-
tomer group and as input into strategic planning, service
design, and FOCUSPDCA (a performance improvement
process). BHI's information and knowledge manage-
ment systems enable it to collect and integrate data from
clinical systems, employees, patients, financial systems,
decision support systems, and physicians for tracking
overall organizational performance and for identifying
opportunities for improvement. Reports are generated

to support organizational performance and learn-

ing, financial performance, clinical outcomes (quality)
improvement, customer satisfaction, team activities, and
continuous improvement results.!
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WHAT DO YOU THINK?

What measures do you think a company should use to evaluate its goods or services? Provide some examples.

Measurement js the act of quantifying the performance of
organizational units, goods and services, processes, people, and
other business activities. Measurement provides an objective
basis for making decisions. By measuring and analyzing
organizational performance, Baptist Hospital, Inc. (BHI)
is able to better manage all of its stakeholders (patients,
third-party payers, employees, and suppliers), leading to
more successful outcomes.

Good measures provide a “scorecard” of perfor-
mance, help identify performance gaps, and make
accomplishments visible to the workforce, the stock
market, and other stakeholders. For example, the
ground-operations area of American Airlines is con-
cerned primarily with the service passengers receive
at airports.? The ground-operations area routinely

measures several factors that customers have noted are
important, such as waiting time at the ticket counter,
time to opening the cabin door after gate arrival, bag-
delivery time, and cabin cleanliness. The popular phrase
“How you are measured is how you perform” can lead

to improvements. For example, doctors at one hospital
tended to rush through colonoscopies, to the detriment
of the patients. After an administrator began to measure
the length of the procedures and assign a quality rat-
ing, doctors’ behavior changed and quality improved.
However, the wrong kind of performance measure can
be dangerous. In one company, engineers were mea-
sured on how quickly they could design new products.
Unfortunately, those products were not what customers
wanted, and revenues and profits quickly fell.

21 Types of Performance Measures

Organizational performance measures can be classified into several important categories:

Financial

Customer and market
Quality

Time

Flexibility

Innovation and learning

Productivity and operational efficiency

Sustainability

Within each of these categories are organizational-level measures that are of interest

primarily to senior managers, as well as more specific measures that are used by opera-
tions managers. Together, these measures provide the means of assessing the effectiveness
of operations along supply and value chains. Some of them are summarized in Exhibit 2.1.

2-1a Financial Measures

Financial measures, such as cost and revenue, often take top priority in for-profit organizations.
For example, the banking industry monitors closely the costs associated with checking account
transactions. Internet banking is being promoted because it has a distinct cost advantage: the
estimated transaction costs typically are 1 percent of branch bank transaction costs. Traditional
financial measures that companies use include revenue, return on investment, operating profit,
pretax profit margin, asset utilization, growth, revenue from new goods and services, earn-
ings per share, and other liquidity measures. Nonprofit organizations, such as the Red Cross,
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EXHIBIT 2.1 The Scope of Business and Operations Performance Measurement

Performance Measurement
Category

Financial

Customer and market

Quality
Time
Flexibility

Innovation and learning

Productivity and operational efficiency

Typical Organizational-Level
Performance Measures
Revenue and profit

Return on assets

Earnings per share

Customer satisfaction

Customer retention

Market share

Customer ratings of goods and services
Product recalls

Speed

Reliability

Design flexibility

Volume flexibility

New product development rates
Employee satisfaction

Employee turnover

Labor productivity

Typical Operational-Level Performance
Measures

Labor and material costs

Cost of quality

Budget variance

Customer claims and complaints

Type of warranty failure/upset

Sales forecast accuracy

Defects/unit or errors/opportunity

Service representative courtesy

Flow processing or cycle time

Percent of time meeting promised due date
Number of engineering changes
Assembly-line changeover time

Number of patent applications

Number of improvement suggestions implemented
Percent of workers trained on statistical process
control

Manufacturing yield

Equipment utilization Order fulfillment time

Sustainability Environmental and regulatory compliance Toxic waste discharge rate

Product-related litigation Workplace safety violations

Financial audits Percent of employees with emergency preparedness

training

churches, and government agencies, focus more on minimizing costs and maximizing value
to their target markets, customers, and society. Monitoring cost and adherence to budgets are
important factors in their operational success.

2-1b Customer and Market Measures

You have probably completed customer satisfaction surveys at a restaurant or after an Internet
purchase, or perhaps you have lodged a complaint. Through customer and market feedback,
an organization learns how satisfied its customers and stakeholders are with its goods and
services and performance. Other customer-focused performance measures include customer
retention, gains and losses of customers and customer accounts, customer complaints, war-
ranty claims, measures of perceived value, loyalty, positive referral, and customer relationship
building.

Measures of customer satisfaction reveal areas that need improvement and show whether
changes actually result in improvement. A customer-satisfaction measurement system
provides a company with customer ratings of specific goods and service features and indicates the
relationship between those ratings and the customer’s likely future buying behavior. Tt tracks trends
and reveals patterns of customer behavior from which the company can predict future
customer needs and wants. It also tracks and analyzes complaints and other measures of
dissatisfaction. At Federal Express, for instance, customers are asked to rate everything from
billing to the performance of couriers, package condition, tracking and tracing capabilities,
complaint handling, and helpfulness of employees. A restaurant might rate food appearance,
taste, temperature, and portions, as well as cleanliness, staff friendliness, attentiveness, and
perception of value.
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eBay: If [t moves, measure It

A saying around eBay’s headquarters is, “If it moves, measure

it eBay is just one of many Internet companies that pay close
attention to measurements. Web metrics such as how many
people visit a site, register to become users, length of time that
visitors spend on the site, and how long it takes pages to load are
commonly used and tracked closely by most Internet companies.
eBay monitors these things, analyzes the data, and uses the
results to make timely business decisions, for example, to provide
customer incentives such as free listings to stimulate demand
during slow periods. One unique measurement that eBay monitors
is the “take rate”—the ratio of revenues to the value of goods
traded on the site. How might they use this metric to improve
customer service and profitability?

Sky Motion/Shutterstock.com

Marketplace performance indicators could include market share, measures of business
growth, new product and geographic markets entered, and percentage of new product sales,
as appropriate. For example, in a commodity market in which Cargill Kitchen Solutions com-
petes (making various egg products for restaurants and schools from raw eggs), its perfor-
mance drivers include the U.S. share of market and total pounds of egg products sold. In the
highly competitive semiconductor industry, STMicroelectronics looks not only at sales growth
but also at differentiated product sales.

2-1c Quality

Quality measures the degree to which the output of a process meets customer requirements. Qual-
ity applies to both goods and services. Goods quality relates to the physical performance and
characteristics of a good. Goods quality is generally measured using instruments, technology,
and data-collection processes. For example, the dimensions and weight of a good such
as a laptop computer, its storage capacity, battery life, and actual speed are easy to mea-
sure. Service quality is consistently meeting or exceeding customer expectations (external focus)
and service-delivery system performance (internal focus) for all service encounters. Many companies,
including Amazon.com, Federal Express, and Nordstrom, have worked hard to provide
superior service quality to their customers. Measuring service quality is paramount in such
organizations.

Service-quality measures are based primarily on human perceptions of service collected
from customer surveys, focus groups, and interviews. Research has shown that customers use
five key dimensions to assess service quality*:

1. Tangibles—Physical facilities, uniforms, equipment, vehicles, and appearance of
employees (i.e., the physical evidence).
2. Reliability—Ability to perform the promised service dependably and accurately.

3. Responsiveness—Willingness to help customers and provide prompt recovery to service
upsets.
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4. Assurance—Knowledge and courtesy of the service providers and their ability to
inspire trust and confidence in customers.

5. Empathy—Caring attitude and individualized attention provided to customers.

These five dimensions help form the basis for quality measurement in service organizations.
Note that all but the first pertain to behavioral characteristics at the service encounter level,
which are more difficult to measure than physical and technical characteristics.

Every service encounter provides an opportunity for error. Errors in service creation and
delivery are sometimes called service upsets or service failures. Service measures should be
linked closely to customer satisfaction so that they form the basis for improvement efforts. For
example, a restaurant manager might keep track of the number and type of incorrect orders
or measure the time from customer order to delivery.

2-1d Time

Time relates to two types of performance measures—the speed of doing something (such as the
time to process a customer’s mortgage application) and the variability of the process. Speed
can lead to a significant competitive advantage. Progressive Insurance, for example, boasts
that it settles auto-insurance claims before competitors know there has been an accident!
Speed is usually measured in clock time, whereas variability is usually measured by quantifying
the variance around average performance or targets. A useful measure is processing time,
the time it takes to perform some task. For example, to make a pizza, a worker needs to roll out the
dough, spread the sauce, and add the toppings, which might take three minutes. Queue time
is a fancy word for wait time, the time spent waiting.

An important aspect of measuring time is the variance around the average time, as unan-
ticipated variability is what often leads to an unhappy customer experience. Variability is
usually measured by statistics such as the standard deviation or mean absolute deviation. For
example, suppose that one company takes 10 days to process a new life insurance applica-
tion plus or minus one day, while another takes 10 days plus or minus five days. Which life
insurance process will give the best service to its customers? Which firm would you rather
do business with?

2-1e Flexibility

Flexibility is the ability to adapt quickly and effectively to changing requirements. As new products
are being introduced faster and customers expect more customization, operations managers
must design value chains that are highly flexible. Flexibility can relate either to adapting to
changing customer needs or to the volume of demand. Goods and service design flexibility
is the ability to develop a wide range of customized goods or services to meet different or changing customer
needs. Examples of design flexibility include Dells ability to provide a wide range of custom-
ized computer hardware to accommodate home users, small businesses, and large company’s
server needs, or a health club’s ability to customize an individual client’s workout or provide
cardio rehabilitation classes for heart patients. Such {flexibility requires a highly adaptable
operations capability. Design flexibility is often evaluated by such measures as the rate of new
product development or the percent of a firm’s product mix that has been developed over the
past three years.

Volume flexibility is the ability to respond quickly to changes in the volume and type of demand. This
might mean rapid changeover from one product to another as the demand for certain goods
increases or decreases, or the ability to produce a wide range of volumes as demand fluctuates.
A hospital may have intensive-care nurses on standby in case of a dramatic increase in patient
demand because of an accident or be able to borrow specialized diagnostic equipment from
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FedEx: Measuring Service Performance

Error Type m FedEx developed a composite measure of its

service performance called the Service Quality

1. Complaints reopened—customer complaints (on traces, invoices, 3
missed pickups, etc) reopened after an unsatisfactory resolution Indicator (SQI), which is a weighted sum of 10
2. Damaged packages—packages with visible or concealed 10 factors reflecting customers’ expectations of

damage or spoilage due to weather or water damage, missed

) - company performance. These are listed below.
pickup, or late delivery

The weights reflect the relative importance

3. International—a composite score of performance measures of 1

international operations of each failure. Losing a package, for instance,
4. Invoice adjustments—customer requests for credit or refunds for 1 is more serious than delivering it a few

real of perceived failures ; minutes late. The index is reported weekly and
5. Late pickup stops—packages that were picked up later than the 3 . . R

stated pickup time summarized on a monthly basis. Continuous
6. Lost packages—claims for missing packages or with contents 10 improvement goals for the SQI are set each

missing year. SQl is really a measure of process
7. Missed proof of delivery—invoices that lack written proof of deliv- 1

effectiveness. Meeting SQI performance goals

ery information
8. Right date late—delivery past promised time on the right day 1 also can account for as much as 40 percent of
9. Traces—package status and proof of delivery requests not in the 3 a manager’s performance evaluation!

COSMOS IIB computer system (the FedEx “real-time” tracking system)
10. Wrong day late—delivery on the wrong day 5

Source: Service Quality Indicators at FedEx (internal company document).

other hospitals when needed. Measures of volume flexibility would include the time required
to change machine setups or the time required to “ramp up” to an increased production vol-
ume in response to surges in sales.

2-1f Innovation and Learning

Innovation refers to the ability to create new and unique goods and services that delight customers and
create competitive advantage. Many goods and services are innovative when they first appear—
think of the iPhone. However, competitors quickly catch up (e.g., Google’s Android operating
system and the latest Droid phones); thus, innovation needs to be a constant process for many
companies and must be measured and assessed. Learning refers to creating, acquiring, and transfer-
ring knowledge, and modifying the behavior of employees in response to internal and external changes. For
instance, when something goes wrong in one office or division, can the organization ensure
that the mistake is not repeated again and does not occur in other offices or divisions? The
importance of innovation and learning was well stated by Bill Gates, who said, “Microsoft is
always two years away from failure.”

Measures of innovation and learning focus on an organization’s people and infrastruc-
ture. Key measures might include intellectual asset growth, patent applications, the number
of “best practices” implemented within the organization, and the percentage of new prod-
ucts developed over the past few years in the product portfolio. Of particular importance

are measures associated with an orga-

nr s . nization’s human resource capabilities.
Microsoft is always -
These can relate to employee training

two years away from and skills development, satisfaction, and
failure.” work-system performance and effective-

—BILL GATES ness. Examples include absenteeism,

turnover, employee satisfaction, training
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A Powwerful Productivity
NMetric for Herc Rentals Inc.

Herc Rentals (hercrentals.com) is a full-service equipment-rental firm with a large presence in North America. It employs about
5,000 people, and operates 270 company-owned facilities generating a couple of billion dollars in revenue. It rents equipment
like air compressors, earthmoving machines, pumps, trucks, electric scissor lifts, and material handling equipment to a wide
variety of customers. The advantages of renting are numerous and include reducing the renter’s time and cost of managing the
equipment, greater financial flexibility, and avoiding the inconvenience and cost of maintenance and repair.

One of several performance measures that drive the business is dollar utilization, which is determined by dividing annual
rental revenue (output) by the cost of buying and maintaining the equipment (inputs). Each year, performance goals are set

to increase this output-input productivity metric.

hours per employee, training effectiveness, and measures of improvement in job effective-
ness. For instance, The Ritz-Carlton Hotel Company tracks percent turnover very closely, as
this measure is a key indicator of employee satisfaction and the effectiveness of its selection
and training processes.

2-1g Productivity and Operational Efficiency

Productivity is the ratio of the output of a process to the input. As output increases for a constant
level of input, or as the amount of input decreases for a constant level of output, productivity
increases. Thus, a productivity measure describes how well the resources of an organization
are being used to produce output.

Quantity of Output
Quantity of Input
The measures used for the quantity of output and quantity of input in Equation 2.1 need not

be expressed in the same units.

[2.1]

Productivity =

Examples of productivity measures include units produced per labor hour, airline revenue
per passenger mile, hotel revenue per full-time employee, meals served per labor dollar, and the
number of students per teacher. Productivity measures are often used to track trends over time.

Operational efficiency is the ability to provide goods and services to customers with minimum
waste and maximum utilization of resources. Some measures of operational efficiency might include
the time it takes to fulfill orders, times to set up machinery and equipment, times to change
from one product to another on an assembly line, manufacturing yields, and supply-chain
performance, to name just a few.

2-1h Sustainability

The triple bottom line (TBL or 3BL) refers to the measurement of environmental, social, and eco-
nomic sustainability. Environmental regulations usually require organizations to measure and
report compliance, but many companies go beyond what is minimally required. Organizations
track numerous environmental measures such as energy consumption, recycling and other
resource conservation activities, air emissions, solid and hazardous waste rates, and so on.
Social sustainability measures include consumer and workplace safety, community relations,
and corporate ethics and governance. Measuring consumer and workplace safety is vital to all
organizations, as the well-being of their customers and employees should be a major concern.
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SOLVED PROBLEM 2.1: CALCULATING PRODUCTIVITY

Consider a division of Miller Chemicals that produces water purification crystals for swimming pools. The major inputs used in

the production process are labor, raw materials, and energy. For Year 1, labor costs are $180,000; raw materials cost $30,000; and
energy costs amount to $5,000. Labor costs for Year 2 are $350,000; raw materials cost $40,000; and energy costs amount to $6,000.
Miller Chemicals produced 100,000 pounds of crystals in Year 1 and 150,000 pounds of crystals in Year 2.

Solution:

Using Equation 2.1, we have for Year 1:

Quantity of Output
Quantity of Input
100, 000

Productivity

Productivity

($180,000 + $30,000 + $5,000)
0.4651b / dollar

We see that productivity has declined in the past year.

For Year 2 we have:

Quantity of Output
Quantity of Input
150,000
(350,000 + $40,000 + $6,000)
0.3791b / dollar

Federal and state agencies such as the Occu-
pational Safety and Health Administration
(OSHA) require organizations to track and
report safety indicators, such as reportable
accidents. Examples of safety-related per-
formance measures include accident rates,
the parts per million of toxic chemicals in a
public water supply, or the security in a hotel
room. Other social sustainability measures
would be the number of ethical violations
and community service hours. Finally, eco-
nomic sustainability measures might include
financial audit results, regulatory compli-
ance, legal or governmental sanctions, dona-
tions to civic groups, fines for environmental
violations, and measures of accomplishment
of strategic initiatives, such as the percentage
of action plans and project milestones com-
pleted on time.

22 Analytics in Operations Management

Aswe noted in Chapter 1, business analytics is helping operations managers analyze data more
effectively and make better decisions. Business analytics include statistical analysis and deci-
sion modeling tools. Exhibit 2.2 summarizes these tools, which are used in many chapters in
this book. The supplements provide a review of these tools, basic concepts, and examples to
assist in understanding solved problems and in working end-of-chapter problems and exercises.
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EXHIBIT 2.2 Business Analytics Tools in OM

Business Analytics Tools for OM Focus Applications
Statistical Analysis (Supplement A) Collecting, organizing, analyzing, summarizing, inter- ~ Visualizing data using charts to examine
preting, and presenting data. performance trends; comparing results relative to

other business units, competitors, or best-in-class
benchmarks; understanding relationships among
different measures.

Decision Analysis (Supplement B) Identifying the best economic decision alternative Product selection, facility capacity expansion and
with uncertain futures. location, inventory analysis, and technology and

process analysis.

Break-Even Analysis (Supplement C) |dentifying the best economic choice between two Profitability analysis, outsourcing decisions, and
options that vary with volume. technology choices.

Optimization (Supplements D and E) Identifying the best decisions to maximize or Product mix, process selection, production
minimize some objective while satisfying constraints ~ planning, scheduling, and transportation and
and requirements. supply chain management.

Queueing Models (Supplement F) Understand behavior of waiting line systems with Process design and analysis for manufacturing
random arrivals of customers and service times using  and service, resource utilization analysis, and
analytical models. bottleneck analysis.

Simulation (Supplement G) Developing and analyzing a logical model of a system  Process design for manufacturing and service,
and conducting computer-based experiments to inventory systems, complex waiting line analysis,
describe, explain, and predict system behavior. and resource planning.

Statistics involves collecting, organizing, analyzing, interpreting, and presenting data. A statistic is a
summary measure of data. Descriptive statistics refers to methods of describing and summarizing data
using tabular, visual, and quantitative techniques. Statistics provides the means of gaining insight—
both numerically and visually—into large quantities of data, understanding uncertainty and
risk in making decisions, and drawing conclusions from sample data that come from very large
populations. Operations managers use statistics to gauge production and quality performance
to determine process and design improvements. Statistical methods allow us to gain a richer
understanding of data by not only summarizing data succinctly but also finding unknown and
interesting relationships among the data.

Decision modeling tools are used in operations and supply chain management to describe
the behavior of production and service systems, predict performance, and prescribe the best
courses of action. These include decision analysis, break-even analysis, optimization, queueing
models, and simulation.

All of these tools are implemented on Excel spreadsheets. Spreadsheets are widely applied
in all areas of business and used by nearly everyone. Spreadsheets provide a convenient way to
manage and manipulate data, perform calculations, and display visual graphics simultaneously,
using intuitive representations instead of abstract mathematical notation. They are a highly
effective platform for developing and solving decision models and communicating results. You
should be familiar with basic Excel skills, such as opening, saving, and printing files; using
workbooks and worksheets; moving around a spreadsheet; selecting cells and ranges; inserting/
deleting rows and columns; entering and editing text, numerical data, and formulas in cells;
formatting data (number, currency, decimal places, etc.); Excel formulas and basic functions;
relative and absolute addressing; and using Excel menus.

MindTap contains a wide variety of Excel templates that perform calculations to analyze
and solve problems in many chapters of this book. The templates are designed so that you
need only enter the data and information as instructed, and Excel takes care of the rest. Solved
Problem 2.2 illustrates an example of using the Statistical Analysis template to compute basic
descriptive statistics, frequency distributions, and histograms. The templates allow you to
conduct trial-and-error “what-if?” analyses by changing data and assumptions to understand
their impact on results.

In addition to the Excel templates provided with this book, several applications require
you to develop logical models for optimization, queueing, and simulation problems using
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SOLVED PROBLEM 2.2: USING THE STATISTICAL ANALYSIS EXCEL TEMPLATE

The La Ventana Window Company manufactures original equipment and replacement windows for residential building and
remodeling applications. In a cutting process for a certain window model, specifications call for a dimension of 25.50 inches. If the
dimension is larger than 25.52 inches, it will be too tight in assembly; and if it is 25.48 inches or less, it will be too loose and will not
meet customer requirements. The plant manager collected a sample of 50 parts from this process and measured the dimensions, as
shown below. What information do the data provide?

25.51 25.50 2549 25.50 25.50 2548 25.50 25.50 2549 25.52
2549 25.51 2551 25,51 25.50 25.50 25.50 2551 25.50 25.50
2548 25.50 25.50 2551 25.50 25.50 2549 25.50 2551 25.50
2549 2549 2549 2551 25.50 2548 2548 2548 2547 2549
2549 25.50 25.50 25.50 2549 2548 25,51 25.51 25.50 2551

Solution: EXHIBIT 2.3 Statistical Analysis Spreadsheet Template Results for La Ventana
Exhibit 2.3 shows the results of " Window Company Data
these quality measurements using
the StatIStICGIAnaIySIS SpreadSheEt ; ;;:I:Irc:sl::‘::rﬂ:slgnw to handle up to 500 observations. Enter data only in yellow cells.
template. Simply enter the data in ! Y I Y N N I | |
. 5 25.51] 25.50f 25.49] 25.50| 25.50| 25.48| 25.50| 25.50{ 25.49] 25.52|
the data matrix and also enter the 5 25.29] 25.51] 25,51 25,51] 25.50] 25.50] 25.50] 25.51] 25.50] 25.50
. 7 25.48] 25.50] 25.50] 25.51] 25.50] 25.50] 25.49] 25.50] 25.51] 25.50)
number of cells for the histogram 8 4 | 2549 2549 25.48] 2551] 25.50] 25.48| 25.48] 25.48] 25.47] 25.49
d |0Wer and upper “mits for the BD : 25.49 25. 25.50] 25.50§ 25.45| 25.48| 25.51| 25.51) 25.50{ 25.5)]
an 1
histogram in the yellow cells in the
spreadsheet. The spreadsheet will
automatically adjust the frequency

A B C D E F G H I i K L M N o

[ a R 5 T u v W X ¥ E A4 A
1 Frequency Distribution and Histogram
Enter smallest and largest limits for the frequency distribution below.
The lawer limit should be stightly less than the data minimum.

oo e

) . . ) The upper limit should be slightly larger than the data maximum
distribution and histogram. We see climit | 2550
Enter number of cells {10 or less) 25.520)
i HumberofCels | 7]
that the mean and median values | et El =
9 Cell Fi To (inchusi Fi
are close to or at the target; how- — T e Histogram
i i X 1 1 25450 | 25460 1
ever, the frequency distribution - = A e
and histogram show that no val- 5 s [hemw ;
16 6 25500 | 25510 3 1 i
ues exceed 25.52, but seven values o7 [Taso | asew i =
i ] 8 | 25520 25530 ¥ 1l |
are 25.48 or less, perhaps suggest- I Zme | i | _ I8l
ing the need for an adjustment 2 ’ l ' I
] . o
to the process. The template is 2 0 - -
25 5450 5460 25470 15480 15490 5500 25510 5520 25530 25540 5550
designed such that you can easily o e

change the values from which
the frequency distribution and
histogram are constructed.

Excel spreadsheets. Various Excel tools, such as Solver, Goal Seek, and data tables will be used
to find solutions and analyze the models you develop. These are explained in the supplements
and illustrated in solved problems where they are used.

2-2a Linking Internal and External Measures

Managers must understand the cause-and-effect linkages between key measures of perfor-
mance. These relationships often explain the impact of (internal) operational performance
on external results, such as profitability, market share, or customer satisfaction. For example,
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how do goods- and service-quality improvements impact revenue growth? How do improve-
ments in complaint handling affect customer retention? How do increases or decreases in
employee satisfaction affect customer satisfaction? How do changes in customer satisfaction
affect costs and revenues?

The quantitative modeling of cause-and-effect relationships between external and internal per-
formance criteria is called Interlinking.® Interlinking tries to quantify the performance
relationships between all parts of the value chain—the processes (“how”), goods and
services outputs (“what”), and customer experiences and outcomes (“why”). With inter-
linking models, managers can objectively make internal decisions that impact external
outcomes, for example, determining the effects of adding resources or changing the
operating system to reduce waiting time, and thereby increase customer satisfaction
(see Exhibit 2.4).

As one example, the controls group of Johnson Controls, Inc., examined the relationship
between satisfaction levels and contract renewal rates. They found that 91 percent of contract
renewals came from customers who were either satisfied or very satisfied, and customers who
gave a “not satisfied” rating had a much higher defection rate. By examining the data, they
found that a 1-percentage-point increase in the overall satisfaction score was worth $13 million
in service contract renewals annually. As a result, Johnson Controls made improving customer
satisfaction a key strategic initiative.”

2-2b The Value of a Loyal Customer

Many organizations lose customers because of poor goods quality or service performance.
This is often the result of operations managers failing to consider the economic impact of
lost customers when they cut service staff or downgrade product designs. Likewise, many
organizations do not understand the economic value of potential new customers when evalu-
ating proposed goods or service improvements on a strict economic basis. Thus, they need an
understanding of how customer satisfaction and loyalty affect the bottom line. One way to do
this is to compute the economic value that good customers provide.

The value of a loyal customer (VLC) quantifies the total revenue or profit each target market
customer generates over the buyer’s life cycle. Understanding the effects of operational decisions
on revenue and customer retention can help organizations more appropriately use their

EXHIBIT 2.4 Interlinking Internal and External Performance measures

Customer
satisfaction
rating
(external)

Time-on-hold waiting (internal)
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resources. Goods-producing and service-providing organizations both benefit from under-
standing the value of a loyal customer performance relationship. When one considers the
fact that it costs three to five times more to acquire a new customer than keep an existing
customer, it is clear why customer retention is often the focus of top management improve-
ment initiatives and strategies.

VLC can be computed with the following equation:

VLC = P X CM X RF X BLC [2.2]
where

P = the revenue per unit
CM= contribution margin to profit and overhead expressed as a fraction (i.e., 0.45, 0.5, etc.)
RF = repurchase frequency = number of purchases per year
BLC = buyers' lifecycle computed as 1/defection rate, expressed as a fraction (1/0.2 = 5 years,
1/0.1 = years, etc.)

By multiplying the VLC times the absolute number of customers gained or lost, the total
market value can be found. Solved Problem 2.3 illustrates how to use this formula to com-

pute VLC.

SOLVED PROBLEM 2.3: COMPUTING THE VALUE OF A LOYAL CUSTOMER

Suppose that a computer manufacturer estimates that its
annual customer retention rate is 80 percent, which means
that 20 percent of customers who purchase a computer will
not buy from it again (we call this the customer defection rate
=1 — customer retention rate).

Assume that fixed costs are 35 percent and the manufacturer
makes a before-tax profit margin of 10 percent. Therefore, the
incremental contribution to profit and overhead is 45 percent.
We also assume that customers buy a new computer every two
years, or 0.5 times per year, at an average cost of $1,000.

a. What is the value of a loyal customer?

b.What would VLC be if the defection rate can be
reduced to 10 percent by improving operations and/
or employee service management skills?

c. If the improvements in part (b) lead to a market share
increase of 10,000 customers, how much will the total
market value increase?

Solution:

a.What is the value of a loyal customer?

P =$1,000

CM = 0.45
RF = 0.5 (customers purchase a new machine every
two years)

BLC = 1/0.2 = 5 (if 20 percent of customers do not
return each year, then, on average, the buying life of a
customer is five years)

Therefore, the average value of a loyal customer over his or her
average buying life is $1,000 X 0.45 X 0.5 X 5 = $1,125.

b. If the defection rate can be reduced to 10 percent, the
average buying life doubles, and the average value of a
loyal customer increases to $1,000 X 0.45 X 0.5 X 10 =
$2,250.

c. If goods and service improvements can also lead to a
market share increase of 10,000 customers, the total
market value would increase by $2,250 X 10,000 =
$22,500,00.

Exhibit 2.5 shows the calculations for part (a) using the Excel
VLC template in MindTap. The template can be used to com-
pute the impact of different “what-if?” assumptions in parts
(b) and (c).
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EXHIBIT 2.5 Excel VLC template

A B [« D
1 Value of a Loyal Customer
2 Enter data only in yellow cells.
3

4 Revenue per unit|  51,000.00
5 | Percent contribution margin to profit and overhead 45%|
6 Repurchase freq y (purch [year) 0.5
7 Defection rate 0.2
8

9 Buyer's life cycle 5.00|
10 Vic| $1,125.00]

Operations managers can influence the VLC by increasing the contribution margin
through reducing operating costs, increasing repurchase frequency by better customer ser-
vice, and reducing customer defection rates by creating and delivering consistently excellent
system performance. Process managers can use the VLC numbers to help justify improve-
ment initiatives in job and process design, capacity and scheduling, and facility design.

23 Designing Measurement Systems
in Operations

What makes a good performance measurement system for operations? Many organizations
define specific criteria for selecting and deleting performance measures from the organiza-
tion’s information system. IBM Rochester, for example, asks the following questions:

Does the measurement support our mission?

Will the measurement be used to manage change?

Is it important to our customers?

Is it effective in measuring performance?

Is it effective in forecasting results?

Is it easy to understand/simple?

Are the data easy/cost-efficient to collect?

Does the measurement have validity, integrity, and timeliness?

Does the measurement have an owner?

Good performance measures are actionable. Actionable measures provide the basis for
decisions at the level at which they are applied—the value chain, organization, process, department,
workstation, job, and service encounter. They should be meaningful to the user, timely, and
reflect how the organization generates value to customers. Performance measures should
support, not conflict with, customer requirements. For example, customers expect a timely
response when calling a customer support number. A common operational measure is the

number of rings until the call is picked up. If a company performs well on this measure, but
puts the customer on hold or in a never-ending menu, then a conflict clearly exists.
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Analytics for NManaging

Sports Teams

Professional and amateur sports are just begin-
ning to take advantage of today’s analytical
methods and software capabilities in order to
evaluate performance and return on investment.
In basketball, for example, the “box score” docu-
ments traditional performance metrics such

as points, field goal percentage, fouls, blocked
shots, assists, steals, turnovers, minutes played,
and offensive and defensive rebounds. Analytics
in the form of shot charts, rebound charts, play-
by-play data, and motion-capture video and anal-
ysis is used to supplement traditional data. Today,
the critical question is how to effectively analyze
such data in order to maximize performance and
owners'returns for minimal cost.

The popular book and film Moneyball
demonstrated the use of analytics in sports
management to the average sports fan. The
book, published in 2003, before analytics
became a buzzword in business, profiles how the
Oakland Athletics baseball team used analytics
to build a competitive team even with a limited
budget, and compete with better-funded teams

Cora Reed/Shutterstock.com
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such as the New York Yankees, which spent nearly three times as much on
player personnel. To promote the use of analytics in sports management,
the Massachusetts Institute of Technology hosts the annual MIT Sloan Sports
Analytics Conference that has been attended by students from over 150
different schools and representatives from over 50 professional sports teams.

2-4 Models of Organizational Performance

Four models of organizational performance—the Baldrige Performance Excellence frame-
work, the balanced scorecard, the value chain model, and the Service-Profit Chain—provide
popular frameworks for thinking about designing, monitoring, and evaluating performance.
The first two models provide more of a “big picture” of organizational performance, whereas
the last two provide more detailed frameworks for operations managers. Although OM focuses
on execution and delivery of goods and services to customers, it is important to understand
these “big-picture” models of organizational performance because operations managers must
communicate with all functional areas. In addition, understanding these models helps you
better appreciate the interdisciplinary nature of an organization’s performance system, the
role that operations plays, and why operations managers need interdisciplinary skills.

2-4a Malcolm Baldrige Performance Excellence Framework

The Baldrige Performance Excellence program, formerly known as the Malcolm Baldrige
National Quality Award Program, was created to help stimulate American organizations to
improve quality, productivity, and overall competitiveness, and to encourage the development
of high-performance management practices through innovation, learning, and sharing of best
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practices. Organizations can receive awards in manufacturing, small business,
service, education, health care, and not-for-profit categories. Baldrige recipi-
ents show exceptional results that outperform those of their competitors and
peers. The program’s website at www.nist.gov/baldrige/ provides a wealth
of current information about the award, the performance criteria, award
recipients, and other aspects of the program.

Although the award itself receives the most attention, the primary pur-
pose of the program is to provide a framework for performance excellence
through self-assessment to understand an organization’s strengths and weak-
nesses, thereby setting priorities for improvement. This framework is shown
in Exhibit 2.6. Integration plays a key role, emphasizing that no single piece
of the system can operate independently. In this fashion, the seven categories
represent a logical approach to planning, executing, and reviewing perfor-
mance. The framework also defines the Criteria for Performance Excellence.
The criteria are designed to provide a framework for managing an organiza-
tion to achieve outstanding results. The seven categories are:

1. Leadership: This category addresses how senior leaders” personal
actions guide and sustain the organization, the organization’s gover-
nance system, and approaches for fulfilling ethical, legal, and societal
responsibilities.

USA.gov

2. Strategy: This category focuses on how an organization develops stra-

The Baldrige Performance Award

tegic objectives and action plans, implements them, and changes them
if circumstances require, and measures progress.

3. Customers: This category addresses how an organization engages its customers for
long-term marketplace success, builds a customer-focused culture, listens to the voice
of its customers, and uses this information to improve and identify opportunities for
innovation.

4. Measurement, Analysis, and Knowledge Management: This category focuses on how
an organization selects, gathers, analyzes, manages, and improves its data, information,
and knowledge assets; how it manages its information technology; and how it reviews
data and uses the results to improve its performance.

5. Workforce: This category addresses how an organization assesses workforce capability
and capacity needs; builds a high-performance environment; and engages, manages,
and develops its workforce to utilize its full potential in alignment with the organiza-
tion’s overall needs.

6. Operations: This category addresses how an organization designs, manages, improves,
and innovates its work systems and work processes to deliver customer value, and
achieve organizational success.

1. Resulis: This category examines an organization’s performance and improvement in
key business areas—product and process results, customer-focused results, workforce-
focused results, leadership and governance results, and financial and market results.

In essence, the criteria framework represents a macro-level interlinking model that
relates management practices to business results. For example, if senior managers under-
stand their customers and create effective strategies (Categories 1-3), and then translate plans
into actions through the workforce and operations (Categories 5 and 6), then positive results
(Category 7) should follow. Category 4 provides the foundation for measuring and assessing
results and continual improvements. Some simplify the theory of the Baldrige Award by saying
that “leadership drives the system that creates results.”
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EXHIBIT 2.6  Baldrige Model of Organizational Performance

The leadership triad (Leader- The Organizational Profile The results triad (Workforce,
ship, Strategy, and Customers) sets the context for your Operations, and Results)
emphasizes the importance of organization. It serves as the includes your workforce-focused
a leadership focus on strategy background for all you do. processes, your key operational

and customers.

Leadership

processes, and the performance
results they yield.

Organizational Profile

AN

<] Integration D

NS

Operations

Measurement, Analysis, and Knowledge Management

The system
foundation
(Measurement,
Analysis, and
Knowledge Management)
is critical to effective
management and to a
fact-based, knowledge-
driven, agile system for
improving performance
and competitiveness.

All actions
lead to
Results—a
composite of product
and process, customer-
focused, workforce-
focused, leadership
and governance, and
financial and market
The basis of the criteria is a set of Core Values and Concepts results.

that are embedded in high-performing organizations

Core Valyes and ConceP'®

Source: 2015-16 Baldrige Criteria for Performance Excellence, U.S. Dept of Commerce.

2-4b The Balanced Scorecard

Robert Kaplan and David Norton of the Harvard Business School, in response to the limita-
tions of traditional accounting measures, popularized the notion of the balanced scorecard,
which was first developed at Analog Devices. Its purpose is “to translate strategy into measures
that uniquely communicate your vision to the organization.” Their version of the balanced
scorecard, as shown in Exhibit 2.7, consists of four performance perspectives:

Financial Perspective: Measures the ultimate value that the business provides to its
shareholders. This includes profitability, revenue growth, stock price, cash flows, return
on investment, economic value added (EVA), and shareholder value.

Customer Perspective: Focuses on customer wants and needs and satisfaction as well as
market share and growth in market share. This includes safety, service levels, satisfac-
tion ratings, delivery reliability, number of cooperative customer—company design ini-
tiatives, value of a loyal customer, customer retention, percent of sale from new goods
and services, and frequency of repeat business.

Innovation and Learning Perspective: Directs attention to the basis of a future
success—the organization’s people and infrastructure. Key measures might include
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Would You Fly on This Airline?

Imagine entering the cockpit of a modern jet airplane and seeing only a single instrument there. How would you feel about
boarding the plane after the following conversation with the pilot?

Passenger: I'm surprised to see you operating the plane with only a single instrument. What does it measure?

Pilot: Airspeed. I'm really working on airspeed this flight.

Passenger: That's good. Airspeed certainly seems important. But what about altitude? Wouldn't an altimeter be helpful?
Pilot: | worked on altitude for the last few flights, and I've gotten pretty good at it. Now | have to concentrate on proper airspeed.
Passenger: But | notice you don't even have a fuel gauge. Wouldn't that be useful?

Pilot: You're right; fuel is significant, but | can’t concentrate on doing too many things well at the same time. So on this flight
I'm focusing on airspeed. Once | get to be excellent at airspeed, as well as altitude, | intend to concentrate on fuel consump-
tion on the next set of flights.?

Concentrating on only one measure at a time is not a good idea, either for pilots or for modern organizations. World-class
organizations normally use between 3 and 10 performance measures per process, depending on the complexity of goods
and services, number of market segments, competitive pressures, and opportunities for failure.

0 0 U ——
EXHIBIT 2.7 The Balanced Scorecard Performance Categories and Linkages

Innovation and
Learning Perspective

Goals Measures Goals Measures
A A
y Y
Customer Financial
Perspective Perspective
Goals Measures Goals Measures

Source: Adapted from R. S. Kaplan and D. P. Norton, “The Balanced Scorecard—Measures That
Drive Performance, Harvard Business Review, January—February 1992, p.72.

intellectual and research assets, time to develop new goods and services, number of
improvement suggestions per employee, employee satisfaction, market innovation,
training hours per employee, hiring process effectiveness, revenue per employee, and
skills development.

Internal Perspective: Focuses attention on the performance of the key internal
processes that drive the business. This includes such measures as goods- and service-
quality levels, productivity, flow time, design and demand flexibility, asset utilization,
safety, environmental quality, rework, and cost.

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



48 PART ONE: Basic Concepts of OM and Value Chains

PRO-TEC Coating Company: Keeping Performance in Balance

PRO-TEC Coating Company is the industry leader in advanced high-strength steel coating and
ultra-high-strength steel coating. PRO-TEC uses a balanced-scorecard (BSC) approach to help align the
company’s six key success factors (KSFs)—associate quality of life, customer service, technical innovation
and product development, system reliability, good citizenship, and long-term viability—with its mission,
vision, and values; its quality, safety, and environmental policies; company policy manuals; and proce-
dure and work instruction manuals for its integrated Quality and Environmental System.

The BSC uses a stoplight color-coded designation (green, yellow, and red) that reflects the actual
performance (good, marginal, or at-risk) against short-term targets. The at-risk BSC measures require
action, and are reviewed at monthly plant management meetings. The BSC is also used for managing
daily operations. For example, measures for safety and health, such as completion of housekeeping and
quarterly safety audit items, mobile equipment inspections, and the weekly safety binder sign-off, are
reviewed each Monday.’

Martin Kucera/Shutterstock.com

The internal perspective is most meaningful to operations managers, as they deal with
the day-to-day decisions that revolve around creating and delivering goods and services. The
internal perspective includes all types of internal processes that we introduced in Chapter 1:
value-creation processes, support processes, and general management or business processes.

The balanced scorecard is designed to be linked to an organization’s strategy. The link-
ages between corporate and operations strategy and associated performance measures (called
competitive priorities) are discussed in Chapter 3. Top management’s job is to guide the orga-
nization, make trade-offs among these four performance categories, and set future directions.

2-4c The Value Chain Model

A third way of viewing performance measurement is through the value chain concept itself.
Of the four models of organizational performance presented in this chapter, the value chain
model is probably the dominant model, especially for operations managers. Exhibit 2.8 shows
the value chain structure and suggests some typical measures that managers would use to
evaluate performance at each point in the value chain.

Suppliers provide goods and services inputs to the value chain that are used in the cre-
ation and delivery of value chain outputs. Measuring supplier performance is critical to man-
aging a value chain. Typical supplier performance measures include quality of the inputs
provided, price, delivery reliability, and service measures such as rates of problem resolu-
tion. Good, supplier-based performance data are also the basis for cooperative partnerships
between suppliers and their customers.

Operations managers have the primary responsibility to design and manage the processes
and associated resources that create value for customers. Process data can reflect defect and
error rates of intermediate operations, and also efficiency measures such as cost, flow time,
delivery variability, productivity, schedule performance, equipment downtime, preventive
maintenance activity, rates of problem resolution, energy and equipment efficiency, and raw
material usage. For example, Motorola measures nearly every process in the company, includ-
ing engineering design, order entry, manufacturing, human resources, purchasing, accounting,
and marketing, for improvements in error rates and flow times. One of its key business objec-
tives is to reduce total organizational flow time—the time from the point a customer expresses
a need until the customer pays the company for the good or service.
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EXHIBIT 2.8  Examples of Value Chain Performance Measurements
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Land, Labor, Capital, and Information
Resources

Customer satisfaction,
price, goods quality,
service quality,
timeliness

Conformance to
specifications,
accuracy,
quantity

Measurement and Feedback

Measuring goods and services outputs and outcomes tell a company whether its processes
are providing the levels of quality and service that customers expect. Organizations measure
outputs and outcomes using measures such as unit cost, defects per million opportunities, and
lead time. Through customer and market information, an organization learns how satisfied
its customers and stakeholders are with its goods and services and performance and how best
to configure the goods and services (i.e., customer benefit packages). Measures of customer
satisfaction and retention reveal areas that need improvement and show whether changes
actually result in improvement.

Measurement and feedback provide the means of coordinating the value chain’s physical
and information flows and for assessing whether the organization is achieving its strategic
objectives. This is similar to the role of Category 4 (Measurement, Analysis, and Knowledge
Management) in the Malcolm Baldrige framework. One objective of timely information shar-
ing is to reduce or replace assets (employees, inventory, trucks, buildings, etc.) with smart and
timely performance information. For example, General Electric sells lightbulbs in Walmart
stores; these sales are recorded immediately at General Electric factories and production is
scheduled to real-time sales data. Fewer resources are needed to achieve performance goals
when “information replaces assets.” That is, inventories are reduced, flow times are shorter,

quality is better, and costs are lower.
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2-4d The Service-Profit Chain

The Service-Profit Chain (SPC) was first proposed in a 1994 Harvard Business Review article
and is most applicable to service environments.'” Exhibit 2.9 is one representation of the SPC,
and many variations of this model have been proposed in academic and practitioner articles.
Many companies, such as Citibank, General Electric, Intuit, Southwest Airlines, Taco Bell,
Harrah’s Entertainment, and Xerox, have used this model of organizational performance. The
theory of the Service-Profit Chain is that employees, through the service-delivery system, cre-
ate customer value and drive profitability. As J. W. Marriott, the founder of Marriott Hotels,
said long ago, “Happy employees create happy customers.”

The model is based on a set of cause-and-effect linkages between internal and external
measures, and in this fashion, defines the key performance measurements on which service-
based firms should focus. Because much of the value created in service processes is at the
service-encounter level, the Service-Profit Chain focuses on employees or service providers.
Healthy, motivated, well-trained, and loyal employees demonstrate higher levels of satisfac-
tion that result in higher retention and productivity. This leads to higher levels of external
service value to customers. External service value is created by service providers mainly at
the service-encounter level. Buyers of services focus on outcomes, results, and experiences.
Ultimately, good value creates higher customer satisfaction and loyalty, which in turn leads to
higher revenue growth and profitability.

EXHIBIT 2.9 The Service-Profit Chain Model

Internal Performance Value External Performance
Service Delivery System Service Target Market
Concept
Employee
Retention
Revenue
Growth
Internal Emplovee External Cust Cust
Service —>» PIOYE > Service - ustomer 5 tustomer ___
Quall Satisfaction Satisfaction Loyalty
uality Value
> Profitability
Employe_e
Productivity

Adapted from J. L. Heskett, T. O. Jones, G. W. Loveman, W. E. Sasser, Jr, and L. A. Schlesinger, “Putting the Service-Profit Chain to Work," Harvard Business Review,
March-April 1994, pp. 164-174.
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CHAPTER 2 LEARNING OBJECTIVE SUMMARIES

Describe the types of measures used for decision
making. Performance measures can be classified into several key
categories:

e Financial
e Customer and market
e Quality

Explain the use of analytics in OM and how internal and
external measures are related. Exhibit 2.2 summarizes key busi-
ness analytics tools used in OM. These help to describe the behavior of
production and service systems, predict performance, and prescribe
the best courses of action. The quantitative modeling of cause-and-
effect relationships between external and internal performance criteria
is called Interlinking. Cause-and-effect linkages between key measures

Explain how to design a good performance measure-
ment system. Good performance measures are actionable. They
should be meaningful to the user, timely, and reflect how the organi-
zation generates value to customers. Performance measures should
support, not conflict with, customer requirements. IBM Rochester, for
example, asks the following questions:

® Does the measurement support our mission?
e Wil the measurement be used to manage change?

Describe four models of organizational performance.
Four models of organizational performance—the Malcolm Baldrige
Award framework, the balanced scorecard, the value chain model,
and the service-profit chain—provide popular frameworks for
thinking about designing, monitoring, and evaluating performance.

Time

Flexibility

Innovation and learning

Productivity and operational efficiency
Sustainability

of performance often explain the impact of (internal) operational
performance on external results, such as profitability, market share, or
customer satisfaction. For example, how do goods- and service-quality
improvements impact revenue growth? How do improvements in
complaint handling affect customer retention? How do increases or
decreases in processing time affect customer satisfaction? How do
changes in customer satisfaction affect costs and revenues?

Is it important to our customers?

Is it effective in measuring performance?

Is it effective in forecasting results?

Is it easy to understand/simple?

Are the data easy/cost-efficient to collect?

Does the measurement have validity, integrity, and timeliness?
Does the measure have an owner?

The first two models provide more of a “big picture” of organizational
performance, whereas the last two provide more detailed frame-
works for operations managers. Exhibits 2.6-2.9 graphically illustrate
these models.

KEY TERMS

e Actionable measures e Innovation o

¢ Customer-satisfaction ¢ Interlinking o
measurement system . Learning °

¢ Descriptive statistics 0 MienarRaTnEiil o

* Flexibility * Operational efficiency

¢ Goods and service o Processing time o
design flexibility °

e Productivity
¢ Goods quality

CHAPTER 2: Measuring Performance in Operations and Value Chains

Quality o

Queue time

Value of a loyal
customer (VLC)

Service quality ¢ Volume flexibility

Service upsets * Wait time

(service failures)
Statistics

Triple bottom line
(TBL or 3BL)
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REVIEW QUESTIONS

1. Define measurement.

2. What are the eight performance measure
categories for organizations?

What is a customer-satisfaction system?
Define goods quality and service quality.

What are five dimensions of service quality?

N

Define service upsets and give an example from
personal experience.

1. The performance measure “time” relates to what
two performance dimensions?

8. Define goods and service design flexibility and
volume flexibility.

9. Define innovation and learning.
10. Define productivity and operational efficiency.

11. Define interlinking. Why is it important?
1

21
21
21
21
21
21
®
21
@
21
22
22

1
2. Define the value of a loyal customer. Why is it
important?

. How are the customer defection and customer

retention rate related?

. What are some of the questions IBM uses to

evaluate performance measures?

. Define actionable measures.

. Explain the Baldrige Model of Organizational

Performance.

. What are the four performance categories of the

balanced scorecard approach to performance
measurement?

. What are example performance metrics for

suppliers, value-creation processes, and custom-
ers in the value chain model of organizational
performance?

. What is the primary theory of the service-profit

chain model of organizational performance?

. What are the implications of Marriott’s quote

“Happy employees create happy customers”? What
does this mean for human resource management?

DISCUSSION QUESTIONS AND EXPERIENTIAL ACTIVITIES

@ 21. What types of performance measurements might be
used to evaluate a fraternity or student organization?

@ 22. Select an organization you are familiar with or
have an interest in and write a short two-page
paper describing key performance metrics in that
industry and firm using the format of Exhibit 2.1.

@ 23. Interview managers at a local company to identify
the key business measures (financial, market, sup-
plier, employee, process, information, innovation,
etc.) for that company. What quality indicators
does that company measure? What cause-and-
effect (interlinking) performance relationships
would be of interest to the organization?

@ 24. Research and write a short paper on how some
organization applies the five dimensions of service
quality.

@ 25. Discuss some analytical or graphical approaches that
organizations can use for analyzing performance data
based on your experience and previous coursework.

@ 26. Revenue or costs per passenger mile are two key
performance measures in the airline industry.
Research their use in this industry and prepare a

@ 27,

one-page paper summarizing how they are used
and why they are so important.

Under which perspective of the balanced
scorecard would you classify each of the following
measurements?

St

- ® 2 o

i

On-time delivery to customers

Time to develop the next generation of products
Manufacturing yield

Engineering efficiency

Quarterly sales growth

Percent of products that equal 70 percent
of sales

Cash flow
Number of customer partnerships
Increase in market share

Unit cost of products

. When the value of a loyal customer (VLC) market

segment is high, should these customers be given
premium goods and services for premium prices?
If the VLC is low, should they be given less
service? Explain.
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COMPUTATIONAL PROBLEMS AND EXERCISES

These exercises require you to apply the formulas and methods described in the chapter. They should be solved manually.

D »

(2.1 i)

Each day, a FedEx competitor processes approxi-
mately 70,000 shipments. Suppose that they use the
same Service Quality Index as FedEx and identified
the following numbers of errors during a 5-day week
(see the “FedEx: Measuring Service Performance”
box). These values are hypothetical and do not
reflect any real company’s actual performance.

Complaints reopened: 125
Damaged packages: 18
International: 102

Invoice adjustments: 282
Late pickup stops: 209

Lost packages: 2

Missed proof of delivery: 26
Right date late: 751

Traces: 115

Wrong day late: 15

Compute the Service Quality Indicator by finding
the weighted sum of errors as a percentage of total
shipments. How might such an index be used in
other organizations such as a hotel or an automo-
bile service facility?

. Productivity measures for a manufacturing plant

over a six-month period follow:

Feb. Mar.
142 149

Month
Productivity

June
1.25

Jan.
146

Apr.
1.50

May
1.30

Using January as the base period, compute a pro-
ductivity index for February to June, and comment
on what those productivity indexes tell about the
productivity trend.

A major airline is attempting to evaluate the effect
of recent changes it has made in scheduling flights
between New York City and Los Angeles. Data
available are shown below:

Numberof  Number of
Flights Passengers
Month prior to 16 8,795
schedule change
(January)
Month after schedule 27 15,653

change (June)

Using January as the base period, compute a pro-
ductivity index for January and June, and comment
on what those productivity indexes tell about the
productivity trend.

(21 3

(2.1 )

(21 28

(21 3

A hamburger factory produces 60,000 hamburgers
each week. The equipment used costs $10,000 and
will remain productive for four years. The labor
cost per year is $13,500.

a. What is the productivity measure of “units of
output per dollar of input” averaged over the
four-year period?

b. We have the option of $13,000 equipment,
with an operating life of five years. It would
reduce labor costs to $11,000 per year. Should
we consider purchasing this equipment (using
productivity arguments alone)?

A computer software firm provides a 20" X 30"
office for its six systems analysts and plans to hire
two additional analysts. To maintain a 100-square-
foot working space per analyst, the firm’s owner-
manager is considering expansion. The cost of
expansion is $40 per square foot with annual
maintenance costs of $4 per square foot. The
useful life of floor space is 20 years. By how much
should employee productivity increase to justify
the additional expenditure? The current salary of
the systems analysts is $25,000.

A factory produces 10,000 desk staplers each week.
The equipment used costs $50,000 and will remain
productive for three years. The labor cost per year
is $180,000.

a. What is the productivity measure of “units of
output per dollar of input” averaged over the
three-year period?

b. We have the option of buying $80,000 of new
equipment, with an operating life of six years.
It would reduce labor costs to $104,000 per
year. Should we consider purchasing this

equipment (using productivity arguments
alone)?

A fast-food restaurant has a drive-through window
and during peak lunch times can handle a maxi-
mum of 50 cars per hour with one person taking
orders, assembling them, and acting as cashier.
The average sale per order is $9.00. A proposal

has been made to add two workers and divide the
tasks among the three. One will take orders, the
second will assemble them, and the third will act as
cashier. With this system it is estimated that 70 cars
per hour can be serviced. Use productivity argu-
ments to recommend whether or not to change the
current system.
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The data shown below apply to the first two
quarters of the current year. Using total-dollar
measures of input and output, compare the total
profit and productivity achieved for the two
quarters. How does second-quarter productivity
compare with the first-quarter productivity? Use
partial-factor productivity to identify what might
be done to improve productivity and profitability

during the third quarter.

First Second

Quarter Quarter
Unit selling price $20.00 $21.00
Total units sold 10,000 8,500
Labor hours 9,000 7750
Labor cost/hour $10.00 $10.00
Material usage (Ib) 5,000 4,500
Material cost/pound $15.00 $15.50
Other costs $20,000 $18,000

A manufacturing firm uses two measures of
productivity:

a. Total sales/Total inputs

b. Total sales/Total labor inputs

Given the data for the last three years below,

calculate the productivity ratios. How would you
interpret the results? All figures are in dollars.

Year 1 Year 2 Year3
Sales $110 $129 5124
Materials 62 73 71
Labor 28 33 28
Overhead 8 12 10

If the customer defection rate is 17.5 percent, what
is the customer retention rate?

D .

@ 40.

(22 J38

(22 R

(22 K3

Estimate the value of a loyal customer of a loyal
Volvo automobile owner? Assume the contribution
margin is 0.32, the purchase price is $70,000, the
repurchase frequency is every four years, and the
customer defection rate is 30 percent.

What is the average value of a loyal customer
(VLC) in a target market segment if the aver-

age purchase price is $70 per visit, the frequency
of repurchase is every month, the contribution
margin is 20%, and the average customer defection
rate is 25%? If a continuous improvement goal is
set of a 20% defection rate next year and 15% two
years from now, what are the revised VLCs over
their average buying life?

What is the average defection rate for grocery store
shoppers in a local area of a large city if they spend
$50 per visit, shop 52 weeks per year, the grocery
store has a 16% gross contribution margin, and the
value of a loyal customer is estimated at $2,000 per
year?

What is the value of a loyal customer (VLC) in the
small contractor target market segment who buys
an electric drill on average every four years (or
every 0.25 year) for $100, when the gross margin
on the drill averages 50 percent, and the customer
retention rate is 60 percent? What if the customer
retention rate increases to 80 percent? What is

a 1 percent change in market share worth to the
manufacturer if it represents 100,000 customers?
What do you conclude?

If a coffee shop’s average transaction price is
$4.00, their gross margin is 60 percent, the

typical customer makes a purchase once a week

or 52 weeks per year, and management estimates
the value of a loyal customer over their buying life
cycle as $520, what is the customer defection rate?

EXCEL-BASED PROBLEMS

For these problems, you may use Excel or the spreadsheet templates in MindTap to assist in your analysis.

(22 1)

A key hospital outcome measure of clinical perfor-
mance is length of stay (LOS), that is, the number
of days a patient is hospitalized. For patients at one
hospital with acute myocardial infarction (heart
attack), the length of stay over the past four years
has consistently decreased. The hospital also has
data for various treatment options such as the
percentage of patients who received aspirin upon
arrival and cardiac medication for Left Ventricular

Systolic Dysfunction (LVSD). The data are shown
below:

Aspirin on LVSD
Average LOS ETE]] medication
2007 4.35 days 95% 89%
2008 4.33 days 98% 93%
2009 4.2 days 99% 96%
2010 4.5 days 100% 98%
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Mlustrate the interlinking relationships by con-
structing scatter charts using Excel showing the
LOS as a function of the other variables. What do
these models tell you?

Customers call a call center to make room res-
ervations for a small chain of 42 motels located
throughout the southwestern part of the United
States. Business analytics is used to determine
how and if the following performance metrics are
related: time by quarter, average time on hold
(seconds) before a customer reaches a company
customer service representative, percent of time
the customer inquiry is solved the first time (called
first pass quality) and customer satisfaction with

the overall call center experience.

Overall
Percent Customer
Average Solved Satisfaction

Quarter HoldTime First Time Percent
Q1 22 seconds 89% 96%
Q2 34 seconds 80% 92%
Q3 44 seconds 78% 82%
Q5 67 seconds 85% 84%
Q6 38 seconds 87% 90%
Q7 70 seconds 76% 80%
Q8 86 seconds 67% 74%

Develop graphical interlinking models by con-
structing scatter charts using Excel showing the
relationships between each pair of variables. What
do results tell you?

. Use the Excel template VLC to find the average

value of a loyal customer (VLC) in a target market
segment if the average purchase price is $75 per
visit, the frequency of repurchase is six times per
year, the contribution margin is 10 percent, and the
average customer defection rate is 25 percent?

Using the base case data in question 46, use the
Excel template VLC to analyze how the value of

a loyal customer (VLC) will change if the average
customer defection rate varies between 15 and

40 percent (in increments of 5 percent) and the
frequency of repurchase varies between 3 and 9
times per year (in increments of 1 year). Sketch
graphs (or use Excel charts) to illustrate the impact
of these assumptions on the VLC.

What is the average defection rate for grocery store
shoppers in a local area of a large city if they spend
$45 per visit, shop 52 weeks per year, the grocery
store has a 4 percent gross margin, and the value
of a loyal customer is estimated at $3,500 per year?
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Use a trial-and-error approach with the Excel
template VLC to find your answer.

What is a grocery store’s contribution margin (CM)
if the average purchase price is $86.55 per visit, the
customer defection rate is 0.10, the VLC is $1,800,
and 52 purchases are made per year? Use a trial-
and-error approach with the Excel template VLC
to find your answer.

. Use the Excel template VLC to estimate the value

of aloyal customer for a loyal Craftsman tool buyer.
Assume the contribution margin is 0.25, the pur-
chase price is $300 for a certain set of tools, and the
repurchase frequency is every five years, and the
customer defection rate is 10 percent. If the target
market segment for this tool set is one million cus-
tomers and this firm has a 27 percent market share,
what is the VLC for this firm’s target market?

. A retail store sells a popular cosmetic called Devine

and the store manager was given $100,000 by the
corporate office to improve store performance

any way she thinks best. The “base case” infor-
mation is a price of $30 per bottle, a contribu-

tion margin of 0.50, a customer defection rate of
17 percent, and a repurchase frequency of three
times a year. If these improvement funds could be
used to (a) increase the contribution margin to 0.58
or (b) reduce the customer defection rate to

15 percent or (c) increase the repurchase fre-
quency to four times per year, what is the best way
to spend these improvement funds by answering
the next two multiple choice questions? (Assume
all other variables remain at the base case level for
each of the three improvement options.)

Use the Excel template VLC to answer these
questions and summarize your answers using the
table below:

Contribution Repurchase Defection VLC

Price Margin Frequency Rate in$
$30 0.50 3 17%
$30 0.58 3 17%
$30 0.50 3 15%
$30 0.50 4 17%

a. The value of a loyal customer (VLC) for

improvement option (a) is P
b. The best way to use the $100,000 in
improvement funds is Option P

. The manager at Raphael’s Four-Star Italian

Restaurant wants to set the price of their
premiere entrée. He estimates a loyal customer is
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worth $1,000. Based on survey data, the customer
defection rate is 0.22, the repurchase frequency

is once a month, and the restaurant’s contribution
margin is 18.5 percent. What is the price he should
charge for the premiere entrée? Use the Excel
template VLC to search for the solution.

. A computer manufacturer currently has a
20 percent customer defection rate. Their

Rapido Burrito

accounting department estimates the incremental
contribution to profit and overhead as 35 percent.
Customers purchase computers every four years at
an average cost of $1,200.00. In an effort to reduce
the defection rate, the company is improving both
the quality of its computers and its post-sale ser-
vice. Use the Excel template VLC to determine the
increase in the average value of a loyal customer if
the defection rate drops to 5 percent.

apido Burrito is a small, regional chain of quick ser-

vice restaurants. Rather than wait in a cafeteria-style
line, customers check boxes for their choice of ingredients,
sauce, and so on paper menus at their table. The food is
prepared quickly and then delivered to the tables.

Lately, one of the store managers has been hear-
ing customer complaints, such as: “The tortillas are too
thin”; “The food is not hot”; “Every time I get a burrito,
it seems to be a different size”; and “I got the wrong
ingredients on my burrito.” Many complaints were sub-
mitted through the corporate website.

The district manager was most concerned with
the comments about the consistency of size. One of
the staff designed a customer survey using the ques-
tions in Exhibit 2.10, based on a 5-point Likert scale
(5 = excellent, or strongly agree;1 = poor or strongly disagree)
for the first 10 questions. The last two questions were
codedasal, 2,3, or4.

They administered the questionnaire to 25 ran-
dom customers. The restaurant also gathered data on
the weights of 50 samples of 3 burritos (a total of 150).
Both the survey data and weight data are available on the
Excel worksheet Rapido Burrito Case Data in MindTap.

Case Questions for Discussion:

1. What conclusions do you reach when you calculate
descriptive statistics for the answers to each of the
survey questions in the database?

2. If you average the responses to the first seven
questions by customer, how closely are those
averages correlated to the satisfaction score?
Include a scatter chart in your analysis.

3. Analyze the data on burrito weights using descriptive
statistical measures such as the mean and standard
deviation, and tools such as a frequency distribution
and a histogram. What do your results tell you about
the consistency of the food servings?

4. What recommendations for decision making and
improvement can you make to the store manager?

EXHIBIT 210 Customer Survey Questions

© ® N O VAW =

Was the menu easy to read?

Was the order prepared correctly?

Was the food tasty?

Was the food served hot?

Were employees courteous and polite?

Was the restaurant clean?

In your opinion, did you receive a good value for the price you paid?
What was your level of satisfaction?

How likely are you to dine with us again?

. How likely are you to recommend us to your friends/family?
. How often do you eat at Rapido Burrito? First time, less than once/

month, one to three times a month, weekly?

. What was the main ingredient in your burrito: chicken, beef, pork, or

beans?
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Greyhound Bank: Credit Card Division

G reyhound Bank operates in the United States and pro-
vides a full range of financial services for individuals and
business. The credit card division is a profit center that has
experienced a 10 percent annual growth rate over the last five
years. These credit card services include producing and mail-
ing the plastic credit cards to customers, preparing online
and mailing monthly statements to customers, handling all
customer requests such as stop payments and customer com-
plaints, and preparation and distribution of summary online
reports to all individual and corporate customers.

“Our internal operational measures seem to be good,”
Ms. Juanita Sutherland, the president of Greyhound’s credit
card division stated, “but the customer perceives our perfor-
mance as poor based on marketing’s recent customer sur-
vey. So, whats going on here? Can anyone at this meeting
explain to me this mismatch between these two different
sources of information? Is it an important problem or not?”

Mr. Luke C. Morris, the vice president of operations
quickly responded, “Juanita, one reason there’s a mismatch
is that operations doesn’t have a say in the customer sur-
vey’s design or performance criteria. We don’t ask the same
questions or use the same criterial”

“Wait a minute Luke. We often ask you operations
folks for input into our customer survey design but the
job usually gets shuttled to your newest MBA who doesn’t
have enough company knowledge to truly help us out,”

EXHIBIT 2.11

CHAPTER 2: Measuring Performance in Operations and Value Chains 57

stated Mr. Bill Barlow, the corporate vice president of
marketing, as he leaned forward on the conference room
table.

“0.K.,” Ms. Sutherland interjected, “I want you two
to work on this issue and tell me in one week what to do.”
I've got another appointment so I must leave now but you
two have got to work together and figure this thing out. I'm
worried that we are losing customers!”

At a subsequent meeting between Mr. Morris and
Mr. Barlow and their respective operations and marketing
staffs, the following comments were made:

e “The trends in the marketing customer survey are helpful
to everyone but the performance criteria simply do not
match up well between marketing and operations.”

e “Plastic card turnaround performance is very good based on
the marketing survey data, but the wording of the customer
survey questions on plastic card turnaround time is vague.”

e “Operations people think they know what constitutes
excellent service but how can they be sure?”

* “You'll never get marketing to let us help them design
‘their’ customer survey,” said an angry operations supervi-
sor. “Their marketing questions and what really happens
are two different things.”

e “We need a consistent numerical basis for knowing how well

process performance matches up with external performance.
My sample of data (see Exhibit 2.11) is a place to start.”

Sample Internal and External Greyhound Credit Card Performance Data*

Customer Satisfaction New Applicant Plastic Production
Month Percent (%) Processing Time (Days) Turnaround Time (Days)
1 86.4 17 1.005
2 818 1.0 1.007
3 81.6 14 1.208
4 83.7 18 0.906
5 83.3 1.6 1.057
6 81.7 1.5 1.099
7 84.0 12 0.755
8 84.5 1.3 1.208
9 83.3 1.7 0.906
10 82.6 1.1 1.087
n 84.2 13 0.884
12 85.0 1.1 0.987
13 85.6 0.9 0.755
14 85.8 1.0 1102
15 84.1 09 0.782

*These data are available in the Excel worksheet Greyhound Case Data in MindTap.
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58 PART ONE: Basic Concepts of OM and Value Chains

e “If your backroom operational performance measures
really do the job, who cares about matching marketing
and operations performance information. The backroom
is a cost center, not a profit center!”

The meeting ended with a lot of arguing but not much
progress. Both functional areas were protecting their “turf.”
How would you address Ms. Sutherland’s questions?

Case Questions for Discussion:
1. What are the major problems facing the credit card
division?

2. What steps are required to develop a good internal
and external performance and information system?

Integrative Case: Hudson Jewelers

. How should internal and external performance data

be related? Are these data related? What do charts
and/or statistical data analysis tell you, if anything?
(Use the data in Exhibit 2.11 to help answer these

questions.)

. Is the real service level what is measured internally

or externally? Explain your reasoning.

. What are your final recommendations?

he Hudson Jewelers case study available in MindTap
integrates material found in each chapter of this book.

Case Questions for Discussion:

1. What is the value of a loyal customer to Hudson
Jewelers for a wealthy individual who visits Naples
every February and buys jewelry for her extended
family every other year? Assume the following:

. Design an individual service plan for this “AAAA’

Customer retentionrate = 80 percent
Contribution margin = 055
Price per purchase = $200,000

>

customer.
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Operations Strategy

LEARNING OBJECTIVES

After studying this chapter,
you should be able to:

Explain how organiza-
tions seek to gain com-
petitive advantage.

@ Explain approaches
for understanding

customer wants and
needs.

Describe how custom-
ers evaluate goods and
services.

@ Explain the five key
competitive priorities.

@ Explain the role of

OM, sustainability, and
operations in strategic
planning.

Describe Hill's frame-
work for operations
strategy.

Any change in strategic direction typically has significant consequences for the entire value chain and
for operations.

Over the past two decades, the transformation to a
digital society has caused many companies to rede-
fine their strategy. Some have had to completely
reinvent themselves. For example, the demise of film
cameras caused Kodak to change to digital cameras.
However, with stiff competition from Sony, Samsung,
and others, Kodak ended up filing for Chapter 11
bankruptcy protection and has changed its strategy
to focus on large commercial inkjet printers, digital
printing presses, workflow software, and package
printing. Likewise, Xerox, long known for its paper
copy machines, has reinvented itself and branched out

into new but risky business services, including com-
mercial information technology, document outsourc-
ing, finance, human resources (HR), transportation,
and health care.

Changing a corporate strategy has many
implications for operations and the entire value chain.
Facilities may have to be reconfigured or new ones built;
new technology may have to be acquired; new processes
and jobs must be designed; and so on. Looking back at
Exhibit 1.7, we also see that all aspects of preproduction
services, production processes, and postproduction
services will be affected.
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60 PART ONE: Basic Concepts of OM and Value Chains

WHAT DO YOU THINK?

How do you see the digital society affecting education? For example, what implications are emerging technolo-

gies, such as e-books and distance learning, having? Can you think of others?

31 Gaining Competitive Advantage

Competitive advantage denotes a firm’s ability to achieve market and financial superiority over its
competitors. In the long run, a sustainable competitive advantage provides above-average
performance and is essential to the survival of the business. Creating a competitive advan-
tage requires a fundamental understanding of two things. First, management must under-
stand customer needs and expectations—and how the value chain can best meet these
through the design and delivery of attractive customer benefit packages. Second, man-
agement must build and leverage operational capabilities to support desired competitive
priorities.

Every organization has a myriad of choices in deciding where to focus its efforts—for
example, on low cost, high quality, quick response, or flexibility and customization—and in
designing its operations to support its chosen strategy. The opening scenario suggests that
organizations have many strategic choices in designing and operating their domestic and
global value chains. These choices should be driven by current and emerging customer needs
and expectations. In particular, what happens in operations—on the front lines and on the
factory floor—must support the strategic direction the firm has chosen.

Any change in a firm’s customer benefit package, targeted markets, or strategic direction
typically has significant consequences for the entire value chain and for operations.

Although it may be difficult to change the structure of the value chain, operations manag-
ers have considerable freedom in determining what components of the value chain to empha-
size, in selecting technology and processes, in making human resource policy choices, and in
making other relevant decisions to support the firm’s strategic emphasis.

32 Understanding Customer Wants and Needs

Because the fundamental purpose of an organization is to provide goods and services of value
to customers, it is important to first understand customer desires and also to understand how
customers evaluate goods and services. However, a company usually cannot satisfy all cus-
tomers with the same goods and services. Often, customers must be segmented into several
natural groups, each with unique wants and needs. These segments might be based on buying
behavior, geography, demographics, sales volume, profitability, or expected levels of service.
By understanding differences among such segments, a company can design the most appro-
priate customer benefit packages, competitive strategies, and processes to create the goods
and services to meet the unique needs of each segment.

To correctly identify what customers expect requires being “close to the customer.”
There are many ways to do this, such as having employees visit and talk to customers, having
managers talk to customers, and doing formal marketing research. Marriott Corporation, for
example, requires top managers to annually work a full day or more in the hotels as bellhops,
waiters, bartenders, front-desk service providers, and so on, to gain a true understanding of
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customer wants and needs, and the types of issues that their hotel service providers must
face in serving the customer. Good marketing research includes such techniques as focus
groups, salesperson and employee feedback, complaint analysis, on-the-spot interviews with
customers, videotaped service encounters, mystery shoppers, telephone hotlines, Internet
monitoring, and customer surveys.

Basic customer expectations are generally considered the minimum performance level required to stay
in business and are often called order qualifiers. For example, a radio and driver-side air bag
are generally expected by all customers for an automobile. In the highly competitive pizza
business, efficient delivery would be considered an order qualifier. However, the unexpected
features that surprise, entertain, and delight customers by going beyond the expected often
make the difference in closing a sale; these are called order winners. Order winners are goods
and service features and performance characteristics that differentiate one customer benefit package from
another and win the customer’s business. Collision avoidance systems or a voice-activated music
system in an automobile, for example, Papa John's Pizza focused on “better ingredients, bet-
ter pizza” as the order winner to differentiate the business from the competitors. Over time,
however, order winners eventually become order qualifiers as customers begin to expect them.
Thus, to stay competitive, companies must continually innovate and improve their customer
benefit packages.

33 Evaluating Goods and Services

Research suggests that customers use three types of attributes in evaluating the quality of
goods and services: search, experience, and credence.' Search attributes are those that a cus-
tomer can determine prior to purchasing the goods and/or services. These attributes include things like
color, price, freshness, style, fit, feel, hardness, and smell. Experience attributes are those that
can be discerned only after purchase or during consumption or use. Examples of these attributes are
friendliness, taste, wearability, safety, fun, and customer satisfaction. Credence attributes
are any aspects of a good or service that the customer must believe in but cannot personally evaluate even
after purchase and consumption. Examples include the expertise of a surgeon or mechanic, the
knowledge of a tax advisor, or the accuracy of tax preparation software.

This classification has several important implications for operations. For example, the
most important search and experience attributes should be evaluated during design, measured
during manufacturing, and drive key operational controls to ensure that they are built into
the good with high quality. Credence attributes stem from the nature of services, the design
of the service system, and the training and expertise of the service providers.

These three evaluation criteria form an evaluation continuum from easy to difficult, as
shown in Exhibit 3.1. This model suggests that goods are easier to evaluate than services and
that goods are high in search qualities, whereas services are high in experience and credence
attributes. Of course, goods and services are usually combined and configured in unique ways,
making for an even more complex customer evaluation process. Customers evaluate services
in ways that are often different from goods. A few ways are summarized below along with
significant issues that affect operations.

Customers seek and rely more on information from personal sources than from non-
personal sources when evaluating services prior to purchase. Operations must ensure
that accurate information is available and that experiences with prior services and ser-
vice providers result in positive experiences and customer satisfaction.

Customers perceive greater risks when buying services than when buying goods.
Because services are intangible, customers cannot look at or touch them prior to the
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Listen to Your
Customers— Creatively!

At IDEO, one of the world’s leading design firms (it designed
Apple’s first mouse and stand-up toothpaste tubes as just
two examples), design doesn’'t begin with a far-out concept
or a cool drawing. It begins with a deep understanding of the
people who might use whatever product or service eventually
emerges from its work, drawing from anthropology,
psychology, biomechanics, and other disciplines. When
former Disney executive Paul Pressler assumed the CEO posi-
tion at Gap, he met with each of Gap’s top 50 executives, ask-
ing them such standard questions as “What about Gap do you
want to preserve and why?,"“What about Gap do you want

to change and why?,"and so on. But he also added one of his
own: “What is your most important tool for figuring out what
the consumer wants?” Some companies use unconventional
and innovative approaches to understand customers. Texas
Instruments created a simulated classroom to understand
how mathematics teachers use calculators; and a manager at
Levi Strauss used to talk with teens who were lined up to buy

rock concert tickets. The president of Chick-fil-A spends at
least one day each year behind the counter, as do all of the
company’s employees, and has camped out overnight with
customers at store openings. At Whirlpool, when customers
rate a competitor’s product higher in satisfaction surveys,
engineers take it apart to find out why. The company also
has hundreds of consumers fiddle with computer-simulated
products while engineers record the users’ reactions on
videotape.?

Rawpixel.com/Shutterstock.com

purchase decision. They experience the service only when they actually go through the
process. This is why many are hesitant to use online banking or bill paying.

Dissatisfaction with services is often the result of customers’ inability to properly perform
or coproduce their part of the service. A wrong order placed on the Internet can be the result of
customer error despite all efforts on the part of the company to provide clear instructions. The

EXHIBIT 3.1 How Customers Evaluate Goods and Services

Goods-Services Continuum

High goods content High services content
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Source: Adapted from V. A. Zeithamel, "How Consumer Evaluation Processes Differ Between Goods and Services,'in

J.H.Donnelly and W. R. George, eds., Marketing in Services, published by the American Marketing Association, Chicago, 1981,
pp. 186-199. Reprinted with permission from the American Marketing Association.
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design of services must be sensitive to .
the need to educate customers on their General Electric
role in the service process. discovered that design
These insights help to explain why determines 75 percent
it is more difficult to design services . i
. of its manufacturing
and service processes than goods and
costs.

manufacturing operations.

34 Competitive Priorities

Every organization is concerned with building and sustaining a competitive advantage in its
markets. A strong competitive advantage is driven by customer needs and aligns the organiza-
tion’s resources with its business opportunities. A strong competitive advantage is difficult to
copy, often because of a firm’s culture, habits, or sunk costs. Competitive advantage can be
achieved in different ways such as outperforming competitors on price or quality, respond-
ing quickly to changing customer needs in designing goods and services, or providing rapid
design or delivery.

Competitive priorities represent the strategic emphasis that a firm places on certain performance
measures and operational capabilities within a value chain. Understanding competitive priorities and
their relationships with customer benefit packages provides a basis for designing the value
and supply chains that create and deliver goods and services. In general, organizations can
compete on five key competitive priorities:

Cost

1

2. Quality

3. Time

4. Flexibility
5

Innovation

All of these competitive priorities are vital to success. For example, no firm today can
sacrifice quality simply to reduce costs, or emphasize flexibility to the extent that it would
make its goods and services unaffordable. However, organizations generally make trade-offs
among these competitive priorities and focus their efforts along one or two key dimensions.
For example, Amazon competes primarily on time, cost, and flexibility. Apple, on the other
hand, competes on quality and innovation.

3-4a Cost

Many firms, such as Walmart, gain competitive advantage by establishing themselves as the
low-cost leader in an industry. These firms achieve their competitive advantage through
low prices. They do this through high volumes and the efficient design and operation of
their supply chain. Although prices are generally set outside the realm of operations, low
prices cannot be achieved without strict attention to cost and the design and management
of operations.

General Electric, for example, discovered that design determines 75 percent of its man-
ufacturing costs. Costs accumulate through the value chain, and include the costs of raw
materials and purchased parts, direct manufacturing cost, distribution, post-sale services,
and all supporting processes. Through good design and by chipping away at costs, operations
managers help to support a firm’s strategy to be a low-price leader. They emphasize achieving
economies of scale and finding cost advantages from all sources in the value chain.
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Southwest Airlines: Competing with Low Cost

The only major U.S. airline that has been continuously profitable
over the last several decades is Southwest Airlines. Other airlines
have had to collectively reduce costs by $18.6 billion, or 29 per-
cent of their total operating expenses, to operate at the same
level (cost per mile) as Southwest. The high-cost airlines such

as United and American face enormous pressure from low-fare
carriers such as Southwest Airlines. A long-time industry con-
sultant, stated “The industry really is at a point where survival is
in question.” In recent years, airlines have reduced capacity, cut
routes, and increased fees for peripheral services like baggage
and food. We have also seen mergers, such as between Delta
and Northwest and between United and Continental, to reduce
system-wide costs.?

Carlos Yudica/Shutterstock.com

Low cost can result from high productivity and high-capacity utilization. More important,
improvements in quality lead to improvements in productivity, which in turn lead to lower
costs. Thus, a strategy of continuous improvement is essential to achieve a low-cost competi-
tive advantage.

3-4b Quality

The role of quality in achieving competitive advantage was demonstrated by several research
studies.* Researchers have found that:

Businesses offering premium-quality goods usually have large market shares and were
early entrants into their markets.

Quality is positively and significantly related to a higher return on investment for
almost all kinds of market situations.

A strategy of quality improvement usually leads to increased market share, but at a cost
in terms of reduced short-run profitability.

Producers of high-quality goods can usually charge premium prices.

Exhibit 3.2 summarizes the impact of quality on profitability. The value of a good or
service in the marketplace is influenced by the quality of its design. Improvements in per-
formance, features, and reliability will differentiate the good or service from its competitors,
improve a firm’s quality reputation, and improve the perceived value of the customer benefit
package. This allows the company to command higher prices and achieve an increased mar-
ket share. This, in turn, leads to increased revenues that offset the added costs of improved
design. Improved conformance in production leads to lower manufacturing and service costs
through savings in rework, scrap, and warranty expenses. The net effect of improved quality
of design and conformance is increased profits.

In many industries, strategies often lead to trade-offs between quality and cost; some
company strategies sacrifice quality in order to develop a low-cost advantage. Such has been
the case with new automobile start-ups, especially with Hyundai Motor Co. However, goods
quality has evolved over the years and now is generally considered to be an order qualifier.
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Operations managers deal with qual- . .
ity issues on a daily basis; these include Time reductions often

ensuring that goods are produced defect- drive simultane-
free or that service is delivered flaw ous imp rovements in

le§sly. In the long run, it is the demg‘n qual ity . cost, and
of goods and service processes that ulti- L.
productivity.

mately defines the quality of outputs and
outcomes.

3-4c Time

In today’s society, time is perhaps the most important source of competi-
tive advantage. Customers demand quick response, short waiting times, and
consistency in performance. Many firms, such as CNN, FedEx, and Walmart,
know how to use time as a competitive weapon to create and deliver superior
goods and services.

Speeding up processes in supply chains improves customer response.
Deliveries can be made faster, and more often on time. However, time reduc-

y

tions can only be accomplished by streamlining and simplifying processes to

eliminate non-value-added steps such as rework and waiting time. This forces 9 3§
improvements in quality by reducing the opportunity for mistakes and errors. By :’ 8 4 3
reducing non-value-added steps, costs are reduced as well. Thus, time reductions of \c;‘
often drive simultaneous improvements in quality, cost, and productivity. Design- '// \\‘
ing processes and using technology efficiently to improve speed and time reliability i A

are some of the most important activities for operations managers. o
3-4d Flexibility f \

Success in globally competitive markets requires both design and demand flexibility. In

the automobile industry, for example, new models are constantly being developed. Companies
that can exploit flexibility by building several different vehicles on the same assembly line at
one time, enabling them to switch output as demand shifts, will be able to sell profitably at
lower volumes.

EXHIBIT 3.2 Interlinking Model of Quality and Profitability

Improved quality Improved quality
of design of conformance
Y

Higher perceived _ Higher Lower manufacturing

value ~ prices and service costs
Increased market Increased

— T
share revenues
Higher

profitability
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Trade-0ffs Among Competitive Priorities

As fast-food menus get more complex and complaints about inaccurate orders increase,
the amount of time customers spend waiting in line for their food is increasing. The average
amount of time the typical consumer spends waiting in a drive-thru line jumped nearly 40
seconds in one year—to 219.97 seconds in 2014 from 180.83 seconds in 2013. While speed
has been a competitive priority, the trend toward healthier items such as Cantina bowls at
Taco Bell or fruit smoothies at McDonald’s, require extra time to make and inspect. At the
same time, fast-food chains are working harder to keep high levels of order accuracy.®

Flexibility is manifest in mass-customization strategies that are becoming increasingly
prevalent today. Mass customization is being able to make whatever goods and services the customer
wants, at any volume, at any time for anybody, and for a global organization, from any place in the world.?
Some examples include Sign-tic company signs that are uniquely designed for each customer
from a standard base sign structure; business consulting; Levi’s jeans that are cut to exact
measurements; personal Web pages; estate planning; Motorola pagers customized in differ-
ent colors, sizes, and shapes; personal weight-training programs; and modular furniture that
customers can configure to their unique needs and tastes. Customer involvement might occur
at the design (as in the case of custom signs), fabrication (Levi’s jeans), assembly (Motorola
pagers), or postproduction (customer-assembled modular furniture) stages of the value chain.
Mass customization requires companies to align their activities around differentiated cus-
tomer segments and design goods, services, and operations around flexibility.

3-4e Innovation

Innovation is the discovery and practical application or commercialization of a device, method, or idea that
differs from existing norms. Over the years, innovations in goods (such as telephones, automobiles,
computers, optical fiber, satellites, and cell phones) and services (self-service, all-suite hotels,
health maintenance organizations, and Internet banking) have improved the overall quality of
life. Within business organizations, innovations in manufacturing equipment (computer-aided
design, robots and automation, and smart tags) and management practices (customer satisfac-
tion surveys, quantitative decision models, and the Malcolm Baldrige criteria) have allowed
organizations to become more efficient and better meet customers’ needs.

Many firms, such as Apple, focus on research and development for innovation as a core
component of their strategy. Such firms are on the leading edge of product technology, and their
ability to innovate and introduce new products is a critical success factor. Product performance,
not price, is the major selling feature. When competition enters the market and profit margins fall,
these companies often drop out of the market while continuing to introduce innovative new prod-
ucts. These companies focus on outstanding product research, design, and development; high
product quality; and the ability to modify production facilities to produce new products frequently.

3-5 OM and Strategic Planning

The direction an organization takes and the competitive priorities it chooses are driven by
its strategy. The concept of strategy has different meanings to different people. Strategy
is a pattern or plan that integrates an organization’s major goals, policies, and action sequences into a
cohesive whole.”
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Strategies Aren't Always Successful

In the early 1990s, Walmart embarked on a strategy that dictated that a third of new growth would come from abroad. Walmart's
first store outside the United States was a Sam’s Club that opened in Mexico City in 1991. Mexico would go on to become the com-
pany’s most successful international market, followed by Canada, where it bought a struggling chain of stores in 1994 and turned

it around. But as the company pursued more acquisitions to hit its aggressive targets, criticism followed. “It was growth for growth's
sake,” says Yarbrough. To some, the deals seemed more opportunistic than deliberate. Says former Walmart executive Bendel, “It's a
little bit of an overstatement to say they had an international strategy—other than acquiring businesses in new markets.”

As Walmart expanded in Germany in 1998, they learned a brutal lesson. Walmart insisted on bagging groceries for customers,
which in Germany signaled a higher-end shopping experience and eroded Walmart’s value proposition. Clerks were required to
smile at customers, which was not socially acceptable in the country, Germans had trouble pronouncing the company’s name, and
the company clashed with unions. Eventually, they pulled out in 2006.2

Basically, a strategy is the approach by which an organization seeks to develop the capabilities
required for achieving its competitive advantage. Effective strategies develop around a few
key competitive priorities such as low cost or fast service time, which provide a focus for the
entire organization and exploit an organization’s core competencies, which are the strengths
that are unique to that organization. Such strengths might be a particularly skilled or creative
workforce, customer relationship management, clever bundling of goods and services, strong
supply chain networks, extraordinary service, green goods and services, marketing expertise,
or the ability to rapidly develop new products or change production output rates.

SOLVED PROBLEM 3.1

Define the customer benefit package (CBP) for a health club, + ways to improve and maintain the health and well-
recreation center, or gymnasium you frequent. (Check out the being of the body and mind
website of your favorite club, center, or gym for more informa-
tion.) Use this information to help describe the organization’s
strategic mission, strategy, competitive priorities, and how it
wins customers.

One example is depicted below.

friendly, professional staff that care about them

clean facilities, equipment, uniforms, parking lot, food
service, and the like

- customer convenience (location, food, communica-
tion, schedules, etc.)

Competitive #1 Priority: many pathways to healthy living
and a healthy body (design flexibility); #2 Priority: friendly,
professional staff and service encounters (service quality);
#3 Priority: super clean (goods, facility, and environmental
quality); #4 Priority: customer convenience in all respects
(time); and #5 Priority: price (cost).

How to win customers? Providing a full-service health club
with superior service, staff, and facilities. (Although you would
not see this in company literature, this health club provides
premium service at premium prices.)

Remember that each primary or peripheral good or service

Healthy Classes

Mind and
Body

Personal
Trainer

Diet and
Nutrition

Mission: The mission of our health club is to offer many
pathways to a healthy living style and body.
Strategy: We strive to provide our customers with superior:

in the customer benefit package requires a process to create
and deliver it to customers, and therefore OM skills are
needed.
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Strategic planning is the process of determining long-term goals, policies, and plans for
an organization. The objective of strategic planning is to build a position that is so strong in
selected ways that the organization can achieve its goals despite unforeseeable external forces
that may arise. Strategy is the result of a series of hierarchical decisions about goals, directions,
and resources; thus, most large organizations have three levels of strategy: corporate, business,
and functional. At the top level, corporate strategy is necessary to define the businesses in
which the corporation will participate and develop plans for the acquisition and allocation of
resources among those businesses. The businesses in which the firm will participate are often
called strategic business units (SBUs) and are usually defined as families of goods or services
having similar characteristics or methods of creation. For small organizations, the corporate
and business strategies frequently are the same.

The second level of strategy is generally called business strategy and defines the focus
for SBUs. The major decisions involve which markets to pursue and how best to compete in
those markets—that is, which competitive priorities the firm should pursue.

Finally, the third level of strategy is functional strategy, the means by which business
strategies are accomplished. A functional strategy is the set of decisions that each functional
area (marketing, finance, operations, research and development, engineering, etc.) develops
to support its particular business strategy.

Our particular focus will be on operations strategy—how an organization’s processes are
designed and organized to produce the type of goods and services to support the corporate
and business strategies.

3-5sa Operations Strategy

An operations strategy is the set of decisions across the value chain that supports the implementation
of higher-level business strategies. It defines how an organization will execute its chosen business
strategies. Developing an operations strategy involves translating competitive priorities into
operational capabilities by making a variety of choices and trade-offs for design and operating
decisions. That is, operating decisions must be aligned with achieving the desired competi-
tive priorities. For example, Progressive automobile insurance has developed a competitive
advantage around superior customer service. To accomplish this, its operating decisions have
included on-the-spot claims processing at accident sites; “Total Loss Concierge” service to
help customers with unrepairable vehicles get a replacement vehicle; and the industry’s first
Web 2.0 site, with easier navigation, customization, and video content.

To illustrate how operations strategy can support competitive priorities, consider two
types of business strategies for a manufacturer:

1. Produce a well-defined set of products in a fairly stable market environment as a low-
cost leader.

2. Provide high product variety and customization in a turbulent market that requires
innovative designs to meet customer—specific requirements.

In the first situation, the firm would be best served by emphasizing quality and cost reduction
in their make-to-stock strategy. This would require a well-balanced, synchronized supply chain
approach with strong supplier involvement, efficient assembly line final assembly processes, and
high work standardization. Some equipment and processes might be dedicated to a particular
product line or family of products. In this case, a highly efficient manufacturing system is needed.

In the second situation, the firm would need to be able to operate at different levels of
production volume while also achieving high quality and flexibility. An operations strategy
based on mass customization would be appropriate.

Product design would require constant innovation and shorter development cycles. Oper-
ations would need to be highly flexible in a make-to-order environment, producing batches
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of unique, customer-specified orders in low to moderate volumes, and using employees with
high skill levels and diverse capabilities.

Operations and supply-chain strategy for service businesses is somewhat similar to manu-
facturers but differs in seven unique ways, as described in Chapter 1. In Section 3.6a, we
discuss how operations strategy is reflected at McDonald’s to achieve its competitive priorities.

How operations are designed and implemented can have a dramatic effect on business
performance and achievement of the strategy. Therefore, operations require close coordina-
tion with functional strategies in other areas of the firm such as marketing and finance.

3-5b Sustainability and Operations Strategy

Sustainability is defined in previous chapters using three dimensions—
environmental, .social, and economic sustainability. Stakeholders su.ch Sustainabil ity is
as the community, green advocacy groups, and the government drive . .
environmental sustainability. Social sustainability is driven by ethics and an organizationa 1
human ideals of protecting the planet and its people for the well-being strate gy—it is broader
of future generations. Economic sustainability is driven by shareholders than a c¢ ompet itive
such as pension funds and insurance companies. Therefore, sustain- priority.
ability is an organizational strategy—it is broader than a competitive
priority. Sustainability requires major changes in the culture of the orga-
nization (see box on General Electric).

Companies such as Apple, Kaiser Permanente, and Nike view sustainability as a corporate
strategy. A majority of global consumers believe that it is their responsibility to contribute to a
better environment and would pay more for brands that support this aim. Likewise, retailers and
manufacturers are demanding greener products and supply chains. In 2007, Walmart Stores Inc.
announced that it would transition toward selling only concentrated laundry detergents, which

New Strategies for Environmental Sustainability

Many durable products such as cell phones, televisions, and refrigerators contain haz-
ardous materials and cannot be easily reused or recycled. As a result, organizations
need to rethink strategically the environmental challenges that result from obsolete
durable goods. Cell phones, for example, become obsolete quickly as a result of
manufacturers making rapid improvements in design, and service providers offer-
ing new incentives. Some new strategies that have been suggested include:

- Creating better designs that focus on ease of disassembly and lower costs for
refurbishing and recycling. This might include modular designs that make it easier
to reuse parts than to recycle them, or to recover valuable materials more easily.

Incorporating refurbishing and recycling activities into manufacturers’ value chains.
As many as 130 million phones are retired each year, with significant waste and envi-
ronmental implications.

Creating more secondary markets for refurbished phones. This can increase profits by enticing
users of voice-only phones to upgrade to data plans if the price of the phones can be reduced.

Developing new processes to collect and refurbish old phones. For example, ReCellular Inc. has part-
nered with Verizon, Motorola, Walmart, and others, but still it only captures 5 percent of retired phones, suggesting that the cell
phone value chain has not matured.’
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use much less water and therefore require less packaging and space for transport and storage.
Every major supplier in the detergent industry was involved. Government actions are also driv-
ing these initiatives. The 2009 U.S. stimulus package earmarked $70 billion for the development
of renewable and efficient energy technologies and manufacturing. The European Union has
set targets for reducing emissions to 20 percent of 1990 levels by 2020.

Companies that have embraced sustainability pursue this strategy throughout their opera-
tions. For example, computer maker Dell Inc. has announced that it is committed to becoming
“the greenest technology company on the planet.” Such a strategy often requires considerable
innovation in value chains, operations design, and day-to-day management. For example,
Dell launched a program called Design for the Environment that seeks to minimize adverse
impacts on the environment by controlling raw material acquisition, manufacturing processes,
and distribution programs while linking green policies with consumer use and disposal. This
framework encourages Dell’s product designers to consider the full product life cycle, and
it provides them with a platform for collaborating with suppliers, supply chain experts, and
external recycling experts and other downstream partners to help them fully understand the
environmental implications of their design decisions."

Companies are also paying closer attention to ethical issues of outsourcing, particularly
the human resource practices of off-shore suppliers, which may include unreasonable work
hours or unsafe working conditions. Such issues are more difficult to monitor when control is
relinquished to an off-shore manufacturer.

3-5c Global Supply Chains and Operations Strategy

Although not every organization operates in the global business environment, modern technol-
ogy and distribution have made it feasible and attractive for both large and small companies
to develop supply chains that span international boundaries. A multinational enterprise is
an organization that sources, markets, and produces its goods and services in several countries to minimize
costs, and to maximize profit, customer satisfaction, and social welfare. Examples of multinational enter-
prises include British Petroleum, General Electric, United Parcel Service, Siemens, Procter &
Gamble, Toyota, and the International Red Cross. Their value chains provide the capability to
source, market, create, and deliver their goods and services to customers worldwide. Multina-
tional enterprises operate complex supply chains that challenge operations managers. In today’s
global business environment, good supply chain design can lead to major reductions in total
supply chain costs and improvements in customer response time. (In Chapters 6 and 13, we
provide more detail on global supply chain decisions, purchasing, sourcing, and global logistics.)

One operations strategy question that multinational firms must answer is “What is our
supply chain strategy to meet slower growth in industrialized countries and more rapid growth
in emerging economies?” For example, Harley-Davidson (HD) has rewritten its corporate and
operations strategy, which drives changes in business and functional units, and process design.
HD has a long-term strategy to grow their international business to 50 percent of their total
annual sales volume by the late 2027. Sales had been declining since it peaked in 2006. HD
already has motorcycle assembly plants in countries like India, but recently announced it was
closing its Kansas City factory and moving work to another plant in York, New York and a new
factory in Thailand. Asia is a fast-growing market, but high tariffs have reduced sales. Such
decisions are controversial; however, HD sees no other viable option. Therefore, its supply
chains are becoming more global and its operations strategy must change accordingly.

One area that requires change is HD’s Supplier Code of Conduct. It must now operate in
places like Asia, China, Europe, India, and Latin America. HDs strategy is to manufacture
smaller bikes to increased foreign sales. It also wants to build more electric-powered bikes.
These product design changes fit the new markets. To do this, their operations strategy and
supplier relationships must change. New and smaller manufactured parts are sourced world-
wide based on performance measures like high quality, fast delivery, and low costs. Without
capable and high-quality manufactured parts, HD cannot meet its growth goals and fulfill
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its long-term strategy. Suppliers are also required to follow the laws of their host country, be
responsible in sourcing of materials and services, honor patents and trademarks, and practice
social, economic, and environmental sustainability.

Another area of HD’s operations strategy—its sustainability initiatives and practices—has
changed. A HD Sustainability Committee monitors social, legislative, and political trends
around the world that could affect the company’s supply chains and its processes. The com-
mittee assists senior management in setting corporate and operations strategy goals and to
ensure they are aligned. This includes manufactured goods recovery and recycling described
in Chapter 13 (see Section 13-6b).

HD’s logistic functions and global dealer networks are undergoing major changes also.
Harley-Davidson has partnered with UPS Supply Chain Solutions to help it deliver parts and
bikes to a global network of dealers and factories. Prior to this partnership, HD found that supplier
less-than-truckload shipments had increased freight costs far faster than the growth in sales.

The next section provides a framework for changing and aligning corporate, marketing,
and operations strategy as Harley-Davidson is doing now.

3-6 A Framework for Operations Strategy

A useful framework for strategy development that ties corporate and marketing strategy to
operations strategy was proposed by Professor Terry Hill at Templeton College, Oxford Uni-
versity, and is shown in Exhibit 3.3." It was originally designed for goods-producing organiza-
tions; however, it can also be applied to service-providing firms. This framework defines the
essential elements of an effective operations strategy in the last two columns—operations
design choices and building the right infrastructure.

Operations design choices are the decisions management must make as to what type of process
structure is best suited to produce goods or create services. It typically addresses six key areas—types of
processes, value chain integration and outsourcing, technology, capacity and facilities, inven-
tory and service capacity, and trade-offs among these decisions.

Infrastructure focuses on the nonprocess features and capabilities of the organization and includes
the workforce, operating plans and control systems, quality control, organizational structure, compensation
systems, learning and innovation systems, and support services. The infrastructure must support pro-
cess choice and provide managers with accurate and timely information to make good deci-
sions. These decisions lie at the core of organizational effectiveness, and suggest that the

General Electric: Green Starts at the Top

Jeffrey Immelt, the CEO of General Electric, proposed a green business strategy and plan to his 35 top executives in 2004,
and they voted against it. Immelt refused to take no for an answer and overruled his executives. The result of his efforts

is now defined in GE's highly successful Ecomagination initiative. Ecomagination (http://
ge.ecomagination.com) is a business strategy designed to drive innovation and the growth
of profitable environmental solutions while engaging stakeholders. GE invests in innovation
through its R&D efforts and outside venture capital investments. The resulting goods and ser-
vices enable GE and its customers to reduce emissions while generating revenue from their
sale. Combining profits and energy savings, GE continues to invest in environmental solu-
tions, perpetuating the cycle. Specific green and measurable targets have been established
by year. For example, GE's greenhouse gas (GHG) target set in 2008 has been exceeded by
30 percent.

Roman Sotola/Shutterstock.com
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EXHIBIT 3.3  Hill's Strategy Development Framework

How Do Goods and Operations Strategy
Services Qualify and
Win Orders in the Operations Design
Corporate Objectives Marketing Strategy Marketplace? Choices Infrastructure
+ Growth » Goods and services mar-  « Safety » Type of processes and » Workforce
+ Economic sustainability kets and segments « Price (cost) alternative designs + Operating plans and con-
(survival)! » Range - Range  Supply chain integration trol system(s)
* Profit + Mix « Flexibility and outsourcing + Quality control
» Return on investment + Volumes . Demand + Technology » Organizational structure
« Other market and finan- ~ « Standardization versus - Goods and service design Capacity and facilities « Compensation system
cial measures customization .+ Quality (size, timing, location) o sl e fimeve e
+ Social (welfare) + Level of innovation . Service * Inventory systems
sustainability' « Leader versus follower . Goods + Trade-off analysis « Support services
+ Environmental alternatives

sustainability' Environment

Social (community)

Brand image

Delivery

Speed
Variability
Technical support

Pre- and postservice
support

Sources: Adapted from T. Hill, Manufacturing Strategy: Text and Cases, 3rd ed., Burr Ridge, IL: McGraw-Hill, 2000, p. 32; T. Hill, Operations Management: Strategic Context and
Managerial Analysis, 2nd ed., Prigrame MacMillan, 2005, p. 50.

'Note: We have added sustainability criteria to Professor Hill's original framework.

integrative nature of operations management is one of the most important aspects of success.
Operations design and infrastructure criteria and decisions in Prof. Hill’s strategy framework
define the value chain that supports environmental, social, and economic sustainability.

A key feature of this framework is the link between operations and corporate and mar-
keting strategies. Clearly, it is counterproductive to design a customer benefit package and
an operations system to produce and deliver it, and then discover that these plans will not
achieve corporate and marketing objectives. This linkage is described by the four major deci-
sion loops illustrated in Exhibit 3.4. Decision loop #1 (shown in red) ties together corporate
strategy—which establishes the organization’s direction and boundaries—and marketing
strategy—which evaluates customer wants and needs and targets market segments.

The output of red loop #1 is the input for green loop #2. Decision loop #2 (green)
describes how operations evaluates the implications of competitive priorities in terms of pro-
cess choice and infrastructure. The key decisions are “Do we have the process capability to
achieve the corporate and marketing objectives per target market segment? Are our processes
capable of consistently achieving order-winner performance in each market segment?”

Decision loop #3 (blue) lies within the operations function of the organization and involves
determining if process choice decisions and capabilities are consistent with infrastructure
decisions and capabilities. The fourth decision loop (yellow loop #4) represents operations’
input into the corporate and marketing strategy. Corporate decision makers ultimately decide
how to allocate resources to achieve corporate objectives.

3-6a Operations Strategy at McDonald's

McDonald’s Corporation is the world’s leading foodservice retailer, with sales of almost
$23 billion in more than 32,000 restaurants in 117 countries, employing 1.6 million people.?
The company’s vision provides the basis for its strategy:
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EXHIBIT 3.4  Four Key Decision Loops in Terry Hill's Generic Strategy Framework

Corporate Marketing Qualifiers Operations Strategy
Objectives Strategy and
Order Winners Loop # 4
(Competitive
Priorities) /
L > Operations Infrastructure

/ \ Design
Choices _» «—
N e

Loop # 2

McDonald’s vision is to be the world’s best quick-service restaurant experience. Being

the best means providing outstanding quality, service, cleanliness, and value, so that we make

every customer in every restaurant smile. To achieve our vision, we focus on three worldwide

strategies:
1. Be the Best Employer
Be the best employer for our people in each community around the world.
2. Deliver Operational Excellence
Deliver operational excellence to our customers in each of our restaurants.
3. Achieve Enduring Profitable Growth

Achieve enduring profitable growth by expanding the brand and leveraging the
strengths of the McDonald’s system through innovation and technology.

McDonald’s also defines its “Values in Action” policies, program, and practices, which is

basically “doing the right thing.” In its Corporate Responsibility Report, it defines the follow-
ing four sustainability initiatives:

Build a sustainable McDonald’s that involves all facets of our business. For example,
McDonald’s is developing an environmental scorecard that drives greater awareness of
resource use (energy, water, air emission, and waste), with the ultimate goal of reducing
the environmental impact of its supply chains.

Commit to a three-pronged approach—reduce, reuse, and recycle. For example,

82 percent of McDonald’s packaging is made from renewable materials. In some global
markets, McDonald’s delivery trucks use their own reprocessed cooking oil for fuel.

Strive to provide eco-friendly workplaces and restaurants. Better recycling efforts have
diverted over 58 percent of waste normally targeted for a landfill to other recycling
uses. Green facilities have been built in countries such as Brazil, Germany, and France.

Work with suppliers and outside experts to continuously improve purchasing decisions
and evaluation of supplier performance regarding animal welfare. Animal welfare
scorecards and supplier audits in addition to better designs of animal-handling facilities
are two examples of this initiative.

McDonalds also actively participates in social media platforms to share information about

its sustainability policies and initiatives.
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What is the CBP that McDonald’s offers? Exhibit 3.5 shows the CBP, in which goods and
service content (food and fast service) are equally important to the primary mission, and are
supported by peripheral goods and services.

Exhibit 3.6 illustrates how Hill’s strategy framework can be applied to McDonald’s. One
corporate objective is profitable growth. The marketing strategy to support profitable growth
consists of adding both company-owned and franchised McDonald’s and Partner Brand res-
taurants. McDonald’s is committed to franchising as a key strategy to grow and leverage value
chain capabilities. Over 75 percent of McDonald’s restaurants worldwide are owned and
operated by independent businesspeople—{ranchisees.

The core competency to profitable growth is maintaining low-cost and fast service. To
support this strategy, McDonald’s has many operational decisions to make, such as: Does it
adopt an assembly-line approach to process design? Does it standardize store design to make
process flow, training, and performance evaluation consistent among stores? Does it standard-
ize equipment and job design work activities? The french fryer equipment and procedure are
a good example of standardizing equipment design. There is “only one way to make french
fries” in 32,000 stores worldwide, and this contributes to consistent goods quality, fast service,
and a standardized training program. Likewise, ordering by the numbers and digital print-
outs of customer orders in the drive-through improves order accuracy and speed of service.
Of course, the entire human resource function is built around the needs of the McDonald’s
value chain and operating systems. McDonald’s has been identified as one of the best places
to work by Fortune and The American Economic Review. Examples of supportive infrastruc-
ture include good hiring criteria, recognition and reward programs, training, and promotion
criteria.

A second corporate objective is operational excellence. The ultimate objective of opera-
tional excellence is satisfied customers. Operational excellence includes value chain, process,
equipment, and job efficiencies, as well as superior people-related performance—all focused
to support the service-encounter level. McDonald’s strategy is to deliver exceptional customer
experiences through a combination of great-tasting food, outstanding service, being a good
place to work, profitable growth, and consistent value. McDonald’s service goals also include
extended or 24-hour service to make McDonald’s the most convenient food-service choice
for customers. To put sparkle in McDonald’s service, initiatives include training for the unex-
pected and keeping it simple.

EXHIBIT 3.5 McDonald’s Customer Benefit Package

Happy
Meals

and Toys

Playgrounds

Birthday
Parties

McDonald's
Characters
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A third corporate objec-
tive is leveraging innovation and
technology capabilities. In the
United States, McDonald’s has

40 distribution centers to support

more than 12,000 restaurants and

about 350 suppliers. More than

2,000 safety and quality checks
surround McDonald’s food as it

moves through its supply chains
(from farms to restaurants).

Information technology is used

to coordinate the activities of

McDonald’s value chain.

process,
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The ultimate objective of
operational excellence
is satisfied customers.
Operational excellence

includes the value chain,

equipment,
job efficiencies,
well as superior people-
related performance—all
focused to support the
service-encounter level.

and
as

EXHIBIT 3.6  Applying the Hill's Strategy Development Framework to McDonald's

Corporate
Objective
Examples

Profitable Growth

Operational
Excellence

Leverage
Strengths through
Innovation and
Technology

Diversity

Sustainability

Marketing Strategy
Examples

Add worldwide 1,000
McDonald's restaurants
using company-owned
and franchised stores

Ideal store location, best
training and employee
well-being programs

Develop new food
items, store and
food mix

Tie demand analysis to
promotions

Long-standing
commitment to a diverse
workforce

Values in Action policies
and initiatives

How Do Goods and
Services Qualify and
Win Orders in the
Marketplace?

Competitive priorities tie

the corporate and marketing
strategies to the operational

strategy

@

e #1 Low prices

e #2 Quick service (delivery

speed)

e #3 High service quality

@

e #4 High goods quality
e #5 Demand flexibility

e #6 Brand image

@

Operations Strategy

Operating Design
Choice Examples

Flow shop process
design

Standardized store
design

Equipment design
Job design
Order-taking process
Capacity and facility
size, location, and
clusters

Global value chain
coordination

Suppliers

Resource scheduling
Inventory placement
and control

Distribution centers
Standardized operational
and job procedures

Store equipment
technology

Value chain information
systems to tie stores,
distribution centers, and
suppliers together

New food products

Training and franchising

e Process performance

Career paths

Greener supply chains
Recycling processes
Reduce energy use
Animal welfare

Infrastructure
Examples

Hiring process and
criteria

First job training
Recognition and rewards
Training for the
unexpected

Keeping it simple
Manager trainee
program

Coaching and counseling
Teamwork

E-mail capabilities

Operating plans and
control system(s)

Shift management
Supplier relations and
negotiation

Equipment maintenance
Online network
capability

Distribution centers

Quality control
Laboratory testing
Organizational structure
Compensation systems
Online network
capability

Learning and innovation
systems
Hamburger University

Greener buildings
Ronald McDonald House
Mobile health centers
Youth camps
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Ronald McDonald House in Ann Arbor, Michigan.

Another corporate objective
is developing and maintaining a
diverse workforce. Diversity at
McDonald’s means understand-
ing, recognizing, and valuing the
differences that make each person
unique. Hamburger University,
located in Oak Brook, Illinois, has
trained over 275,000 managers in
22 different languages and also
manages 10 international train-
ing centers in Australia, England,
Japan, Germany, and elsewhere.

McDonald’s supports its social
responsibility objective with over
200 Ronald McDonald House
Charities. Social responsibil-
ity activities also include funding

immunization programs for 1 million African children, Olympic youth camps, disaster relief,
and sponsored mobile health centers in underserved areas. Other corporate objectives not

shown in Exhibit 3.6 include a high return on investment, exploring nontraditional locations

for stores, and commitment to the environment.

Competitive priorities are derived from McDonald’s vision statement and strategy. The
ranking in Exhibit 3.6 reflects their importance. The competitive priorities tie the corporate
and marketing strategies to the operations strategy. The competitive priorities provide direc-
tion on key operations-strategy issues listed in the last two columns of Exhibit 3.6.

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



CHAPTER 3 LEARNING OBJECTIVE SUMMARIES

Explain how organizations seek to gain competitive
advantage. Creating a competitive advantage requires a funda-
mental understanding of two things. First, management must under-
stand customer wants and needs—and how the value chain can

Explain approaches for understanding customer

wants and needs. To correctly identify what customers expect
requires being “close to the customer.” There are many ways to do
this, such as having employees visit and talk to customers, having

Describe how customers evaluate goods and services.
Research suggests that customers use three types of attributes in
evaluating the quality of goods and services: search, experience,
and credence. This classification has several important implica-
tions for operations. For example, the most important search

and experience attributes should be evaluated during design

Explain the five key competitive priorities. Five key com-
petitive priorities are the following:

1. Cost—Many firms gain competitive advantage by establishing
themselves as the lowcost leader in an industry.

2. Quality—AQuality is positively and significantly related to a higher
return on investment for almost all kinds of market situations.

Explain the role of OM, sustainability, and opera-
tions in strategic planning. Developing an operations
strategy involves translating competitive priorities into opera-
tional capabilities by making a variety of choices and trade-offs
in design and operating decisions. That is, operating decisions

must be aligned with achieving the desired competitive priorities.

For example, if corporate objectives are to be the low-cost and
mass-market producer of a good, then adopting an assembly-
line type of process can help achieve this corporate objective.
How operations are designed and implemented can have a
dramatic effect on business performance and achievement of the
strategy. Therefore, operations require close coordination with
functional strategies in other areas of the firm, such as marketing

Describe Hill's framework for operations strategy.
Hill's framework defines the essential elements of an effective
operations strategy in the last two columns—operations design
choices and building the right infrastructure. These define the
value chain that supports environmental, social, and economic
sustainability. A key feature of this framework is the link between

best meet these needs through the design and delivery of customer
benefit packages that are attractive to customers. Second, manage-
ment must build and leverage operational capabilities to support
desired competitive priorities.

managers talk to customers, and doing formal marketing research.
The Kano model helps to differentiate between basic customer
needs, expressed needs, and the “wow” features that can often be
order winners.

and measured during manufacturing, and drive key operational
controls to ensure that they are built into the good with high
quality. Credence attributes stem from the nature of services, the
design of the service system, and the training and expertise of the
service providers.

3. Time—Customers demand quick response, short waiting times,
and consistency in performance.

4. Flexibility—Success in globally competitive markets requires a
capacity for both design and demand flexibility.

5. Innovation—Many firms focus on research and development for
innovation as a core component of their strategy.

and finance. An operations strategy should exploit an organiza-
tion’s core competencies, such as a particularly skilled or creative
workforce, customer relationship management, clever bundling of
goods and services, strong supply chain networks, extraordinary
service, marketing expertise, or the ability to rapidly develop new
products or change production output rates. Many companies
view sustainability as a corporate strategy. A majority of global
consumers believe that it is their responsibility to contribute to

a better environment and would pay more for brands that sup-
port this aim. Likewise, retailers and manufacturers are demand-
ing greener products and supply chains. Companies that have
embraced sustainability pursue this strategy throughout their
operations.

operations and corporate and marketing strategies. This linkage
is described by the four major decision loops that link together
the elements of the framework (see Exhibit 3.3). The integrative
nature of operations management is one of the most important
aspects of success.
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KEY TERMS

¢ Competitive advantage ¢ Infrastructure

¢ Competitive priorities e Innovation

¢ Core competencies e Mass customization

¢ Credence attributes * Multinational enterprise
¢ Experience attributes * Operations design choices

* Operations strategy
* Order qualifiers

¢ Order winners

¢ Search attributes

e Strategy

REVIEW QUESTIONS

ol

1.

Explain how organizations seek to gain competitive
advantage.

. Define order qualifiers and order winners.

. Explain approaches for understanding customer

wants and needs.

. Define search, experience, and credence attri-

butes, and provide an example of each.

. Describe how customers evaluate goods and

services.

. What are the five competitive priorities? Cite an

example of an organization that demonstrates the
competitive priority.

. Define mass customization and provide two

examples.

. What is innovation? Provide two examples from

well-known companies.

@ 9.
@ 10.

@ 1.
@ 12.

@ 13,
@ 14.

@ 15.
@ 16.

Define strategy. Explain how corporate, business,
and functional strategies support overall strategy.

Provide some examples of core competencies, and
explain the value to an organization of understand-
ing its core competencies.

What is operations strategy? How can it support
competitive priorities?

Explain the role of OM, sustainability, and opera-
tions in strategic planning.

Describe Hill's framework for operations strategy.

How does Dr. Hill’s strategy framework tie corpo-
rate strategy to marketing and operations strategy?

How would you rank McDonald’s competitive
priorities in Exhibit 3.6?

Provide three examples of McDonald’s
management making choices on sustainability.
(See Exhibit 1.13 in Chapter 1.)

DISCUSSION QUESTIONS AND EXPERIENTIAL ACTIVITIES

17.

What might the competitive advantage be for each
of the following companies?

eBay

Southwest Airlines
Starbucks

Apple

Facebook

Uber

3M

Amazon

S@e "m0 a0 oo

Bentley automobiles

j. Nordstrom

. Select a business with which you are familiar and

identify examples of order qualifiers and winners.
You might also research the businesses on the
Internet or visit the library.

@ 19.

@ 20.
D

Select a business with which you are familiar and
identify examples of customers using search, expe-
rience, and credence quality to evaluate the good
or service. You might also research the businesses
on the Internet or visit the library.

Provide examples of search, experience, and cre-
dence attributes for a ride sharing service such as
Uber or Lyft.

Choose an organization with which you are familiar
that falls into one of the following categories:

* sporting goods store

e haircut salon

e college bar or restaurant

* pizza business

® asports team

* wireless telephone service
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@ 28.

Define the firm’s strategic mission, strategy, and
competitive priorities. What are the order quali-
fiers and winners? What would operations have

to be good at to make this a successful business or
organization?

. How does a package delivery service such as UPS

or FedEx use the competitive priority “time” to its
competitive advantage? Research, then explain and
provide examples in a short paper (maximum of

two typed pages).

. How does Walmart use the competitive priority

“cost” to its competitive advantage? Research,
then explain and provide examples in a short paper
(maximum of two typed pages).

. How does Procter & Gamble use the competitive

priority “quality” to its competitive advantage?
Research, then explain and provide examples in a
short paper (maximum of two typed pages).

. How does your cell phone provider use the compet-

itive priority “flexibility” to its competitive advan-
tage? Research, then explain and provide examples
in a short paper (maximum of two typed pages).

. Compare Lyft (www.lyft.com) and Uber (www.

uber.com) strategies. Explain the similarities and
differences in their missions, strategies, and com-
petitive priorities, and how their operations strat-
egies might differ. Use the Internet or business
magazines to research the information you need.
Report your findings in a short paper (maximum

of two typed pages).

. Explain the interlinking model of quality and

profitability (Exhibit 3.2). How does it connect to
business and operations strategy? Can you provide
any examples of goods and services that support

and add credibility to this model?

Is it possible for a world-class organization to
achieve superiority in all five major competitive
priorities—price (cost), quality, time, flexibility,
and innovation? Explain your reasoning.

@ 33.
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. Why is sustainability a strategy and not a competi-

tive pri()rity? Explain your reasoning.

. Identify two firms that endorse sustainability as

part of their corporate strategy and discuss how
sustainability is integrated into their strategies.

. Research and write a short paper on a company

that has a clear strategy based on social and ethical
sustainability.

. Apply Hill’s strategy framework to a goods-

producing or service-providing organization of
your choice. This will require research to identify
corporate objectives and competitive priorities.
See the McDonald’s example in the chapter for
guidance and make sure that you emphasize OM
concepts, capabilities, and execution. Report
your findings in a short paper (maximum of two

typed pages).

Identify two competing organizations (e.g., AT&T
and Verizon, TaylorMade and Callaway golf club
manufacturers, or Starbucks and Panera). Explain
the differences in their missions, strategies, and
competitive priorities, and how their operations
strategies might differ. Use the Internet or business
magazines to research the information you need.
Report your findings in a short paper (maximum of

two typed pages).

. Research Apple and define its strategic mission, vi-

sion, corporate strategy, competitive priorities, and
operations strategy. What can you say about Apple’s
strategy and practices regarding sustainability? You
might use the Internet or visit the library. Report
your findings in a short paper (maximum of two

typed pages).

. How do the “Veja Company: Sneakers with

a Conscience” operations and supply chain
decisions and practices support their mission and
strategy? Provide examples and explain. Report
your findings in a short paper (maximum of two

typed pages).
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The Greater Cincinnati Chamber of Commerce

Founded in 1839 to facilitate the growth and ease
of commerce, the Greater Cincinnati Chamber of
Commerce (www.cincinnatichamber.com) is a membership
organization of approximately over 7,000 businesses and
organizations in the region that surrounds Cincinnati, Ohio.

The Chamber’s stated purpose is to serve its members and
region toward economic prosperity, and its vision are simple:

* Our purpose: To grow the vibrancy and economic pros-
perity of our region.
*  Our vision: We are the hottest city in America.

e Our core values: We are visionaries, collaborators, and
makers of change. We lead inclusively with passion, integ-
rity, and fun.

The Chamber delivers a diverse range of products and ser-
vices, including

e New Business Attraction

e Business Retention

e Elections and Voting

e Government Advocacy

e Education and Training Services

* Networking Events

* Awards and Recognitions

* Networking Opportunities

e Festivals and Events

e “Business Connections” membership directory

e Chamber newsletter(s)

While technically a not-for-profit organization, many Cham-
ber services are expected to generate an excess of revenues
over expenses, which is required to support a variety of non-
revenue-producing Chamber programs. The management
group defined a vision for the organization as follows: Be the
first place that businesses in the region go for solutions to the
competitive challenges of growth. Their growth statement is:

The Cincinnati Chamber drives growth by providing
business resources and accelerators, immersive engage-
ment opportunities and company cost-saving pro-
grams. We're equipped to help grow your talent pool,
navigate the regional workforce ecosystem and expand
your cultural thinking.

The Chamber is organized in a series of product-focused
departments. These departments interact directly with cus-
tomer segments to develop and deliver Chamber products
and services.

Support groups assist these line departments in prod-
uct and service delivery functions that include Information
Services, Administration, Human Resources, Marketing/
Communications, and Finance. In addition, the Chamber’s
Membership/Member Relations department serves Cham-
ber staff and members in providing information and access
to Chamber products and services, including Chamber
membership.

The Chamber has ongoing relationships with affili-
ate organizations that are housed within the Chamber’s
downtown Cincinnati office. Those affiliates include the
Cincinnati Minority Supplier Development Council, the
Cincinnati Minority Enterprise Business Mentoring Pro-
gram, The Japan-America Society, and many more.

The Chamber developed the “Measurement Report
Card” emphasizing measurement as the tool to drive effec-
tiveness. This Measurement Report Card links the Strategic
Plan, Program of Work, departmental and work group mea-
sures into one unified system. This Report Card incorpo-
rates a broadened set of measures, coupling financial goals
with penetration and satisfaction data through the quarterly
operations report.

Case Questions for Discussion:

1. Characterize the customer benefit package
that the Chamber offers. What other
peripheral goods might the Chamber provide to
complement its services? How might this affect
their strategy?

2. What sources of competitive advantage do you feel
the Chamber has? Who do they compete with?

3. Critique their mission and strategy. What operation-
al processes must they excel at to accomplish their
mission and vision?

4. Rank order their competitive priorities.

5. In many areas, a Chamber of Commerce is primar-
ily in the travel and tourism business. How does
the Greater Cincinnati Chamber of Commerce
appear to differentiate itself from these types of
organizations?
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Sustainable Lawn Care

Y/} hris, we make the highest-quality grass seed and
fertilizer in the world. Our brands are known
everywhere!” stated Caroline Ebelhar, the vice president
of manufacturing for The Lawn Care Company. “Yeah!
But the customer doesn’t have a Ph.D. in organic chem-
istry to understand the difference between our grass
seed and fertilizer compared to those of our competitors!
We need to also be in the lawn-care application service
business, and not just the manufacturer of super-perfect
products,” responded Chris Kilbourne, the vice president
of marketing, as he walked out of Caroline’s office. This
ongoing debate among Lawn Care’s senior management
team had not been resolved, but the chief executive offi-
cer, Mr. Steven Marion, had been listening very closely.
Soon they would have to make a major strategic decision.
The Lawn Care Company, a fertilizer and grass seed
manufacturer with sales of almost $1 billion, sold some of its
products directly to parks and golf courses. Customer ser-
vice in this goods-producing company was historically very
narrowly defined as providing “the right product to the right
customer at the right time.” Once these goods were deliv-
ered to the customer’s premises and the customer signed the
shipping documents, Lawn Care’s job was done. For many
park and golf course customers, a local subcontractor or the
customers themselves applied the fertilizer and seed. These
application personnel often did the job incorrectly, using inap-
propriate equipment and methods. The relationship among
these non-lawn care application service personnel, The Lawn
Care Company, and the customer also was not always ideal.

When claims were made against The Lawn Care
Company because of damaged lawns or polluted lakes
and streams, the question then became one of who was at
fault. Did the quality of the physical product or the way it
was applied cause the damage? Either way, the customers’
lawns or waterways were in poor shape, and in some cases
the golf courses lost substantial revenue if a green or hole
was severely damaged or not playable. One claim filed by a
green advocacy group focused on a fish kill in a stream near
a golf course.

One of Lawn Care’s competitors began an application
service for parks and golf courses that routinely applied
the fertilizer and grass seed for its primary customers. This
competitor bundled the application service to the primary
goods, fertilizer and grass seed, and charged a higher price
for this service. The competitor delivered and applied the
fertilizer on the same day to avoid the liability of storing
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toxic fertilizer outside on the golf course or park grounds.

The competitor learned the application business in the
parks and golf course target market segment and was begin-
ning to explore expanding into the residential lawn-care
application service target market. The Lawn Care Company
sold the “highest-quality physical products” in the industry,
but it was not currently in either the professional park and
golf course or the residential “application service” lawn-care
market segments. The Lawn Care Company considered its
value chain to end once it delivered its products to the job
site or non-lawn care application service. The competitor
sold the customer “a beautiful lawn with a promise of no
hassles.” To the competitor, this included an application
service bundled to grass seed and fertilizer.

Case Questions for Discussion:

1. Define Lawn Care’s current strategic mission,
strategy, competitive priorities, value chain,
and how it wins customers. What are the order
qualifiers and winners? Draw the major stages in its
value chain without an application service.

2. What problems, if any, do you see with Lawn Care’s
current strategy, vision, customer benefit package
and value chain design, and pre- and postservices?

3. Redo Questions (1) and (2) and provide a new or
revised strategy and associated customer benefit
package and value chain that is more appropriate for
today’s marketplace.

4. What does operations have to be good at to success-
fully execute your revised strategy?

5. What are your final recommendations?
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Integrative Case: Hudson Jewelers

he Hudson Jewelers case study found in MindTap inte-
grates material found in each chapter of this book.

Case Questions for Discussion:

1. Define and draw the customer benefit package
and state Hudson Jewelers’s strategy; rank order its
competitive priorities, order qualifiers, and order
winners; and state the ways they gain competitive
advantage.

2. Evaluate a customer’s retail store experience in
terms of search, experience, and credence at-
tributes. Provide some examples and explain why
they can be classified as search, experience, and
credence attributes.

3. Define in detail the attributes of “value” when
buying and codesigning a $50,000 wedding ring.
What creates a buying experience that would
delight the customer?
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Technology and Operations

Management

You may have heard a newer buzzword—the “Internet
of Things (IoT).” This refers to physical products with
embedded sensors that are connected to the Internet,
such as smart watches and fitness devices, thermo-
stats, lighting, security, and refrigerators, to name just a
few. IoT sensors on commercial appliances can delight
customers. A leaky refrigerator hose will immediately
trigger a text message to your phone, encouraging you
to get the problem fixed before the house floods. IoT
sensors will monitor your grocery supplies, and send a
resupply list as soon as you run short.

The IoT is changing operations management. Bar code
scanners and RFID chips have been in use for years to
track products in the supply chain and improve customer
response. Electronic screwdrivers with embedded sensors

LEARNING OBJECTIVES

After studying this chapter,
you will be able to:

Describe different types
of technology and their
roles in manufacturing

and service operations.

Explain how manufac-
turing and service tech-
nology and analytics
strengthen the value
chain.

Explain the benefits
and challenges of using
technology.

Describe key technol-
ogy decisions and how
analytics can assist in
making technology
decisions.

help workers screw in fasteners with the right torque. Part
bins have built-in scales that can alert workers if they
grab the wrong part. Sensors in manufacturing equipment
can automatically adjust ingredients, temperature, and
pressure in chemical processes, thus improving product
quality. They can be used to adjust the position of physi-
cal objects as they move down an assembly line so that
they are positioned correctly and accurately for process-
ing. Services will also be affected; tech experts make over
4 million house calls each year to help customers install
connected devices. Companies that sell IoT products and
have the expertise to support them will have an advantage
over their competitors such as Amazon and Walmart. The
IoT will require companies to overhaul their information
technology (IT), supply-chain, and logistics systems.!

CHAPTER 4: Technology and Operations Management 83

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.




84 PART ONE: Basic Concepts of OM and Value Chains

WHAT DO YOU THINK?

In what ways has technology benefited your life and work as a student?

Technology—Dboth physical and information—has dra-
matically changed how work is accomplished in every
industry, from mining to manufacturing, to education,
to health care. Technology is the enabler that makes
today'’s service and manufacturing systems operate
productively and meet customer needs better than ever.
Most of you probably cannot imagine living in a world
without personal computers, the Internet, or wireless
communications. However, new technology such as the
electric car requires a rethinking of the customer benefit
package, supply chain, and operations. With a limited
range, the practicality of electric vehicles requires the
ability to quickly charge batteries during longer trips.
Tesla is building a nationwide network of 30-minute
charging stations that will allow individuals to drive
across the entire United States. It is also developing
battery-swapping stations that can change the batter-
ies faster than a typical gasoline fill-up. Tesla refuses to
sell through independent dealers; it operates all its own
showrooms and service centers to avoid the middleman

price inflation and to build and maintain customer
relationships. Its manufacturing plant has a high level
of automation to manufacture body panels, and it uses
an army of industrial robots to assist workers in the
assembly process and to transport the vehicle through
the plant. Robots even insert seats and glue and set
windshields. (Search YouTube for “How the Tesla Model
S Is Made" for a behind-the-scenes tour.)

Technological innovation in goods, services,
manufacturing, and service delivery is a competitive
necesgity. In the early days of the Internet, Jack Welch,
retired CEO of General Electric, for example, pushed
GE to become a leader among traditional, old-economy
companies in embracing the Internet after noticing his
wife Christmas shopping on the Web. “I realized that if I
didn't watch it, I would retire as a Neanderthal,” he was
reported as saying, “So I just started reading everything
I could about it.” He began by pairing 1,000 Web-savvy
mentors with senior people to get his top teams up to
Internet speed quickly.?

41 Understanding Technology in Operations

We may categorize technology into two basic groups. Hard technology refers to equipment and
devices that perform a variety of tasks in the creation and delivery of goods and services. Some examples of

hard technology are computers, microprocessors, optical switches, satellites, sensors, robots,
automated machines, bar-code scanners, and radio-frequency identification (RFID) tags.
RFID tags are the modern successor to bar codes. RFID tags are tiny computer chips that
can be placed on shipping containers, individual products, credit cards, prescription medicines,
passports, livestock, and even people. They transmit radio signals to identify locations and track

movements throughout the supply chain. They have many applications in both manufacturing

and service industries. Retail, defense, transportation, and health care have begun requiring
their suppliers to implement this technology. RFID can bring visibility and enhanced security to
the handling and transportation of materials, baggage, and other cargo. RFID can help identify
genuine products from counterfeit knock-offs, thus helping to lower overall product and opera-
tional costs.? They have also been used to monitor residents in assisted living buildings and track

the movements of doctors, nurses, and equipment in hospital emergency rooms.

Soft technology refers to the application of the Internet, computer software, and information systems
to provide data, information, and analysis and to facilitate the creation and delivery of goods and services.
Some examples are database systems, artificial intelligence programs, and voice-recognition

software. Both types are essential to modern organizations (see the box about Amazon.com
later in this chapter). As described in the introduction to this chapter, the hybrid and ulti-
mately the electric vehicle are good examples of integrating hard and soft technology.
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Information technology (IT) provides the ability to inte-
grate all parts of the value chain through better management
of data and information. This leads to more effective strategic
and operational decisions to design better customer benefit
packages that support customers” wants and needs, achieve
competitive priorities, and improve the design and operation
of all processes in the value chain.

Increasingly, both hard and soft technology are being
integrated across the organization, allowing managers to make
better decisions and share information across the value chain.
Such systems, often called integrated operating systems (IOSs),
include computer-integrated manufacturing (CIM) systems,
enterprise resource planning (ERP) systems, and customer
relationship management (CRM) systems, all of which use
technology to create better and more customized goods and
services and deliver them faster at lower prices. We will discuss
these systems in the following sections.

Bayanova Svetlana/Shutterstock.com

4-1a Manmacwrmg TeChm)Iogy RFID tags such as this one are attached to objects and

Although high-tech, automated manufacturing processes used to track and manage inventory and assets.
receive a lot of media attention, much of the technology used

in small- and medium-sized manufacturing enterprises around

the world is still quite basic. The box on making jigsaw puzzles illustrates simple, low-tech,

manufacturing technology. Producing automobiles, jet engines, and other sophisticated prod-

ucts requires far more advanced methods. However, from an operations management stand-

point, all organizations face common issues regarding technology:

The right technology must be selected for the goods that are produced.

Process resources, such as machines and employees, must be set up and configured in
a logical fashion to support production efficiency.

Who's Making Steel Wire?

Voestalpine AG (www.voestalpine.com) opened a new steel rolling mill in Donawitz, Austria. It produces 500,000
tons of steel using 14 employees. Voestalpine’s strategy was not to compete with major bulk steel producers but
instead focus on high-value niche products such as steel wire. The Donawitz factory produces wire for use in shock
absorbers and piston cases for vehicle manufacturers such as BMW and Mercedes-Benz. Using 1960s technical
capabilities, a similar mill would employ over 1,000 people.

The red-hot metal moves along a 700-meter production line. Three technicians sit in a computer control room
called the “pulpit” with banks of flatscreens on the wall monitoring performance. They control the factory. Another
300 people work in support roles like purchasing, logistics, machine maintenance, and accounting. Wolfgang Eder,
the chief executive officer said, “In the long-run we will lose most of our classic blue-collar workers, people doing
the hot and dirty jobs of coking plants and around the blast furnaces. This will all be automated.”

During the last two decades, the steel industry worldwide has seen the number of worker-hours needed to pro-
duce a ton of steel decrease from 700 to 250 hours per ton.*
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Drescher Paper Box: Making Jigsaw Puzzles

Drescher Paper Box in Buffalo, New York, formed in 1867, manufac-
tures high-quality, laminated, cardboard jigsaw puzzles and board
games and assembles them for retail stores. Drescher also produces
cotton-filled jewelry boxes, candy boxes, business card boxes, and
custom-made industrial boxes. Manufacturing jigsaw puzzles consists
of three major steps: making the puzzle pieces, making the puzzle
boxes, and final assembly. A printed picture is cut to size and lami-
nated on a thick puzzle-board backing. Large presses are used to
cut the puzzle into pieces, which are then bagged. The box-making
process begins with blank cardboard. Boxes are scored and cut, then
laminated with printed graphics. In the final assembly process, the
puzzles are boxed and shrink-wrapped for shipment.

bogdan ionescu/Shutterstock.com

> Labor must be trained to operate the
equipment.

> Process performance must be continually
improved.

> Work must be scheduled to meet shipping
commitments/customer promise dates.

> Quality must be ensured.

4-1b Computer-Integrated
Manufacturing Systems
(CIMSs)

Much of the technology used in manufacturing
today is automated and linked with information
technology. Computer-integrated manufacturing
systems (CIMSs) represent the union of hardware,
software, database management, and communications to
automate and control production activities, from planning
and design to manufacturing and distribution. CIMSs
include many hard and soft technologies with a
wide variety of acronyms, vendors, and applications
and are essential to productivity and efficiency in
modern manufacturing.

The roots of CIMSs began with numerical
control (NC) machine tools, which enable the
machinist’s skills to be duplicated by a programmable
device (originally punched paper tape) that controls
the movements of a tool used to make complex shapes.
Computer numerical control (CNC) machines are
NC machines whose operations are driven by a computer.

Industrial robots were the next major
advance in manufacturing automation. A robot
is a programmable machine designed to handle materials
or tools in the performance of a variety of tasks. Robots
can be “taught” a large number of sequences of
motions and operations and even to make cer-
tain logical decisions. Other typical applications
are spray painting, machining, inspection, and
material handling. Robots are especially useful
for working with hazardous materials or heavy
objects; for instance, in nuclear power plants
robots are used to do work in highly radioactive
areas. Robots are currently being developed to
automate the sewing process in apparel factories.
In services, robots help doctors complete intri-
cate brain surgery by drilling very precise holes
into the skull.

Integrated manufacturing systems began to emerge with computer-aided design/computer-
aided engineering (CAD/CAE) and computer-aided manufacturing (CAM) systems. CAD/CAE
enables engineers to design, analyze, test, simulate, and “manufacture” products before they physically exist, thus
ensuring that a product can be manufactured to specifications when it is released to the shop floor. For example,
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Nissan is cutting in half the time needed to take
new cars from design to showroom, using com-
CIMS Facts

puter-aided design software. The Nissan Note
subcompact was rolled out to the Japanese mar-

ket just 10.5 months after its design was finalized, According to the National Research Council, companies with computer-
in contrast to the 20.75 months that the process integrated manufacturing system experience have been able to:

used to take.> CAM involves computer control of the
manufacturing process, such as determining tool move-
ments and cutting speeds.

- decrease engineering design costs by up to 30 percent;

- increase productivity by 40 to 70 percent;

Flexible manufacturing systems (FMSs) - increase equipment utilization by a factor of 2 to 3;
consist of two or more computer-controlled machines - reduce work-in-process and lead times by 30 to 60 percent; and

or robots linked by automated handling devices such
as transfer machines, conveyors, and transport systems.
Computers direct the overall sequence of operations and
route the work to the appropriate machine, select and load the proper tools, and control the operations performed
by the machine. More than one item can be machined or assembled simultaneously, and many dif-
ferent items can be processed in random order. Honda has been a pioneer in using FMSs and

« improve quality by a factor of 3 to 4.

robotic technology. Its competitive priorities are moving toward design and demand flexibility
so it is changing operating systems and technology to support these priorities. Honda assembly
plants use flexible manufacturing cells where the robots can be reprogrammed to build differ-
ent models of cars.® Today, many companies have achieved complete integration of CAD/CAE,
CAM, and FMSs into what we now call computer-integrated manufacturing systems (CIMSs).

4-1c Advances in Manufacturing Technology

Innovations in technology have changed manufacturing in many industries. You have undoubtedly
heard of 3-D printing, technically called additive manufacturing. This is the process of producing
a three-dimensional solid object from a digital model file. “Additive”
means that successive layers of material such as plastics, ceramics, or r
glass are built up rather than attained by traditional machining pro-
cesses such as milling or drilling, which remove materials.

3-D printing technology has numerous applications. For exam-
ple, industrial designers can quickly produce a physical model from
a digital computer-aided design drawing; this is often called rapid
prototyping and is used extensively in architecture, industrial design,
and automotive, aerospace, and other manufacturing industries. It is
used in the dental and medical industries for implants and prosthet-
ics, and even in the fashion industry a contestant on the TV show
“Project Runway” used it to create wearable fashion accessories! The
technology is expanding the customer benefit package, allowing con-
sumers to create custom products. For instance, Nokia introduced
3-D printing to make custom cases for mobile phones.

New types of industrial robots are being developed. Baxter
developed one that can be trained like a human being and costs
about half as much as the least expensive industrial robots currently
on the market. With no coding whatsoever, the robot can be taught,
and afterwards it will use common sense—if it drops something, it

will pick it up. Robots like Baxter let smaller manufacturers work
more efficiently, allowing real workers to put in work where it’s actu-

ally needed instead of spending time on menial sorting tasks.”

Tinxi/Shutterstock.com

Nanotechnology involves the manipulation of matter on 3-D printers can be used to create both prototypes

atomic, molecular, and supramolecular scales, thus bringing with it and working products.
super-precision manufacturing. Currently applied mostly in space
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.. . technology and biotechnology, it is going to
Alcoa: 3-D Printing for Jet Engine Parts play an indispensable role in every manu-

facturing industry in the future. In many
ways, it has already changed the world.
Examples of application in nanotechnology
include:

Alcoa makes parts for gas turbines used in commercial jets that have to
handle temperatures of up to 2,000°F and the stresses of aviation. Between
tooling, development, and casting, it used to take Alcoa upward of a year
to manufacture one of the nickel-alloy parts that go into an engine. With

Faster computer processing.

additive manufacturing, Alcoa has managed to cut in half the time required Superconductive materials based on
to develop the process and manufacture the part and cut the cost of the carbon nanotubes lifting magnetic
process by about 25 percent. Alcoa pairs computer-aided design, or CAD, cars and trains.

with 3-D printing to construct the die from a computer file, layer by layer. A Smaller memory cards that have
process that once took half a year could be completed in two to eight weeks, more memory space.

) . . . s
allowing the company to dramatically increase its output. Clothes that last longer and keep the

I carcr cool in the summer,

Bandages that heal wounds faster.”

All of these advances—and more that are on the horizon—will continue to make OM a
challenging and exciting field.

4-1d Service Technology

You have undoubtedly encountered quite a bit of service technology in your own daily life.
Technology is used in many services, including downloading music, banking, automated car
washes, voice recognition in telephone menus, medical procedures, hotel and airline kiosks, and
entertainment such as the robots used in Disney World’s Hall of Presidents and Country Bear
Jamboree attractions. One innovation that is being used by Stop & Shop, a grocery chain serving
New England, is a portable device called EasyShop. EasyShop is a handheld terminal that allows
loyalty card shoppers to scan items as they shop and receive targeted offers. Shoppers can also
place an order at the deli department, for example, and then be alerted when the order is ready."

Other service technologies are used behind the scenes in hotels, airlines, hospitals, and retail
stores to facilitate service experiences. To speed order entry for pizza delivery, for instance, many
firms use a touch-sensitive computer screen that is linked to a customer database. When a repeat
customer calls, the employee need only ask for the customer’s phone number to bring up the
customer’s name, address, and delivery directions (for a new customer, the information need only
be entered once). The employee is able to address the customer immediately by name, enhanc-
ing the perception of service quality, and then enter the order quickly on the touch-sensitive
screen to print for the kitchen, eliminating errors due to misreading of handwritten orders."

Perhaps the most common service technology in use today involves the Internet. E-service
refers to using the Internet and technology to provide services that create and deliver time, place, information,
entertainment, and exchange value to customers and/or support the sale of goods. Many individuals use
airline, hotel, and rental car websites or “one-stop” e-services like Microsoft Expedia in plan-
ning a vacation. The Internet of Things, digital personal assistants, and virtual reality offer
new experiences for customers.

42 Technology in Value Chains

Technology, especially the Internet and e-communications, is changing the operation,
speed, and efficiency of the value chain and presents many new challenges to operations
managers. In many situations, electronic transaction capability allows all parts of the
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value chain to immediately
recognize and react to

Kroger: Leveraging Two Seconds of Savings

changes in demand and
supply. This requires
tighter integration of
many of the components
of the value chain. In some

Bar code scanners have been used in grocery stores for many years, requiring associates to
scan items manually in the checkout lanes. Using a patented technology, the national gro-
cery chain Kroger has been testing a new innovation called Advantage Checkout, designed
to save customers time as well as to save the company operating costs and labor. Customers
place items on a quick-moving conveyor belt. The items enter a tunnel lined with high-
powered cameras to capture images of the products and scan the bar codes, then leave the
tunnel on another conveyor to be bagged. The scanner can perform the function of several
traditional or self-checkout lanes, takes up less floor space, and requires fewer workers. For a
process that is done thousands of times in 2,400 stores, Kroger’s CFO noted, “You can really
leverage two seconds of savings that way."'?

cases, technology provides
the capability to eliminate
parts of the traditional
value chain structure and
streamline operations.
Business analytics
plays a critical role in
managing value chains. |
particularly for integrating
and analyzing data
throughout the value chain within an information systems framework. Netflix, for example,
uses analytics everywhere, from marketing to operations to customer service. Netflix
collects extensive data using surveys, website user testing, brand-awareness studies, and
segmentation research. It uses analytics to help decide what price to pay for the rights to
distribute new DVDs."® Using data on customer preferences, film ratings, and comparisons
with people who have similar viewing and preference histories, Netflix predicts movies that
a customer is likely to enjoy and creates personalized recommendations. This information
also helps manage its film inventory by recommending older movies to balance demand
for newer releases.'
Customer relationship management (CRM) is a business strategy designed to learn more
about customers’ wants, needs, and behaviors in order to build customer relationships and loyalty, and
ultimately enhance revenues and
profits. CRM exploits the vast

amount of data that can be col- Technology s especially
lected from consumers. For the Internet and
example, using a cell phone to e-communications, is

make a voice call leaves behind chanegin the operation
data on whom you called, how & & p ’

long you talked, what time you Speed , and effiCiency
called, whether your call was of the value chain
successful or it was dropped, and presents many new

your location, the Promohon chall enges to operat ions
you may be responding to, and
purchase histories.'” Similarly, managers.

supermarkets, drugstores, and
retail stores use “loyalty cards” that leave behind a digital trail of data about purchasing

patterns. By better understanding these patterns and hidden relationships in data, stores
can customize advertisements, promotions, coupons, and so on down to each individual
customer and send targeted text messages and e-mail offers.

A typical CRM system includes market segmentation and analysis, customer service and
relationship building, effective complaint resolution, cross-selling of goods and services, and
pre- and postproduction processes such as preproduction order processing and postproduc-
tion field service. Of course, the value chain must be capable of delivering what the customer
wants, and that is where sound operational analysis is required.
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CRM helps firms gain and maintain competitive advantage by:
segmenting markets based on demographic and behavioral characteristics;
tracking sales trends and advertising effectiveness by customer and market segment;

identifying which customers should be the focus of targeted marketing initiatives with
predicted high customer response rates;

forecasting customer retention (and defection) rates and providing feedback as to why
customers leave the company;

identifying which transactions are likely to be fraudulent;

studying which goods and services are purchased together, and what might be good
ways to bundle them (i.e., the customer benefit package);

studying and predicting what Web characteristics are most attractive to customers and
how the website might be improved; and

linking the previous information to competitive priorities by market segment and pro-
cess and value chain performance.

In recent years, cloud computing has improved the efficiency, productivity, and cost for
organizations using information technology and CRM. Many now outsource CRM and other
IT services; for instance, Netflix outsourced most of its Web technology work to Amazon.

43 Benefits and Challenges of Technology

Technology provides many benefits but at the same time poses some key challenges. A summary
of the benefits and challenges of technology is given in Exhibit 4.1. Can you think of others?
One major benefit of technology has been its impact on sustainability. In Florida, for
example, Card Sound Golf Club in Key Largo had an underground sensor system installed
that allowed the club to cut in half the amount of fresh water it used to flush salt out of water
used to irrigate the golf course. Many other golf courses are using this advanced sensor tech-
nology to reduce water consumption and keep their golf courses green—and not just in color.'®
Intel suggests that the microprocessor is the “ultimate invention for achieving sustain-

»17

ability.”!” Microprocessor-based information and communication technology (ICT) provides
sustainable economic, environmental, and social benefits on a national and global basis,
often contributing to substantial economic gains through better productivity. These gains
have significantly offset carbon usage, enabling more productivity, fewer miles traveled, and

greater operational and material efficiencies. ICT is responsible for a phenomenon known as

EXHIBIT 4.1 Example Benefits and Challenges of Adopting Technology

Benefits Challenges

Creates new industries and job opportunities Higher employee skill levels required, such as information technology and

Restructures old and less productive industries service management skills

Integration of old (legacy) and new technology and systems

Job shift and displacement

Less opportunity for employee creativity and empowerment
Protecting the employee’s and customer’s privacy and security

Fewer human service providers, resulting in customer ownership not
being assigned, nonhuman service encounters, and inability of the cus-
tomer to change decisions and return goods easily

Information overload

Global outsourcing and impact on domestic job opportunities

Enforcement of regulations and laws to support sustainability
Monitors the environment and health of the planet goals

Integrates supply and value chain players

Increases marketplace competitiveness and maintains the survival
of the firm

Provides the capability to focus on smaller target market segments
through mass customization

Improves/increases productivity, quality, customer satisfaction, speed,
safety, and flexibility/customization—does more with less

Lowers cost

Raises world’s standard of living

.
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dematerialization, by which the same or an increased quality and quantity of goods and/or
services are created using fewer natural resources. ICT has also enabled flexible work options
such as telecommuting, which not only yields environmental benefits but social benefits as well.

4-4 Technology Decisions and Implementation

Managers must make good decisions about introducing and using new technology. They must
understand the relative advantages and disadvantages of using technologies and their impact on the
workforce. Although technology has proven quite useful in eliminating monotony and hazardous
work, and can help people develop new skills and talents, it can also rob them of empowerment
and creativity. The goal of the operations manager is to provide the best synthesis of technol-
ogy, people, and processes; this interaction is often called the sociotechnical system. Designing
the sociotechnical system includes making decisions about job specialization versus enlargement,
employee empowerment, training, decision support systems, teams and work groups, job design,
recognition and reward, career advancement, and facility and equipment layout.

A key factor that affects technology decisions is scalability. Scalability is a measure of the
contribution margin (revenue minus variable costs) required to deliver a good or service as the business grows
and volumes increase. Scalability is a key issue in e-commerce. High scalability is the capability to
serve additional customers at zero or extremely low incremental costs. For example, Monster.com is an
online job posting and placement service that is largely information intensive. Customers can
post their resumes on the Monster.com website and print out job advertisements and oppor-
tunities from their office or home computers at their expense. This service is highly scalable
because its fixed costs are approximately 80-85 percent of total costs.

The incremental cost to serve an additional customer is very small, yet the revenue
obtained from this customer remains high. If an organization establishes a business where the
incremental cost (or variable cost) to serve more customers is zero, then the firm is said to be
infinitely scalable. Online newspapers, magazines, and encyclopedias; e-banking services; and
other information-intensive businesses have the potential to be infinitely scalable.

Process Innovations N Restaurants

Letting customers order food, pay their bills, and pro-
vide feedback through tableside tablets is a quickly
evolving trend in large chain restaurants such as Chili’s,
Applebee’s, Olive Garden, Panera, and Pizzeria Uno. This
technology is improving efficiency and customer satis-
faction, and helps the organizations to better hear the
voice of their customers. Each of the restaurant chains
reported more efficient operations and more dollars
spent per order. Tablets reduced the average time cus-
tomers spent at tables by 10 minutes. Receipts printed
at tables or sent via e-mail significantly reduce the time
servers spend bouncing among tables. The faster a
restaurant can turn its tables—move customers in and
out—the higher its profits. In addition to the time factor,

st

Panera’s table-side tablets resulted in fewer order errors, and customer orders were $5 higher than average. The tablets are pro-

|
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Peter Bernik/Shutterstock.com

viding restaurants with customer feedback, ordering patterns, and other data that can be used to streamline service operations.'
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On the other hand, low scalability
Although technology implies that serving additional customers
has proven du ite requires high incremental variable costs. Many

useful in eliminat il’lg of the dot.com companies that failed
monotony and hazard- around the year 2000 had low scalabil-

ity and unsustainable demand (volumes)
ous work, and can help created by extraordinary advertising

people develop new expenses and artificially low prices.
skills and talents, Many companies do not really

it can also rob them understand how to implement technol-
£ d ogy effectively. The risk of a technology
o empowerment an adoption failure is high. For instance,

creativity. one major candy company installed

three software packages just as retailers

placed orders for Halloween candy. The

software was incompatible with other systems, and candy piled up in warehouses because

of missed or delayed deliveries. Such experiences are reminiscent of comparable failures of

automated manufacturing technology encountered by the automobile and other industries

during the 1970s. Reasons include rushing to the wrong technology, buying too much and not
implementing it properly, and underestimating the time needed to make it work.

4-4a Analytical Methods for Technology Decisions

Making technology decisions is not always easy. Analytical methods based on data can provide
more informed decisions, particularly when economics plays a key role. We will discuss two
simple techniques for applying analytics—decision analysis and break-even analysis—and
illustrate their application to technology decisions.

Decision Analysis for Technology Decisions Decision analysis is the formal study
of how people make decisions, particularly when faced with uncertain information, as well as a collec-
tion of techniques to support the analysis of decision problems. Supplement B provides a short
tutorial on decision analysis and explains how to structure decision problems analyti-
cally and choose the best decision. Solved Problems 4.1 and 4.2 apply these techniques
to technology decisions. We suggest that you review this appendix before studying the
solved problems.

Maling Manufacturing needs to purchase a new piece of machining equipment. The two choices are a conventional (labor-
intensive) machine and an automated (computer-controlled) machine. Profitability will depend on a future unknown event—the
demand volume. The following table presents an estimate of the net present value of profit over the next three years.

Demand Volume

Decision Low High
Conventional machine $15000  $21,000
Automated machine $9,000 $35,000

Given the uncertainty associated with the demand volume, and no other information to work with, what decisions should the com-
pany make using the maximax, maximin, and minimax-regret criteria?
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Solution:

For the maximax criterion (maximize the maximum profit), we have:

Decision Maximum profit
Conventional (d)) $21,000
Automated (d,) $35,000

maximax decision = d,

For the maximin criterion (maximize the minimum profit), we have:

Decision Minimum profit
Conventional (d,) $15,000
Automated (d.,) $9,000

maximin decision =d,

Using the minimax regret criterion, we construct the opportunity loss matrix and find the decision that minimizes the maximum
opportunity loss:

Opportunity Loss Matrix:

Decision Low High Maximum

Conventional (d,) 0 $14,000 $14,000

Automated (d,) $6,000 0 $ 6,000
minimax regret decision = d:>

Exhibit 4.2 shows the Decision Analysis Excel template in MindTap applied to this problem.

EXHIBIT 4.2  Excel Decision Analysis Template for Solved Problem 4.1

| A B c D E | F | G H | 1
1 |Decision Analysis Copyright @ 2017 Cengage Learning
2 EEI’![BI the data only in the yellow cells. Not for commercial use.
3 |This template is designed to allow up to 5 decision alternatives and future events.
4 |Enter names of decision alternatives and future events in the appropriate cells in column A or K and row 7. Probabilities are optional.
<1
6 |Payoff Table Future Events
7 |Dedsion Alternative Low High Maximum | Mini Expected Value
8 [Cor i | machine £15,000.00| 521,000.00 $21,000.00| 515,000.00
9 |Automated machine $9,000.00| $35,000.00 $35,000.00| $9,000.00|
10
11
12 |
13 Probability Maximum Expected Value so.00]
14
15 | Opportunity Loss Matrix Future Events
16 |Dedision Alternative Low High Maximum |
17 |Conventional machine $0.00] $14,000.00 $14,000.00]
18 |Automated machine $6,000.00 $0.00 $6,000.00]
19 |
20|
|
22 |
23 | Maximax Decision Automated machine
24 |Maximin Decision Conventional machine
25  Opportunity Loss Decisk Automated machine
26 Expected Value Decision aNSA
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An aggressive, risk-taking manager would use the maximax criterion that would choose the decision that maximizes the maxi-
mum profit among all events—in this case, the automated machine. A conservative, risk-averse manager would use the maximin
criterion that would choose the decision that will maximize the minimum possible profit among all events—in this case, the con-
ventional machine. The minimax regret criterion chooses the decision that minimizes the maximum opportunity loss; this would be
the automated machine. There is no optimal decision; the decision involves determining how much risk one is willing to take.

SOLVED PROBLEM 4.2: MAKING A TECHNOLOGY CHOICE DECISION

WITH EVENT PROBABILITIES

In the Maling Manufacturing situation in Solved Problem 4.1, suppose that the company can obtain reasonable estimates of the
probabilities that the future demand will be high or low. Based on their research, they estimate a 0.6 probability of a low demand
volume and a 0.4 probability of a high demand volume. What is the expected value decision and expected value of perfect
information (EVPI)?

Solution:
Demand Volume
Decision Low High
Conventional machine $15,000 $21,000
Automated machine $9,000 $35,000
Probability 06 04

The expected profits for each decision are:

Expected value for conventional machine = 0.6(515,000) + 0.4($21,000) = $17,400
Expected value for automated machine = 0.6($9,000) + 0.4($35,000) = $19,400

The automated machine has the highest expected value of profit. However, as noted in Supplement B we must be cautious in using
expected values for one-time decisions. If we choose the automated machine, the outcome will be either $9,000 or $35,000. The
expected value of $19,400 will never occur. If it turns out that the demand volume is low, then we clearly made a bad decision.

The EVPI is the expected opportunity loss (EOL) associated with the best decision, namely, the automated machine (see the
opportunity loss matrix in Solved Problem 4.1), or

EOL(automated machine) = 0.6($6000) + 0.4(0) = $3600 = EVPI.

This is the maximum amount that we can improve profit by having better information about the future event (that is, whether the
demand will be low or high).

Another way of computing EVPI is to determine how much more profit we could achieve by having perfect information. If we
would know that the demand will be low, we would choose the conventional machine and obtain a profit of $15,000; if we would
know that the demand will be high, we would choose the automated machine and obtain a profit of $35,000. By weighting these
values by their probabilities we obtain the expected profit by having perfect information:

Expected profit with perfect information = 0.6($15,000) + 0.4(35,000) = $23,000.

Therefore, having perfect information would increase the expected value from $19,400 to $23,000, or an increase of
$23,000 — $19,400 = $3600. This is EVPI. Exhibit 4.3 shows the Excel Decision Analysis template for this problem.
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EXHIBIT 4.3 Excel Decision Analysis Template for Solved Problem 4.2

e & | B ! € | D ! E L A ] | H | !
1 |Decision Analysis Copyright @ 2017 Cengage Learning
2 |Enter the data only in the yellow cells. Not for commercial use,
3 |This template is designed to allow up to 5 decision alternatives and future events,
4 _|Enter names of decision alternatives and future events in the appropriate cells in column A or K and row 7. Probabilities are optional.
-]
6 |Payoff Table Future Events |
7 Dedision Alternative Low High | Maxi Mini Expected Value |
g |Conventional machine $15,000.00| 521,000.00 $21,000.00] $15,000.00 51?.400.00|
9 Automated machine £9,000.00] 535,000.00 $35,000.00 £9,000.00/ 519,400.00'
10
11
12| |
13 | Probability 0.60 0.40 Maxi Expected Value $19,400.00]
14 |
15 |Opportunity Loss Matrix___[Future Events |
16 Dedsion Alternative Low High [maximum
17 Conventional machine $0.00| $14,000.00 $14,000.00,
18 |Automated machine $6,000.00 $0.00 $6,000.00
19
20|
21
22
23 Maximax Decisi Al d machine
24 |Maximin Decision Conventional machine
25 Opportunity Loss Decisi Al i machine
26 Expected Value Decision Automated machine
27 EvPl $3.600.00 |

Break-Even Analysis for Technology Decisions Break-even analysis is a simple ap-
proach to analyze profit or loss, or to make an economical choice between two options that vary
with volume. Supplement C provides a short tutorial on break-even analysis, and we suggest that
you review this before studying the solved problems.

SOLVED PROBLEM 4.3: EVALUATING TECHNOLOGY DECISIONS USING

BREAK-EVEN ANALYSIS

Based on its initial decision analysis, Maling Manufacturing has decided to purchase an automated machine. However, two vendors,
A and B, can provide the technology, but their costs differ. Maling Manufacturing has determined that if it purchased the machine
from vendor A, it would cost $85,000, but the unit cost for each part, will only be $3.50. If they purchase from vendor B, the machine
would cost $60,000 but the unit cost of each part would be $5.00 because of higher maintenance. They anticipate making 20,000
parts over the life of the machine; however, the actual value is uncertain. Which one should be chosen? How would the uncertainty
about the number of parts needed affect this decision?

Solution:

a. Using formulas (C.1) and (C.7) in Supplement C, we have
Total cost (TC) = Fixed cost (FC) + Unit cost (C) X Quantity (Q) (C.1)

TCA =FCA + CA x Q= $85,000 + $3.50(20,000) = $155,000
TCB =FCB + CB x Q = $60,000 + $5.00(20,000) = $160,000

Cost difference (D) = Total cost vendor A (TCA) — Total cost vendor B (TCB) (C.7)
D =TCA -TCB =$155,000 — $160,000 = —-$5,000
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Therefore, the machine from vendor A is less expensive and should be chosen. Exhibit 4.4 shows the Excel Break-Even template

from MindTap for these calculations.

EXHIBIT 4.4  Comparison of Vendor Costs Using the Excel Break-Even Template for Solved Problem 4.3

G H
4 |Technology Choice Decision
5 Quantity 20,000
6
7 |Option A
8 Fixed cost $85,000.00
9 Unit cost $3.50
10
11 Option B
12 Fixed cost S60,000.00
13 Unit cost $5.00
14
15 Total Cost Option A $155,000.00
16 | Total Cost Option B 5160,000.00
17 | Cost difference (Option A - Option B) -55,000.00
18 Economical Decision Option Al

Because of the uncertainty in the number of parts they will need to make, finding the break-even point would help in making a
rational decision. As explained in Supplement C, set the total costs equal to each other and solve for the break-even point:

$85,000 + $3.50Q* = $60,000 + $5.00Q*
$25,000 = $1.50Q*
Q* = 16,667 units

Unless there is a substantial risk that the required production would fall below this value, the company should still choose vendor A.
We could use the Excel Goal Seek tool as described in Supplement C to find the break-even point using the Excel template. This is

shown in Exhibit 4.5.

EXHIBIT 4.5 Break-Even Point Using the Excel Break-Even Template for Solved Problem 4.3

G H
4 |Technology Choice Decision
5 Quantity 16,667
6 i
7 |Option A
8 Fixed cost $85,000.00
9 Unit cost $3.50
10 |
11 |Option B
12 Fixed cost $60,000.00
13 Unit cost $5.00
14
15 Total Cost Option A 5143,333.33
16 Total Cost Option B $143,333.33
17 | Cost difference (Option A - Option B) 50.00
18 Economical Decision Break-even
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SOLVED PROBLEM 4.4: A RENT-0R-BUY DECISION

The Physics Laboratory is trying to decide whether it should rent or purchase a copier machine. The cost of renting a machine
would be $200 per year including all service calls plus $0.04 (4 cents) per page copied. The cost of purchasing a machine would
be $600 plus $50 per year for a service contract in case the machine breaks down. There is no variable cost associated with pur-
chasing the machine. The laboratory will have to purchase its own paper regardless of whether it rents or purchases the copier
machine. For what quantities of copies will it be advantageous to rent the machine instead of purchasing it?

Solution:

This problem is similar to the outsourcing example in Supplement C. Purchasing is analogous to producing in-house, and renting is
analogous to outsourcing. To determine whether it is advantageous to rent instead of purchasing, we need to find the break-even
point. If Q = number of copies, then the cost of purchasing is $600 + $50 = $650 (a fixed cost). The cost of renting is $200 + $0.04Q.
The break-even point is found by solving

$650 = $200 + $0.04Q*
Q* = $450/50.04 = 11,250 pages

If the number of copies is less than the break-even quantity of 11,250 pages, it is cheaper to rent than purchase. Exhibit 4.6 shows
the use of the Excel Break-Even template after using Goal Seek to find the break-even quantity.

EXHIBIT 4.6 Portion of Excel Break-Even Template for Solved Problem 4.4

D E
4 Outsourcing Decision
> Q ity 11,250
6
7 Produce In-House
8 Fixed cost 5650.00
9 Unit cost
10
11 Outsource
12 Fixed cost 5200.00
13 Unit cost 50.04
14
15 Total In-House Production Cost 5650.00
16 Total Outsourced Cost $650.00
17 Cost difference (In-House - Outsourced) $0.00
18 Economical Decision Break-even
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Describe different types of technology and their role in
manufacturing and service operations. Some examples of
hard technology are computers, computer chips and microproces-
sors, optical switches and communication lines, satellites, sensors,
robots, automated machines, and RFID tags. Some examples of soft
technology are database systems, artificial intelligence programs,
and voice recognition software. Computer integrated manufacturing
systems (CIMSs) play an important role in modern manufacturing.

All organizations face common issues regarding technology:

Explain how manufacturing and service technology
and analytics strengthen the value chain. With all the
new technology that has evolved, a new perspective and capabil-
ity for the value chain has emerged—the e-commerce view of the
value chain. This includes business-to-business (B2B), business-to-
customer (B2C), customer-to-customer (C2C), and government-to-
customer (G2C) value chains; some examples are GE Plastics, Federal
Express, and eBay, respectively. Business analytics play a critical role
in managing value chains, particularly for integrating and analyz-
ing data throughout the value chain within an information systems

Explain the benefits and challenges of using technology.
Benefits and challenges are summarized in Exhibit 4.1. Benefits include
new jobs, higher productivity and quality, improved competitiveness,

Describe key technology decisions and how analytics
can assist in making technology decisions Managers
must understand the relative advantages and disadvantages of
using technologies and their impact on the workforce, such as job
specialization versus enlargement, empowerment, training, teams

CHAPTER 4 LEARNING OBJECTIVE SUMMARIES

e The right technology must be selected for the goods that are
produced.

® Process resources such as machines and employees must be set
up and configured in a logical fashion to support production
efficiency.

® | abor must be trained to operate the equipment.

® Process performance must be continually improved.

e \Work must be scheduled to meet shipping commitments/
customer promise dates.

e Quality must be ensured.

framework. Two key information systems that drive value chain
management are enterprise resource planning (ERP) and customer
relationship management (CRM). ERP combines each department's
information into a single, integrated system with a common database
so that departments can easily share information and communicate
with each other. A typical CRM system includes market segmentation
and analysis, customer service and relationship building, effective
complaint resolution, cross-selling of goods and services, and pre-
and and postproduction processes such as preproduction order
processing and postproduction field service.

mass customization, reduced cost, and better sustainability. Challenges
include higher skill level requirements, integration with legacy systems,
less employee-customer interaction, and job losses.

and work groups, job design, recognition and reward, and career
advancement, Scalability is a key factor that affects technology
decisions. Analytical methods such as decision analysis and break-
even analysis can help to understand the economics of alternative
technologies and assist managers in making good decisions.

KEY TERMS

Computer-aided design/
computer-aided engineering

Customer relationship
management (CRM)

Low scalability

Numerical control (NC)

(CAD/CAE) ¢ Decision analysis ¢ Robot
e Computer-aided manufacturing e E-service e Scalability
(CAM) * Flexible manufacturing systems * Soft technology
e Computer-integrated manufac- (FMSs)

turing systems (CIMSs) o vl

e High scalability

e Computer numerical control
(CNCQC)

REVIEW QUESTIONS

@ 1. Describe different types of technology and their

role in manufacturing and service operations.

@ 3. What is CAD/CAE? Provide one nontextbook
example.

@ 2. Define hard and soft technology and give an example. @ 4. What is 3-D printing? Provide two examples.
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Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



(=2}

. Explain how manufacturing and service technology

strengthen the value chain.

. What is CRM? How does it help OM do its job?

. What types of technology might a major hotel

chain use to enhance the customer experience?

. Explain the benefits and challenges of using

technology.
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D
D

Explain the concept of scalability. Identify one low
and one highly scalable organization and explain
why you categorize them as such.

How can decision analysis be used in making
technology decisions?

How can break-even analysis help managers make
decisions?

DISCUSSION QUESTIONS AND EXPERIENTIAL ACTIVITIES

@ 12,

(41 J38

Bloomberg Businessweek published an article

titled “This Economic Model Organized Asia for
Decades. Now Its Broken” (June 21, 2017; https://
www.bloomberg.com/news/features/2017-06-21
/this-economic-model-organized-asia-for-decades-
now-it-s-broken). Research and explain the concept
of the “Asian Jobs Ladder” and the disruptive role of
automation. What conclusions can be reached?

. Describe at least one application of modern tech-

nology in each of these service industries:
Financial services

Public and government services
Transportation services

Educational services

®© o o0 O o

Hotel and motel services

How does your example application improve
things, or does it?

. Identify and describe (maximum of one typed page)

a service encounter where technology helps create
and deliver the service in total or in part. What hard
and soft technology most likely is involved?

. Research radio frequency identification devices

(RFID) and provide examples of how they are or
might be used to improve productivity in operations.

. Investigate the current technology available

for laptop computers, cell phones, or tablets.
Select two different models and compare their
features and operational characteristics, as well
as manufacturer’s support and service. Briefly
explain how you might advise (a) a college
student majoring in art and (b) a salesman for a
high-tech machine tool company in selecting the
best device for his or her needs (maximum of two
typed pages).

Identify and describe (maximum of two typed
pages) a business that uses ERP to manage its

value chain (if possible, draw a picture of key
elements of the value chain such as sourcing,
production, shipping, sales, billing, and so on).
What benefits and challenges does ERP bring to
this business?

. Explain how manufacturing and service technology

and business analytics strengthen the value chain.

. Discuss each of these statements. What might be

wrong with each of them?

a. “We've thought about computer integration of
all our manufacturing functions, but when we
looked at it, we realized that the labor savings
wouldn't justify the cost.”

b. “We've had these computer-controlled robots
on the line for several months now, and
they're great! We no longer have to reconfigure
the whole line to shift to a different product.

I just give the robots new instructions, and they
change operations. Just wait until this run is
done and T'll show you.”

c. “Each of my manufacturing departments is
authorized to invest in whatever technologies
are necessary to perform its function more
effectively. As a result, we have state-of-the-art
equipment throughout our factories—from
CAD/CAM to automated materials handling
to robots on the line. When we're ready to
migrate to a CIM environment, we can just tie
all these pieces together.”

d. “T'm glad we finally got that CAD system,” the
designer said, a computer-generated blueprint
in hand. “T was able to draw these plans and
make modifications right on the computer
screen in a fraction of the time it used to take
by hand.” “They tell me this new computer-
aided manufacturing system will do the same
for me,” the manufacturing engineer replied.
“I'll just punch in your specs and find out.”
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Describe a situation where self-service and
technology help create and deliver the customer
benefit package to the customer. Provide examples
of how such a system can cause a defect, mistake,
or service upset.

. How can social media enhance the sale of a physi-

cal good? A service? Provide examples. Explain.

. Research and write a short paper (maximum of two

typed pages) on the impact of electric vehicles on
the three dimensions of sustainability.

. Identify and describe (maximum of two typed

pages) two apps for your cell phone or electronic

reader and how they improve your productivity

and quality of life.

. Research what jobs are most and least likely to be

replaced by technology and automation.

. Research and write a short paper (maximum of two

typed pages) on the advantages and disadvantages
of “technology transfer” when a firm partners with
a firm in another country.

. Research and write a short paper about how busi-

ness analytics or advances in information systems
influence the use of technology and decision mak-
ing in operations management.

COMPUTATIONAL PROBLEMS AND EXERCISES

These exercises require you to apply the formulas and methods described in the chapter. The problems should be solved manually.

D

D =

Southland Corporation’s decision to produce a new
line of recreational products has resulted in the
need to choose one of two automated manufactur-
ing systems based on proposals from two vendors,

A and B. The economics of this decision depends
on the market reaction to the new product line. The
possible long-run demand has been defined as low,
medium, or high. Based on detailed financial analy-
ses of system costs as a function of volume and sales
under each demand scenario, the following payoff
table gives the projected profits in millions of dollars.

Long-Run Demand

Decision Low Medium High
Vendor A $150 $200 $200
Vendor B $50 $200 $500

a. Determine the best decisions using the maxi-
max, maximin, and opportunity loss decision
criteria.

b. Assume that the best estimate of the probability
of low long-run demand is 0.20, of medium
long-run demand is 0.15, and of high long-run
demand is 0.65. What is the best decision using
the expected value criterion?

The Gorman Manufacturing Company must
decide whether to purchase a component part
from a supplier or to manufacture the component
at its own plant. If demand is high, it would

be to Gorman’s advantage to manufacture the
component. If demand is low, however, Gorman’s
unit manufacturing cost will be high because of
underutilization of equipment. The projected

D »

profit in thousands of dollars for Gorman’s make-
or-buy decision is as follows.
Demand

Low Medium High
$220 $40 $100

Decision
Manufacture component
Purchase component $210 $45 $70

a. Determine the best decisions using the maximax,
maximin, and opportunity loss decision criteria.

b. Assume that the probability of low demand is
0.35, of medium demand is 0.35, and of high
demand is 0.30. What is the best decision using
the expected value criterion and what is the
expected value of perfect information?

You need to expand your small business, Paddle
Incorporated, that manufactures paddle board
rackets. The fixed cost for the new technologically
advanced equipment is $15,000. The variable cost
to produce each unit using the new equipment is
$10, and the selling price for the finished product
is $25. What quantity needs to be produced and
sold to break even?

. The Vera Molding company has two alternatives

for meeting a customer requirement for 9,000 units
of a specialty molding. If done in-house, fixed cost
would be $350,000 with variable cost at $30 per unit.
Alternative two is to outsource for a total cost of

$80 per unit.

a. What is the break-even quantity?

b. Should the firm make the 9,000 units in-house
or outsource?
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Luke’s Ristorante wants to add a sea bass dinner

to their menu. A small grill and oven would be
added to the kitchen cooking area at a fixed cost of
$9,000. The variable cost per fish dish is estimated
to be $9.60 per entrée. If 600 fish dinners are sold
per year to break even, what should be the price of
the new fish entrée?

. Meyers Window Company introduced a new

window design but sales were below expectations.
Sales in units last year were 800 units. Variable
cost per unit averaged $105.72, the fixed cost was
$42,000, and the selling price was $149.99.

a. What is the break-even quantity for this new
window?

b. If sales stayed the same next year, how much
would the variable cost have to be reduced to
break even?

MovieFix is a video streaming company that sells
to a potential audience of 300,000 customers. The
selling price is $20 per month and its variable cost
is $14.62 per month. What is the most the com-
pany should spend on annual fixed costs to acquire
and maintain the firm’s equipment if it serves
300,000 customers?

Pesto Restaurant must decide between two types
of technology in its kitchen. Option A is to use

CHAPTER 4: Technology and Operations Management 101
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an induction oven process with a fixed cost of
$20,000 and a variable cost of $6.51 per meal.
Option B is to use a gas-fired oven process with
a fixed cost of $12,000 and a variable cost of
$7.86 per meal. The average selling price per
meal is $18.60.

a. What is the break-even quantity?

b. If the restaurant manager expects to sell 1,500
meals, which option, A or B, is best? Justify.

The selling price per box for Cynthia’s Cookies is
$19.95. Fixed costs are $65,000 and the variable
cost per box is $9.88.

a. What is the break-even quantity?

b. If sales last year were 8,200 boxes, what was the
net profit?

In Problem 35, Cynthia’s Cookies must decide
between two improvement options. Option 1

is spending $10,000 on a new online market-
ing campaign that is expected to increase last
year’s sales (units) by 20 percent. Option 2 is to
reduce variable costs by 10 percent by spending
$10,000 on equipment and process improve-
ments. For Option 2, sales remain at 8,200
boxes. (The assumption here is that each option
is equally costly to implement.) What option
provides the higher profits?

EXCEL-BASED PROBLEMS

For these problems, you may use Excel or the spreadsheet templates in MindTap to assist in your analysis.

D

D =

Edwards Machine Tools needs to purchase a new
machine. The basic model is slower but costs less,
while the advanced model is faster but costs more.
Profitability will depend on future demand. The
following table presents an estimate of profits over
the next three years.

Demand Volume

Decision Low Medium High
Basic model $80,000 $100,000 $150,000
Advanced model  $40,000 $110,000 $220,000

Given the uncertainty associated with the demand
volume, and no other information to work with, how
would you make a decision? Use the Excel template
Decision Analysis and explain your reasoning.

Suppose that in Problem 37 a forecasting study
determines that the probabilities of demand

D

volume are Low = 0.2, Medium = 0.2, and

High = 0.6. Use the Excel template Decision
Analysis to determine the expected value decision.
How appropriate is it to use this criterion?
Interpret EVPI, the expected value of perfect
information.

A company is considering three vendors for
purchasing a CRM system: Delphi Inc., CRM
International, and Murray Analytics. The costs of
the system are expected to depend on the length
of time required to implement the system, which
depends on such factors as the amount of custom-
ization required, integration with legacy systems,
resistance to change, and so on. Each vendor

has different expertise in handling these things,
which affect the cost. The costs (in millions of

$) are shown below for short, medium, and long
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implementation durations. Use the Excel template
Decision Analysis to identify what vendor to select.
Clearly explain your recommendation.

Decision Alternative Short Medium Long

Delphi, Inc. $4.00 $5.50 $8.00
CRM International $6.00 $4.25 $6.50
Murray Analytics $4.50 $5.00 $7.20

@ 40. A hospital is evaluating whether to outsource or
perform in-house a large set of blood and urine
laboratory tests. The fixed cost of the laboratory
equipment located in the hospital is $800,000 and
the weighted average variable cost per test if per-
formed in-house is $28.75. A third-party lab located
three miles from the hospital will perform the same
tests with more advanced and faster equipment. The
lab distributes the results electronically to the hos-
pital at a price of $31.00. If the annual volume last
year was 250,000 tests, should the hospital do all lab
tests in-house or outsource? Use the Excel template
Break-Even to determine the best decision.

@ 41. Suzy’s Temporary Employee (STE) business,
located in a big city, can do an online criminal
background check in-house for $1.29 per search
with a fixed cost of $29,000. A third-party online
security firm offered to do a similar security search
for $8.00 per person with an annual service con-
tract with STE. If STE’s forecast is 3,000 searches
next year, should STE continue to do the search
in-house or accept the third-party offer? Use the
Excel template Break-Even to determine the best
decision. What other criteria are important in mak-
ing this decision?

RoboJet Car Wash

Drew Ebel was contemplating buying an automated
car wash franchise as a family business. His wife
Caroline, their two kids, Jasmine and Luke, and their
dog, Lilly, were a close-knit family that were tired of the
bureaucracy of corporate and government jobs. The dual-
career family had saved $200,000 in cash. Drew, who was
62, could cash in some of his retirement accounts to free
up another $200,000. These monies would be used for a
down payment.

@ 42. A manager of Paris Manufacturing that produces
computer hard drives is planning to lease a new
automated inspection system. The manager believes
the new system will be more accurate than the cur-
rent manual inspection process. The firm has had
problems with hard drive defects in the past and the
automated system should help catch these defects
before the drives are shipped to the final assembly
manufacturer. The relevant information follows.

Option A: Current Manual Inspection System
Annual fixed cost = $45,000
Inspection variable cost per unit = $15 per unit
Option B: New Automated Inspection System
Annual fixed cost = $165,000
Inspection variable cost per unit = $0.55 per unit
a. Suppose annual demand is 8,000 units. Use
the Excel template Break-Even to determine
whether or not the firm should lease the new
inspection system?
b. Use the Excel Goal Seek tool to find the break-
even quantity.

@ 43. Assume the cost factors given in Problem 42 have
not changed. A marketing representative of
NEW-SPEC, a firm that specializes in provid-
ing manual inspection processes for other firms,
approached Paris Manufacturing and offered to
inspect parts for $19 each with no fixed cost. They
assured Paris Manufacturing the accuracy and qual-
ity of their manual inspections would equal the auto-
mated inspection system. Demand for the upcoming
year is forecast to be 8,000 units. Should the manu-
facturer accept the offer? Use the Excel template
Break-Even to make your recommendation.

Drew and Caroline needed to develop a business plan stat-
ing the strategy and mission of their business, evaluate the eco-
nomics of the business using break-even analysis, select a site
and buy the property, and start up the business with an idea of
providing superior customer service—a premium car washing
experience using automation. Drew had a Bachelor’s Degree
in Mechanical Engineering and Caroline earned a Bachelor’s
Degree in Accounting. Drew and Caroline collected informa-
tion on the cost of the franchise shown in Case Exhibit 4.1.
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Car Wash Industry

In 1914, the first car washing assembly line was opened in
Detroit, Michigan. People pushed Model-T cars through
the wash stations in a circular route. By 1928, a people-
powered chain conveyor pulled cars through a straight
(serial) assembly line. The vehicles got dirty, especially on
the roads of the era. By 1932, there were 32 carwashes in
the United States. In the 1930s, car wash owners began to
ask manufacturers if they could build automated brushes
and other electro-mechanical car washing devices. In 1946,
the first semiautomatic car wash system was developed
with an overhead sprinkler system, three sets of manually
operated brushes, and a conveyer powered by an elec-
tric motor pulling cars along a straight line. By the 1950s,
automated car washing systems were developed by several

EXHIBIT 4.7 RoboJet Car Wash—Investment Costs

Type of Investment
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manufacturers. Today, five people using a robotic car wash-
ing system do the work of over twenty people using 1950s
technology. Once robots were able to vacuum and clean the
interior of nonstandard vehicles and wipe down the exterior
with no damage, one person could operate the entire car
wash operation from a single computer console.

Available Information
Collected to Date

Investment costs are shown in Exhibit 4.7. Variable costs
are estimated to be $15.16 per vehicle per year. Variable
costs included in this estimate account for four full-time
employees plus the manager, environmental fees and dis-
posal, office expense, insurance, and some accounting,
attorney, routine maintenance, and advertising expenses.
We assume that the car wash operates 300 days per year.
The average price of a wash is $22 per car. Drew and Caro-
line had good estimates of price and variable costs, but were
puzzled as to what was a good fixed cost estimate. Detailing
vehicles, dent repair, and windshield repair are a separate
on-site department. These services generate an estimated
net profit of $130,000 per year.

The key factor in a successful car wash business is loca-
tion. This includes site location, traffic density and patterns,
and the demographics of the surrounding area. Based on
ZIP code analysis, one promising location showed a high
net worth for residents in the area. For that area, they esti-
mated demand to be between 10,000 and 14,000 car washes
per year. The closest full-service car wash business to this
new location was 5.2 miles away.

Cost and Related Information

Site (premium location in high traffic intersection)
Equipment

Automated car wash system

Initial parts inventory

Detailing, dent, and windshield repair equipment

Other equipment (cash register, televisions for waiting area, telephone, online hookup)

Building
Car wash assembly line (tunnel) building
Detailing garages
Lobby and office complex
Pole sign and advertising board(s)

Licenses, inspections, building permits, incorporation fee, attorney, architect, engineer, environ-

mental impact report, and utilities to property
Start-up—Cash On Hand

Property and building closing, title insurance, land survey, filing fees, appraisal, vending license and

occupation fees, and environmental audits

Total Investment Costs: $450,000 + 300,000 + 5,000 + 7,000 + 6,000 + 250,000 + 50,000 + 45,000 + 8,000 +

50,000 + 75,000 + 5,000

*Mortgage (assuming investment cost of $1,251,000 — $400,000 down payment = $851,000 mortgage)

$300,000 to $600,000

$300,000
$5,000
$7,000
$6,000

$250,000
$50,000
$45,000
$8,000
$50,000

$50,000 to $100,000
$5,000

$1,251,000

$6,000 per month
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Drew and Caroline wondered what other character-
istics make for a successful car wash service. Some car
wash conveyors are designed with a capacity to process
up to 100 cars per hour, but most car wash conveyors
operated in the 30 cars per hour or less range. The speed
of the conveyor can be changed in most car wash sys-
tems depending on demand, weather, and degree of dirt
on vehicles. Keeping the robots operating is a struggle,
and all car wash owners have stories of losing a high
demand day of sales because of machine breakdowns
and parts shortages.

Case Questions for Discussion:

Drew and Caroline had many issues they needed to address
in their business plan. They also planned to visit automated

conveyer car wash sites and talk to owners. Some of the
questions on their mind include:

1. How might the strategy, mission, competitive priori-
ties, and customer benefit package of this business
affect their technology decisions?

2. What issues and problems should you anticipate
with managing this business, particularly with
respect to technology? What role does opera-
tions play in successfully handling these issues and
problems?

3. What does a break-even analysis tell you about this
business venture? What if they could reduce vari-
able cost and/or increase the average price per wash?

4. Should Drew and Caroline go into this business?

Bracket International—The RFID Decision

ack Bracket, the CEO of Bracket International (BI),

has grown his business to sales last year of $78 mil-
lion, with a cost of goods sold of $61 million. Average
inventory levels are about $14 million. As a small manu-
facturer of steel shelving and brackets, the firm operates
three small factories in Ohio, Kentucky, and South Caro-
lina. BI's number one competitive priority is “service
first,” while high product quality and low cost are the
number two and three priorities. Service at BI includes
preproduction services such as customized engineering
design, production services such as meeting customer
promise dates and being flexible to customer-driven
changes, and postproduction services such as shipping,
distribution, and field service.

The Ohio and Kentucky factories are automated flow
shops, whereas the South Carolina factory specializes in
small custom orders and is more of a batch-processing job
shop. All three factories use bar coding labels and scanning
equipment to monitor and control the flow of materials.
BI manually scans about 9,850 items per day at all three
factories. An item may be an individual part, a roll of sheet
steel, a box of 1,000 rivets, a pallet load of brackets, a box
of quart oil cans, a finished shelf or bracket set ready for
shipment, and so on. That is, whatever a bar code label can
be stuck on is bar coded. A factory year consists of 260 days.
One full-time BI employee works 2,000 hours per year with
an average salary including benefits of $69,000.

Two recent sales calls have Mr. Bracket considering
switching from the old bar coding system to a

radio-frequency identification device (RFID) system. The
RFID vendors kept talking about “on-demand” operational
planning and control and how their RFID and software
systems could speed up the pace of BI's workflows. One
RFID vendor provided the following information:

e Bar code scan times for the sheet metal business
(similar to BI) average 10 seconds per item and include
employee time to find the bar code, pick up the item
and/or position the item or handheld bar code reader
so it can read the bar code, and in some cases physically
reposition the item. Ttem orientation is a problem with
manual bar coding.

e The 10-second bar code scan time does not include the
employee walking to the bar coding area or equipment.
It is assumed that the employee is in position to scan
the item. The 10 seconds does not include the time to
replace a scratched or defective bar code label. Replac-
ing a damaged bar code tag, including changes to the
computer system, may take up to five minutes.

e All three BI factories can be fitted with RFID technol-
ogy (readers, item tags, and hardware-related software)
for $620,000. In addition, new supply chain operating
system software that takes advantage of the faster pace
of RFID information is priced for all three factories at
$480,000 and includes substantial training and debug-
ging consulting services.

e RFID scan time is estimated to be 2/100ths of a second,
or basically instantaneous.
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e For the sheet metal
business, bar code mis-
reads average 2 percent
(i.e., 0.02) over the year
of total reads, and this is
estimated to reduce to
0.2 percent (i.e., 0.002)
for RFID technology.
The 0.2 percent is due
to damaged RFID tags
or occasional radio-fre-
quency interference or
transmission problems.
Misreads are a problem
because items are lost
and not recorded in BI's
computer system. The vendor guessed that a single
misread could cost a manufacturer on average $4 but
noted this estimate could vary quite a bit.

According to the RFID vendors, other benefits of
RFID systems include readily located inventory, fewer
required inventory audits, and reduced misplacements
and theft. However, they did not have any information
quantifying these benefits.

Bracket International recently had problems adapt-
ing quickly to changing customer requirements. BI had to
deny a Wolf Furniture job order request because it could
not react quickly enough to a change in job specifications
and order size. Eventually, BI lost the Wolf Furniture busi-
ness, which averaged about $2 million per year. Another
BI customer, Home Depot, keeps talking about BI need-
ing to be more flexible because Home Depot’s on-demand
point-of-sale systems require frequent changes to BI
orders. Home Depot is BI's top customer, so every effort
needs to be made to keep Home Depot happy.

Integrative Case: Hudson Jewelers

he Hudson Jewelers case study found in MindTap inte-
grates material found in each chapter of this book.

Case Questions for Discussion:

1. What are the advantages and disadvantages from
the service provider’s (jeweler’s) perspective of
using “design your own ring” 3-D/CAD technology
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Mr. Bracket doesn’t
think throwing away the
bar coding system that
works is a good idea. The
BI employees are familiar
with using bar coding tech-
nology, whereas the RFID
technology seems hidden
from employees. He also
doesn’t think the return
on investment (ROI) on an
RFID system is compel-
ling. So why does he feel
so guilty when the RFID
vendors leave his office? Is
he doing the right thing or not? He has an obligation
to his trusted employees to do the right thing. Should
he adopt RFID based purely on strategic and/or eco-
nomic benefits? He writes down several questions he
needs to investigate.

Kondor83/Shutterstock.com

Case Questions for Discussion:
1. How does RFID compare to bar coding?

2. What is the economic payback in years for this
possible RFID adoption? (Hint: There are two
benefits that can be quantified—labor savings due
to faster scan times and misread savings. Annual
benefits divided by economic benefits equals
payback.)

3. What are the risks of adopting a new technology too
early? Too late?

4. What do you recommend Mr. Bracket do in the
short and long terms? Explain your reasoning.

at the retail store level? What are the risks from the
customer’s viewpoint?

2. Research jewelry retail store software programs
and summarize their capabilities in terms of
customer relationship management, accounting,
point of sale, inventory management, pay-
ment systems, and customer loyalty programs.
Provide references.
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D Goods and Service Design

LEARNING OBJECTIVES =

After studying this chapter,
you should be able to:

Describe the steps
involved in designing
goods and services.

@ Explain the concept
and application of

quality function
deployment.

@ Describe how the

Taguchi loss function,
reliability, design for
manufacturability, and '
design for sustainability L
are used for designing i
manufactured goods.

@ Define the five ele-

ments of service-
delivery system design.

@ Describe the four

elements of service-
encounter design.

Explain how goods and
service design con-
cepts are integrated at
LensCrafters.

Fuel efficiency and environmental concerns are important in developing nations as the number of vehi-
cles on their streets continues to rise.

In developing markets such as China and India, consum-
ers can't afford large, expensive cars, much less drive
them in overcrowded population centers. Fuel efficiency
as well as environmental concerns are also important, as
developing nations seek to cap carbon emissions even as
the number of vehicles on their streets continues to rise.
But these consumers are not willing to buy inferior cars
that simply cost less. Rather, like most of us, they want
low-cost vehicles that are designed to meet their needs
and still have high quality, reliability, and style—in other
words, have value. Consumers in India, for instance,
need cars that maximize passenger room because they
use their autos primarily as family vehicles to drive
around town; by contrast, in the West, with its better
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roads and routine long-distance driving, cargo capacity
matters more. Indian drivers are willing to pay a bit more
for cars that offer the latest in comfort, safety, and utility,
but not for cars with power windows and locks or fancy
sound systems. Automatic transmissions are desirable
in India and China—nobody wants to keep pressing the
clutch and shifting gears in the inevitable stop-and-go
traffic—but powerful engines are not. Succeeding in
developing markets, therefore, requires rethinking from
start to finish how new cars should be designed and
built. It calls for a deep understanding of the unique
needs of consumers and the ability to assemble the com-
bination of power trains, bodies, features, and options
that best match those desires—at affordable prices.!
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WHAT DO YOU THINK?

How important are design and value in your purchasing decisions? Provide some examples for goods and services.

Perhaps the most important strategic decision that any
firm makes involves the design and development of new
goods and services, and the value chain structure and
processes that make and deliver them. In fact, decisions
about what goods and services to offer and how to posi-
tion them in the marketplace often determine the ultimate
growth, profitability, and success of the firm. Every design
project—a new automobile or cell phone, a new online or

the value chain. As the authors of the opening anecdote
about automobile design note, design for value “involves a
series of complex, varied, carefully thought-out decisions
about which types of engines to use; which equipment
should be standard; what safety add-ons to include; how
parts and materials are engineered; and which designs
are most attractive to the target customer base.” At the
other end of the value chain, sales and maintenance, and

even financing, should also be examined for new ideas:
Given limited dealer networks, might roving mechanics
be sent out to perform regular maintenance? Could entire
extended families enter into financing deals for new cars?
Similar questions apply to the design of every good and
service.

financial service, even a new pizza—is a series of trade-
offs: between technology and functionality, between ambi-
tion and affordability, between the desires of the people
creating the object and the needs of the people using it.?
In today’s world, the complexity of customer benefit
packages requires a high level of coordination throughout

51 Designing Goods and Services

To design and improve goods and services, most companies use some type of structured
process. The typical goods and services development processes are shown in Exhibit 5.1.
In general, the designs of both goods and services follow a similar path. The critical differ-
ences lie in the detailed product and process design phases.

Steps 1 and 2—Strategic Mission, Analysis, and Competitive Priorities Stra-
tegic directions and competitive priorities should be consistent with and support the firm’s
mission and vision. These steps require a significant amount of research and innovation involv-
ing marketing, engineering, operations, and sales functions, and should involve customers,
suppliers, and employees throughout the value chain. The data and information that result
from this effort provide the key input for designing the final customer benefit package.

Step 3—Customer Benefit Package Design and Configuration Clearly, firms
have a large variety of possible choices in configuring a customer benefit package (CBP). For
example, when buying a new vehicle, an automobile dealer might include such options as
leasing, free oil changes and/or maintenance, a performance driving school, free auto washes,
service pickup and delivery, loaner cars, and so on.

Essentially, CBP design and configuration choices revolve around a solid understanding
of customer needs and target markets, and the value that customers place on such attributes
as the following:

Time—Many grocery stores now offer self-service checkout to reduce customer wait-
ing time. Manufacturers such as Dell use the Internet to acquire customer information
for more responsive product design.

Place—UPS has UPS Stores strategically located for customer convenience that also
provide packaging services; many companies offer day-care centers on-site to provide
convenience to their employees.
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EXHIBIT 5.1 An Integrated Framework for Goods and Service Design »  Information—Bank
_ of America provides
Goods Services
— an Internet search

Step 1 Step 1 capability for the best
home equity loan. A
business dedicated

to providing guitar
music books and videos

Step 2 (www.ChordMelody

Step 2

.com) offers a telephone
hot line to speak with
a professional guitarist

for questions on

Step 3 Step 3 selecting the proper
instructional and
performance material.

»  Entertainment—

Some Dick’s Sporting

Step 4 Step 4

Goods Stores provide
a rock-climbing wall
for children while
other family members

Manufactured Good Service and shop. A pianist ser-
Step 4a Design and Service Delivery Step 4c enades shoppers at
Development System Design Nordstrom’s depart-

ment stores. Some
minivans have built-in
DVD players.

Process Selection Service Encounter »  Exchange—Retail
and Design Design Step 4d g

-
[ |

Step 4b
stores such as Best

Buy allow customers
to travel to the store
/ and buy the goods,
Step 5 purchase goods on
their websites and
have them delivered,
/ or purchase goods
Step 6 on their websites and

have them ready to be

Step 6

picked up at the store.

b Form—For manufactured goods, form is associated with the physical characteristics of
the good and addresses the important customer need of aesthetics. An interior designer
might use methods such as sketches, photographs, physical samples, or even computer-
simulated renderings to show how a kitchen might be transformed.

A job-seeking service such as Monster.com provides pure information value, whereas buying
an automobile or going on a vacation involves all six types.

Step 4—Detailed Goods, Services, and Process Design If a proposal survives the
concept stage—and many do not—each good or service in the CBP, as well as the process that
creates it, must be designed in more detail. This is where the designs of goods and services
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differ, as suggested by the alternate paths in Exhibit 5.1. The first three steps in Exhibit 5.1
are more strategic and conceptual in nature, whereas step 4 focuses on detailed design and
implementation.

The design of a manufactured goods focuses on its physical characteristics—dimensions,
materials, color, and so on. Much of this work is done by artists and engineers to translate
customer requirements into physical specifications. This is the focus of step 4a in the exhibit.
The process by which the good is manufactured (i.e., the configuration of machines and labor)
can be designed as a separate activity (step 4b), with, of course, proper communication and
coordination with the designers of the good.

The design of a service in steps 4c and 4d in Exhibit 5.1, however, cannot be done
independently from the “process” by which the service is delivered. The process by which
the service is created and delivered (i.e., “produced”) is, in essence, the service itself! For
example, the steps that a desk
clerk follows to check in a guest

at a hotel represent the process Every design project—a
by which the guest is served and new automobile or cell

(hopefully) experiences a sense h 14
of satisfaction. Thus, service phone, a new online or

design must be addressed from financial service, even a
two perspectives—the service new pizza—is a series of
delivery system and the service trade-offs: between tech-

encounter—as noted in steps 4c .
and 4d in Exhibit 5.1. nology and functional

For both goods and services, ity , between ambition and
this phase usually includes proto- affordabil ity , between
type testing. Prototype testing the desgsires of the people
is the process by which a model (real Creating the Obj ect and

or simulated) is constructed to test the H H 1
product’s performance under actual the needs of the people

operating conditions, as well as con- us ing it.

sumer reactions to the prototypes.

For example, at General Motors

(GM), parts are designed and digitally analyzed using special software; one-third scale models
are produced, assembled, and tested in a wind tunnel to evaluate the aerodynamics of automo-
bile designs. Today, many companies use advanced technology to
perform rapid prototyping—the process of building prototypes
quickly to reduce product development cost and time to market.
GM has a laboratory where 15 specialists take part orders from
GM design centers all over the world, build them within hours,
and then express ship them back, allowing designers and engi-
neers to quickly evaluate them.?

Step 5—Market Introduction/Deployment In this
step, the final bundle of goods and services—the customer ben-
efit package—is advertised, marketed, and offered to customers.
For manufactured goods, this includes making the item in the
factory and shipping it to warehouses or wholesale and retail

stores; for services, it might include hiring and training employ-
ees or staying open an extra hour in the evening. For many ser- Engines like this are designed and d|g|ta||y ana|yzed as
vices it means building sites such as branch banks or hotels or part of the prototype testing process.

retail stores.

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

06photo/Shutterstock.com



110  PARTTWO: Designing Operations and Supply Chains

LaRosa’s Pizzeria: Understanding the Voice of the Customer

LaRosa’s Pizzeria, a regional chain of informal Italian restaurants in the greater Cincinnati area, real- s e
ized that customers know what they want. To gather information to help design a new restau-

rant configuration, LaRosa’s went out to current and potential customers and noncustomers in
nonmarket areas to acquire the voice of the customer. Here are some real examples of custom-
ers’ experiences at other restaurants that LaRosa'’s clearly wanted to avoid:

« “So there | was, like herded cattle, standing on the hard concrete floor, cold wind blasting
my ankles every time the door opened, waiting and waiting for our name to be called.’

.

“And then | saw a dirty rag being slopped around a dirty table.”

.
Rawpixel.com/Shutterstock.com

“I swear! The salad looked like the server ran down to the river bank and picked weeds and
grass—I'm never going back!”

« “When they're that age, going to the bathroom is a full-contact sport—they're reaching and grabbing at everything, and you're
trying to keep them from touching anything because the bathroom is so dirty"

In the last example, what the customer really was saying is “The bathroom tells me what the kitchen might be like. Do | really
want to eat here?” Clean bathrooms turned out to be the most important customer requirement that the company learned from
listening to the voice of the customer.

What are the implications of the other customer comments? Interestingly, none of these comments revolves totally around the
physical good (food) itself; service-facility and service-encounter quality are clearly important customer requirements!

. Step 6—Marketplace Evalua-
The process b y which tion The marketplace is a graveyard of
the service is created missed opportunities: poorly designed

and delivered (i.e., goods and services and failed execution
. D roduced” ) ig, in resulting from ineffective operations.

H . The final step in designing and deliv-
essence, the service ering a customer benefit package is to

itself! constantly evaluate how well the goods
and services are selling, and customers’
reactions to them.

52 Customer-Focused Design

The design of a good or service should reflect customer wants and needs, which are often
termed customer requirements. Customer requirements, as expressed in the customer’s own words, are
called the voice of the customer. The design process must translate the voice of the customer
into specific technical features that characterize a design and provide the “blueprint” for
manufacturing or service delivery. Technical features are generally expressed in the language
of designers and engineers; examples include the type and amount of materials, size and shape
of parts, strength requirements, service procedures to follow, and employee behavior during
service interactions. An effective approach for doing this is called quality function deployment.
Quality function deployment (QFD) is an approach to guide the design, creation, and marketing of
goods and services by integrating the voice of the customer into all decisions. QFD can be applied to a
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specific manufactured good or service, .
or to the entire CBP. The process is ini- The market b lace is a
tiated with a matrix, which, because of graveyar d of missed

its structure (as shown in Exhibit 5.2), is opportun ities: poor ly
often called the House of Quality. designed goods and

Building a House of Quality begins k .
by identifying the voice of the customer services and failed

and technical features of the design and execution result-
listing them in the appropriate places in in g from ineffective

the diagram. As shown in Exhibit 5.2,
the voice of the customer and the tech-
nical features create a matrix structure
in the center of the diagram. By evalu-
ating how each technical feature relates to each customer requirement (using a scale such

operations.

2 <«

as “very strong,” “strong,” “weak,” or “no relationship”), designers can determine how well
a design reflects the actual customer requirements. This might be based on expert experi-
ence, customer surveys, or other experiments. The lack of a relationship between a cus-
tomer requirement and any of the technical features would suggest that the final good or
service will have difficulty in meeting customer needs. Similarly, if a technical feature does
not relate to any customer requirement, it may be unnecessary in the design. The roof of
the House of Quality shows the interrelationships between any pair of technical features,
and these relationships help in answering questions such as “How does a change in one
product characteristic affect others?” This can help refine a design and evaluate trade-offs
in design decisions.

To the right of the relationship matrix is an assessment of the importance of each cus-
tomer requirement and how competitors’ products compare with the proposed design in

EXHIBIT 5.2 The House of Quality

House of Quality

Interrelationships

Customer
requirement

Technical features priorities

/

Voice of
the
customer Relationship
matrix
Technical feature /
priorities
Competitive
evaluation
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Using the House of
Quality: Building a

House of Quality Example for a Pizza

Better Pizza e
AA

@
A restaurant wants to develop a “signature” pizza. The voice of OO0
the customer in this case consists of four attributes. The pizza ©
should be tasty, healthy, and visually appealing, and should pro- o =) §
vide good value. The “technical features” that can be designed § 2 g& S Competitive
into this particular product are price, size, amount of cheese, .g gl ..g % evaluation
type of additional toppings, and amount of additional toppings. E % E §
The symbols in the matrix in the exhibit at the right show the § E § 2le
relationships between each customer requirement and techni- oo |<[F[<|O|Us[A]B
cal feature. For example, taste bears a moderate relationship Taste A@AI4[3|4]5
with amount of cheese and a strong relationship with type of N_Utrmon @AQ|4]3]2]53
additional toppings. In the roof, the price and size area seem to \élsuzl a?peal o [Al® 2 j g j
be strongly related (as size increases, the price must increase). Ozcr)pr\iljrij z (Z 7 5
The competitive evaluation shows that competitors are cur- Soraeidior & 15131212
rently weak on nutrition and value, so those attributes can Competitor B 312121313
become key selling points in a marketing plan if the restaurant Deployment * | % *
can capitalize on them. Finally, at the bottom of the house are
targets for the technical features based on an analysis of cus- Legend: 1=low, 5=high
tomer-importance ratings and competitive ratings. The features @ Very strong relationship
with asterisks are the ones to be “deployed,” or emphasized, in @ Strong relationship
subsequent design and production activities. A Weak relationship

terms of meeting the voice of the customer. This helps identify key “selling points” and fea-
tures that would help to differentiate the good or service from competitors’ products.

The final step (bottom of the House) is to identify those technical features that have
the strongest relationships to customer requirements, have poor competitive performance,
or will be strong selling points. This helps prioritize those technical features that should be
“deployed,” or paid the most attention to during subsequent design and production or service
delivery activities. This will ensure that the voice of the customer will be maintained in sub-
sequent detailed design, manufacturing or service, and control activities.

QFD has been used successfully by many companies, such as Mitsubishi, Toyota, Motorola,
Xerox, IBM, Procter & Gamble, and AT&T. Toyota, for example, reduced start-up costs by
over 60 percent and product development time by one-third using QFD.

53 Designing Manufactured Goods

For a manufactured good such as an automobile, computer, or textbook, design involves
determining technical specifications such as dimensions, tolerances, materials, and purchased
components; or choice of fonts and page layout for a textbook. This step also requires coor-
dination with operations managers to ensure that manufacturing processes can produce the
design (step 4b of Exhibit 5.1). Many different tools and techniques are used to support
product design activities; we review some of the most important ones in this section.
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5-3a Tolerance Design and the Taguchi Loss Function

For most manufactured goods, design blueprints specify a target dimension (called the nomi-
nal), along with a range of permissible variation (called the tolerance); for example, 0.500 =
0.020 cm. The nominal dimension is 0.500 cm but may vary anywhere in the range from 0.480
to 0.520 cm. This is sometimes called the goal-post model (see Exhibit 5.3). Tolerance design
involves determining the acceptable tolerance. Narrow tolerances improve product function-
ality and performance, but tend to raise manufacturing costs because they usually require
higher-precision technology. Wide tolerances, on the other hand, reduce costs, but may have
a negative impact on product performance. Thus, designers must consider these trade-offs
and should use sound scientific and engineering approaches to optimizing tolerances rather
than simply setting them judgmentally.

Genichi Taguchi, a Japanese engineer, maintained that the traditional practice of
setting design specifications is inherently flawed. The goal-post model assumes that any
value within the tolerance range is acceptable, but those outside are not. In the previous
example, what is the real difference between 0.479 and 0.481? Not much; the impact of
either value on the performance characteristic of the product would be about the same,
yet a part having the dimension of 0.481 would be acceptable, whereas the other would
not be. In reality, neither value is close to the nominal specification. Taguchi argued
that the smaller the variation from the nominal specification, the better the quality. In
turn, products are more consistent and fail less frequently, and thus are less costly in
the long run.

Taguchi measured quality as the variation from the target value of a design specification and
then translated that variation into an economic “loss function” that expresses the cost of variation
in monetary terms. This approach can be

applied to both goods and services. — ; . re e
(R RIS et W EXHIBIT 5.3 Traditional Goal-Post View of Conforming to Specifications

loss resulting from the deviation from
the target by a quadratic function so ;2 /2
Loss /

that larger deviations cause increasingly Loss No Loss
larger losses. The loss function is %
|
Lix) = k(x = T7 [5.1] 0.480 0.500 0.520
where |<— Tolerance —>|
L(x) is the monetary value of the loss
associated with deviating from the EXHIBIT 5.4 Nominal-Is-Best Taguchi Loss Function

target, T’

x is the actual value of the dimension; Lix)

and

k is a constant that translates the

deviation into dollars.

kix—T)?

Exhibit 5.4 illustrates this Taguchi loss
function. The constant, k, is estimated
by determining the cost of repair or
replacement if a certain deviation from
the target occurs. Solved problems 5.1
and 5.2 show an example of the Tagu-
chi loss function and how it can be Quality characteristic value
used to set design tolerances.

T X
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SOLVED PROBLEM 5.1: FINDING THE TAGUCHI LOSS FUNCTION
e e et e

musical instrument recording devices. The desired
speed of a cassette tape is 1.875 inches per second. 1
Any deviation from this value causes a change in 2
. . 3

pitch and tempo and thus poor sound quality. Sup- « e alh o ha L Teeition
pose that adjusting the tape speed under warranty 5 Deviation from target 0.15

6

7

8

g

A B o D
Taguchi Loss Function
Enter data only in yellow cells.

when a customer complains and returns a device Loss assoclated with "“"a"": 5530-00
. 888.89

costs a manufacturer $20. Based on past informa-

tion, the company knows the average customer will

Loss Calculation for a Specific x

return a device if the tape speed is off the target by i Target specification, T 1.875

. . 11 Dimensional value, x 1,925
at least 0.15 inch per second; in other words, when 1 K $888.89
the speed is either 2.025 or 1.725. Find the Taguchi 13 Loss $2.22

loss function.

Solution: For example, if the actual speed is 1.925 inches per second,
The loss associated with a deviation of (x —T) = 0.15 from the the Taguchi loss function estimates that the economic loss
target is L(x) = $20.To find the loss function for any value of will be L(1.9) = 888.89(1.925 — 1.875)? = $2.22. Some, but

X, we substitute these values into Equation 5.1 and solve for k: not all, customers might perceive poor sound quality for
this small of a deviation and return the product for adjust-

— 2
20=k(0.15) ment, so the average loss is smaller. Exhibit 5.5 shows a
k=888.9 portion of the Excel Taguchi template in MindTap that can
and thus the loss function is be used to perform these calculations.

L(x) = 888.9(x — 1.875)?

SOLVED PROBLEM 5.2: USING THE TAGUCHI LOSS FUNCTION TO SET

ECONOMIC SPECIFICATIONS

For the scenario in Solved Problem 5.1, suppose that a techni- computes these economic specifications using a
cian tests the tape speed prior to packaging and can adjust the break-even analysis approach in rows 15-19, as shown
speed to the target of 1.875 at a cost of $5. What should the in Exhibit 5.6.

economic specification limits be?

Solution: 1725 $20,00

The accompanying table shows the loss associated with 1;‘51(5) ;2;8

tape speeds from 1.725 to 2.025. Note that if the tape speed 1770 $9.80

is less than 1.800 or greater than 1.950, the loss incurred by 1785 $7.20

not adjusting the tape is greater than $5. Therefore, it is more 1.800 $5.00
economical to inspect and adjust the tape if the actual speed is 1815 33.20
outside of these limits. If the speed is greater than 1.800 or less ]‘gig 53'28

than 1.950 (shown in red), then clearly it costs more to inspect 1:860 30220

and adjust than to simply ship the unit as is. Therefore, 1.800 1875 50

and 1.950 represent the economical design specifications that 1.890 $0.20

the company should try to achieve. The Excel Taguchi template 1.905 $0.80
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1.920 $1.80
1.935 $3.20
1.950 $5.00
1.965 $7.20
1.980 $9.80
1.995 $12.80
2.010 $16.20
2.025 $20.00

5-3b Design for Reliability
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EXHIBIT 5.6 Economic Design Specifications Using the Excel Taguchi

Template
A B C D

1 Taguchi Loss Function
2 Enter data only in yellow cells.
3
4 Calculation of k for the Loss Function
5 Deviation from target 0.15
6 Loss associated with deviation| $20.00
7 k $888.89
8
9 Loss Calculation for a Specific x
10 Target specification, T 1.875)
11 Dimensional value, x 1,925
12 k 5888.89
13 Loss $2.22]
14
15 Economic Design Specifications
16 Target specification, T| 1.8?5'
17 k $888.89
18 Cost of inspection and adjustment| 55.00
19 Break-Even Tolerance| 0.075)
20 Lower specification limit 1.800
21 Upper specification limit 1.950

Everyone expects their car to start each morning and their computer to work without crashing.
Reliability is the probability that a manufactured good, piece of equipment, or system performs its intended
function for a stated period of time under specified operating conditions. Reliability applies to services

as well as manufacturing; a system could be a service process where each stage (work activity
or station) is analogous to a component part in a manufactured good.

Reliability is a probability, that
is, a value between 0 and 1. For
example, a reliability of 0.97 indi-
cates that, on average, 97 out of
100 times the item will perform its
function for a given period of time
under specified operating condi-
tions. Often, reliability is expressed
as a percentage simply to be more
descriptive (97 percent reliable).
Reliability can be improved by using
better components or by adding
redundant components. In either
case, costs increase; thus, trade-offs
must be made.

Automotive Gremlins

Have you even encountered mysterious noises and rattles in your engine or
transmission? While some might attribute such mischievous behavior to gremlins,
there is usually an engineering explanation. In transmissions, for example, which
consist of many gears and other parts in a “stack-up” assembly, the lack of preci-
sion tolerances can lead to problems in performance such as gear clashes upon
shifting and, eventually, premature failure. When the parts in the assembly are at
the high end of the tolerance range, the stack-up becomes too tight; if they are at
the low end of the tolerance range, the stack-up is too loose. In either case, drivers
will notice the difference. This is why Taguchi advocated producing parts on the
nominal specification with minimal variation.
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Many manufactured goods consist of several components that are arranged in series but are
assumed to be independent of one another, as illustrated in Exhibit 5.7. If one component or
process step fails, the entire system fails. If we know the individual reliability, p;, for each com-
ponent, j, we can compute the total reliability of an n-component series system, R;. If the indi-
vidual reliabilities are denoted by py, ps....,p, and the system reliability is denoted by R,, then

R=(p)p,)p,)-(p,) [5.2]

Other designs consist of several parallel components that function independently of each
other, as illustrated in Exhibit 5.8. The entire system will fail only if all components fail; this
is an example of redundancy. The system reliability of an n-component parallel system is
computed as

Many other systems are combinations of series and parallel components. To compute the
reliability of such systems, you have to analyze the structure and use formulas 5.2 or 5.3 to
replace series subsystems or parallel subsystems with equivalent single components until the
final structure is either a simple series or parallel system. These formulas can help design-
ers and engineers assess the reliability of proposed designs and optimize their performance.
Solved Problems 5.3-5.6 illustrate the use of these formulas and an Excel template for reli-
ability analysis.

EXHIBIT 5.7 Structure of a Serial System

Component Component Component
. > e oo N

IR A EEENl 53 Design for Manufacturability

Many aspects of product design can adversely affect manufacturability
Component
Component
2

and, hence, quality. Some parts may be designed with features difficult
Component
n

to fabricate repeatedly or with unnecessarily tight tolerances.* Some
parts may lack details for self-alignment or features for correct insertion.
In other cases, parts so fragile or so susceptible to corrosion or contami-
nation may be damaged in shipping or by internal handling. Sometimes
a design simply has more parts than are needed to perform the desired
functions, which increases the chance of assembly error. Thus, problems
of poor design may show up as errors, poor yield, damage, or functional

failure in fabrication, assembly, test, transport, and end use.

Design for manufacturability (DFM) is the process of designing a prod-
uct for efficient production at the highest level of quality. One way of doing this
is through product simplification. Product simplification is the process of
trying to simplify designs to reduce complexity and costs and thus improve productiv-
ity, quality, flexibility, and customer satisfaction. The simpler the design, the
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SOLVED PROBLEM 5.3: COMPUTING RELIABILITY OF A SERIES SYSTEM
Consider a new laboratory .blood analysis machine consisting
of three major subassemblies: A, B, and C. The manufacturer is

evaluating the preliminary design of this piece of equipment.

The reliabilities of each subassembly are shown in Exhibit 5.9. A n C
What is the system reliability?

Solution:

Because this is a series system, we use Equation 5.2:

R, =(0.98) (0.97) (0.99) = 0.883 or 88.3 percent

SOLVED PROBLEM 5.4: COMPUTING RELIABILITY OF A PARALLEL SYSTEM

The reliability of an electronic component in an automated EXHIBIT5.10  Parallel System
machine tool is 0.91. The design engineer is considering .

creating a parallel (backup) system as shown in Exhibit 5.10. .
(Assume equipment software switches to the working compo-

nent if one fails.) How much is reliability improved? 0.9
Solution:

Using Equation 6.3, the reliability of the parallel system is

Rp =1-—(1-091)(1—-091) =1-0.0081 = 0.9919. .

The reliability has increased from 91 percent to over 99 percent 0.91

by adding the redundant component.

SOLVED PROBLEM 5.5: COMPUTING THE RELIABILITY OF A SERIES SYSTEM

WITH A PARALLEL SUBSYSTEM

Exhibit 5.11 shows as series system with parallel redundancy for component B. What is the reliability of this system?

Solution:

First, compute the reliability of the parallel subsystem for component B using formula 5.3: R, =1 - (1 - 0.9)* = 0.999. We use the
Excel template System Reliability available on MindTap to facilitate the calculations as shown in Exhibit 5.12. Replace this parallel
system with a single component having this reliability, resulting in a series system shown in Exhibit 5.13. Next, compute the reliabil-
ity of this equivalent series system using formula 5.2 or the Excel template as shown in Exhibit 5.14. R, = (0.99)(0.999)(0.96)(0.98) =
0.93. The reliability of the original system is therefore 0.93.
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PART TWO: Designing Operations and Supply Chains

EXHIBIT 5.11 A Series—Parallel System

Rg=0.9
s R,=0.99 Rg=0.9 R;=0.96 s R;=0.98
Rg=0.9

EXHIBIT 5.12  Using the System Reliability Excel Template for Component B

A B D E
1 :Sysfem Reliability lCopyright © 2019 Cengage Learning
2 |Enter data only in yellow cells Not for commercial use.
3
4 Series Systems | Parallel Systems
5 i
6 |Component Reliability Component Reliability
7 Component 1 Component 1 0.9
8 Component 2 Component 2 0.9
9 Component 3 Component 3 0.9
10 Component 4 Component 4
11 Component 5 Component 5
12 Component 6 Component 6
13 Component 7 Component 7
14 Component 8 Component 8
15 Component 9 Component 9
16 | Component 10 Component 10
17 | System Reliablity 0.000000000 System Reliablity 0.9990000000)
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EXHIBIT 5.13  Equivalent Series System

s R,=099 s R;=0999 s R£.=096 P R£;=0.98 |j——

EXHIBIT 5.14  Using the System Reliability Template for the Equivalent Series System

..__7A SN ¥ B c_ D__ - — . E
1 |System Reliability Copyright © 2019 Cengage Learning
2 |Enter data only in yellow cells Not for commercial use.
3
4 | Series Systems |
5 |
6 |Component Reliability Component Reliability
7 Component 1 0.99 Component 1
8 Component 2 0.999 Component 2
9 Component 3 0.96 Component 3
10 Component 4 0.98 Component 4
11 Component 5 Component 5
12 | Component 6 Component 6
13 Component 7 Component 7
14 Component 8 Component 8
15 Component 9 Component 9
16 Component 10 Component 10
17 | System Reliablity 0.930460608 System Reliablity 0.0000000000

SOLVED PROBLEM 5.6: COMPUTING THE RELIABILITY OF A PARALLEL

SYSTEM WITH SERIES SUBSYSTEMS

Exhibit 5.15 shows a parallel system that consists of two series subsystems. What is the reliability of this system?

Solution:

Convert each series subsystem to an individual component. Using the System Reliability template or formula 5.2, we see that
R,sc = (0.95)(0.98)(0.99) = 0.92169 and R, = (0.99)(0.97) = 0.9603. This results in the equivalent parallel system shown in Exhibit 5.16.

ABC ™~

The reliability of this parallel system is R = (1 - 0.92169)(1 - 0.9603) = 0.99609.
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EXHIBIT 5.15 A Parallel System with Series Subsystems

R,=0.95

EXHIBIT 5.16  Equivalent Parallel System

Rygc = 0.92169

Rpe = 0.9603

fewer opportunities for error, the faster the flow time, the better the chance of high process
efficiency, and the more reliable the manufactured good or service process. For example,
the redesign of the Cadillac Seville rear-bumper assembly reduced the number of parts by
half and cut assembly time by 57 percent, to less than eight minutes, saving the company
over $450,000 annually in labor costs.? Because many of the eliminated parts were squeak-
and rattle-causing fasteners, nuts, bolts, and screws, the change also improved the quality
of the car.

Toyota: Simple Design Simplifies Operations

Manufacturing complexity is driven by choices and options. For the Toyota Venza, simplicity is key. In effect, there is one model
that is available in four versions: a four-cylinder engine with front-wheel drive or all-wheel drive, or a six-cylinder engine with the
same. Not only does this design strategy give consumers a nicely equipped vehicle right from the get-go, but it also makes things
comparatively easier at the Toyota Georgetown assembly plant by reducing the complexity of assembling a much larger variety of
different models and options.®
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5-3d Design for Sustainability

Environmental concerns are placing increased pressure on design. Pressures from environ-
mental groups clamoring for “socially responsible” designs, states and municipalities that are
running out of space for landfills, and consumers who want the most for their money have
caused designers and managers to look carefully at the concept of Design for Environment.”
Design for Environment (DfE) is the explicit consideration of environmental concerns during the design
of goods, services, and processes, and includes such practices as designing for recycling and disassembly. For
example, Energy Star dishwashers use advanced technology to get your dishes clean while
using less water and energy. A dishwasher built in 1994 uses considerably more water per cycle
than today’s Energy Star—certified models and costs an extra $40 a year in electrical utility
bills. In addition, an Energy Star dishwasher results in a reduction of 1,140 pounds of carbon
dioxide that is released to the air due to less demand on electrical power and water plants.
One aspect of designing for sustainability is designing products that can easily be repaired
and refurbished or otherwise salvaged for reuse.

54 Service-Delivery System Design

As we illustrated in Exhibit 5.1, the design of services revolves around designing the service-
delivery system and service encounters. Service-delivery system design includes facility location
and layout, the servicescape, service process and job design, and technology and information support systems.
Integrating all of these elements is necessary to design a service that provides value to custom-
ers and can create a competitive advantage. A poor choice on any one of these components,
such as technology or job design, can degrade service system efficiency and effectiveness.

s5-4a Facility Location and Layout

Location affects a customer’s travel time and is an important competitive priority in a service
business. Health clinics, rental car firms, post offices, health clubs, branch banks, libraries,
hotels, emergency service facilities, retail stores, and many other types of service facilities
depend on good location decisions. Starbucks Coffee shops, for example, are ubiquitous in
many cities, airports, and shopping malls. The layout of a facility affects process flow, costs,
and customer perception and satisfaction.

5-4b Servicescape

The servicescape is all the physical evidence a customer might use to form an impression.® The services-
cape also provides the behavioral setting where service encounters take place. People around the world,

Pepsi: From Plastic- to Plant-Based Bottles

Pepsi introduced new soft-drink bottles made entirely from plant material such as
switch grass, pine bark, and corn husks instead of oil-based plastic. The new
bottles look, feel, and protect the drink inside exactly the same as Pepsi’s cur-

rent bottles. Pepsi is conducting tests of the bottles, and after it can be sure

that it can successfully produce them on a large scale, Pepsi will begin to

convert all of its products—nbillions of bottles each year—to the new design.
Pepsi noted that the cost to research and design the new bottle was in the mil-
lions of dollars.’
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. for example, recognize the servicescape
McDonald’s servicescape of McDonald’s restaurants. The build-

helps to establish its ing design (golden arches), decorative

brand im age. schemes and colors, playground, menu
board, packaging, employee uniforms,
drive-through, and so on all support
McDonald’s competitive priorities of
speed, consistency, cleanliness, and cus-
tomer service. The standardization and

integration of the servicescape and ser-
vice processes enhance efficiency. McDonald’s servic-
escape helps establish its brand image.
A servicescape has three principal dimensions:*

1. Ambient conditions—made manifest by sight, sound,
smell, touch, and temperature. These are designed
into a servicescape to please the five human senses.
For example, Starbucks decided to quit serving a
warm breakfast in all Starbucks stores because the
egg-and-cheese breakfast sandwiches were interfer-
ing with the aroma of the coffee in stores.

2. Spatial layout and functionality—how furniture,
equipment, and office spaces are arranged. This
includes building footprints and facades, streets,
and parking lots. A law firm would probably
design various conference areas for conversa-
tions to take place in a quiet and private setting;
a children’s hospital would probably include safe,
enclosed play areas for kids.

3. Signs, symbols, and artifacts—the more explicit
signals that communicate an image about a firm.
Examples include mission statements and diplo-
mas on a wall, a prominently displayed company
logo on company vehicles, a trophy case of awards,
letterhead, and company uniforms. Luxury auto-
mobile dealers offer free food and soft drinks
instead of vending machines.

y/Shutterstock.com

s_bukle

Great Customer Service Some servicescapes, termed lean servicescape

the Disney Way environments, are very simple. Online ticket out-

lets and Federal Express drop-off kiosks would
Perhaps we should call it the “Disney Wow" because that's what the qualify as lean servicescape environments, as
Disney organization seeks to do in creating outstanding customer both provide service from one simple design.
service. They pay great attention to every detail of a customer’s More complicated designs and service systems are termed
experience, from the overall servicescape to every service encoun- elaborate servicescape environments. Examples
ter with a cast member, all designed to create a“Wow!” in the cus- include hospitals, airports, and universities."

tomer’s mind. For instance, guests who forget where they parked
but remember their arrival time can be helped by a Disney employee  5.4¢ Service Process and

F)eFause a. record is kept of the time thét eachrowin the Parklng lot Job Design

is filled. Disney shares its knowledge with other organizations—for

example, by working with the National Football League to create Service process design is the activity of developing an
great experiences at the Super Bowl. efficient sequence of activities to satisfy both internal and

external customer requirements. Service process designers
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must concentrate on developing pro-

cedures to ensure that things are done A First-[:lass Sen’icescape

right the first time, that interactions
between customers and service pro-

Emirates Airlines has
introduced First-Class it
Private Suites on all of 3
their A380 and A340-500
aircraft, and on most
Boeing 777s.The suites
provide an unparalleled
servicescape for upper-
echelon travelers. They
include privacy doors, a
personal mini-bar, seats
that convert into a fully
flat bed with mattress, a vanity table and mirror, up to 2,000 channels of the latest
movies and TV shows on demand, and even an A380 Shower Spa."

viders are simple and quick, and that res’ A380 First ¢,
—— sSUilp

human error is avoided. Fast-food res-
taurants, for example, have carefully
designed their processes for a high
degree of accuracy and fast response
time.'”> New hands-free intercom sys-
tems, better microphones that reduce
ambient kitchen noise, and screens
that display a customer’s order are all
focused on these requirements.

lev radin/Shutterstock.com

In many services, the customer
and service provider coproduce the
service, which makes service process
and job design more uncertain and

challenging. For example, customers |

can slow down or upset service provid-

ers and other customers at any time.

Therefore, managers need to anticipate potential service upsets—including those caused
by customers—and develop appropriate responses such as providing extra capacity, training
service providers on proper behavior, and empowering them to deal with problems when
they occur. Superior service management training is critical for excellent service process

and job design.

s-4d Technology and Information Support Systems

Hard and soft technologies are important factors in designing services to ensure speed,
accuracy, customization, and flexibility. Nurses, airline flight attendants, bank tellers,
police, insurance claims processors, dentists, auto mechanics and service-counter person-
nel, engineers, hotel room maids, financial portfolio managers, purchasing buyers, and
waiters are just a few examples of job designs that are highly dependent on accurate and
timely information.

55 Service-Encounter Design

Service-encounter design focuses on the interaction, directly or indirectly, between the service
provider(s) and the customer. 1t is during these points of contact with the customer that percep-
tions of the firm and its goods and services are created. Service-encounter design and job
design are frequently done in iterative improvement cycles.

The principal elements of service-encounter design are

customer-contact behavior and skills;

service-provider selection, development, and empowerment;

recognition and reward; and

service recovery and guarantees.

These elements are necessary to support excellent performance and create customer value
and satisfaction.
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employees, train them
well, and empower them

PART TWO: Designing Operations and Supply Chains

5-5sa Customer-Contact Behavior and Skills

Customer contact refers to the physical or virtual presence of the customer in the service-delivery system
during a service experience. Customer contact is measured by the percentage of time the cus-
tomer must be in the system relative to the total time it takes to provide the service. Systems
in which the percentage of customer contact is high are called high-contact systems; those in which it is
low are called low-contact systems.'*'> Examples of high-contact systems are estate planning
and hotel check-in; examples of low-contact systems are construction services and package
sorting and distribution.
Many low-contact systems, such as
processing an insurance policy in the back-

Compan ies must room, can be treated much like an assembly
careful ly select line, whereas service-delivery systems with
customer-contact high customer contact are more difficult to

design and control. One reason for this is the
variation and uncertainty that people (cus-
tomers) introduce into high-contact service
to meet and exceed processes. For example, the time it takes to

customer expectat ions. check a customer into a hotel can be affected

by special requests (e.g., a king bed or hand-

icapped-accessible room) and questions that
customers might ask the desk clerk. Low-customer-contact systems are essentially free of
this type of customer-induced uncertainty and therefore are capable of operating at higher
levels of operating efficiency. High-customer-contact areas of the organization are sometimes
described as the “front room or front office” and low-customer-contact areas as “back room
or back office.”

Customer-contact requirements are measurable performance levels or expectations that define
the quality of customer contact with representatives of an organization. These might include such
technical requirements as response time (answering the telephone within two rings), ser-
vice management skills such as cross-selling other services, and/or behavioral requirements
(using a customer’s name whenever possible). Walt Disney Company, highly recognized for
extraordinary customer service, clearly defines expected behaviors in its guidelines for guest
service, which include making eye contact and smiling, greeting and welcoming every guest,
seeking out guests who may need assistance, providing immediate service recovery, displaying
approachable body language, focusing on the positive rather than rules and regulations, and
thanking each and every guest.'

5-5b Service-Provider Selection, Development,
and Empowerment

Companies must carefully select customer-contact employees, train them well, and
empower them to meet and exceed customer expectations. Many companies begin with the
recruiting process, selecting those employees who show the ability and desire to develop
good customer relationships. Major companies such as Procter & Gamble seek people with
excellent interpersonal and communication skills, strong problem-solving and analytical skills,
assertiveness, stress tolerance, patience and empathy, accuracy and attention to detail, and
computer literacy.

Empowerment means giving people authority to make decisions based on what they feel is right, to
have control over their work, to take risks and learn from mistakes, and to promote change. At The Ritz-
Carlton Hotel Company, no matter what their normal duties are, employees must assist a
fellow service provider who is responding to a guest’s complaint or wish if such assistance is
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requested. Ritz-Carlton employees can spend up to $2,000 to resolve complaints, with no
questions asked. However, the actions of empowered employees should be guided by a com-
mon vision. That is, employees require a consistent understanding of what actions they may
or should take.

5-5c Recognition and Reward

After a firm hires, trains, and empowers excellent service providers, the next challenge
is how to motivate and keep them. Research has identified key motivational factors
to be recognition, advancement, achievement, and the nature of the work itself. A
good compensation system can help to attract, retain, and motivate employees. Other
forms of recognition such as formal and informal employee and team recognition, pre-
ferred parking spots, free trips and extra vacation days, discounts and gift certificates,
and a simple “thank you” from supervisors are vital to achieving a high-performance
workplace.

5-5d Service Guarantees and Recovery

Despite all efforts to satisfy customers, every business experiences unhappy customers. A
service upset s any problem a customer has—real or perceived—uwith the service-delivery system and
includes terms such as service failure, error, defect, mistake, and crisis. Service upsets can adversely
affect business if not dealt with effectively.

A service guarantee s a promise to reward and compensate a customer if a service upset occurs
during the service experience. Many organizations—for example, Federal Express and Disney—
have well-publicized service guarantees to gain competitive advantage. An explicit service

guarantee is in writing and included in service provider publications and advertisements.
Taco Bell and Hampton Inns use explicit service guarantees to differentiate themselves from
competitors. Implicit guarantees are not in writing but are implied in everything the service

L.L. Bean: Service Guarantee

In 1916, Mr. L.L. Bean placed the following notice on the wall of his store—"I do not consider a sale complete until goods are worn
out and customers still satisfied."Today, L.L. Bean's explicit service guarantee is “Our products are guaranteed to give 100 percent
satisfaction in every way. Return anything purchased from us

at any time if it proves otherwise. We do not want you to have bl

anything from L.L. Bean that is not completely satisfactory.”L.L.
Bean continues by saying, “From kayaks to slippers, fly rods to
sweaters, everything we sell at L.L. Bean is backed by the same
rock solid guarantee of satisfaction. It's been that way since our
founder sold his very first pair of Bean Boots in 1912. Whether
you purchased your item on llbean.com, by mail, by phone or
at one of our stores, visit any L.L. Bean retail store for fast and
friendly service!” L.L. Bean's website and call center give detailed
instructions on returns and exchanges, including free shipping
in some situations. L.L. Bean makes it as easy as possible for cus-
tomers to invoke the service guarantee."”

Michael G McKinne/Shutterstock.com
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EXHIBIT 5.17 One Example View of LensCrafters’s

PART TWO: Designing Operations and Supply Chains

provider does. Premium service providers such as The Ritz-Carlton Hotel Company and many
engineering, consulting, and medical organizations use implicit service guarantees. Objectives
of service guarantees include setting customer expectations prior to experiencing the ser-
vice, setting employee performance expectations, reducing customer risk, allowing premium
pricing, forcing operational improvement, building customer loyalty and brand image, and
increasing sales and revenue.'

Service guarantees are carefully designed and offered prior to the customer experiencing
the service. A good service guarantee includes determining what services to include, proce-
dures for the customer and service provider to invoke the guarantee, and the best economic
payout amount. Clearly, the best a firm can hope for is never to have to invoke a service
guarantee; thus, the firm must design its processes and operational capability to minimize
service upsets.

Nevertheless, service upsets occasionally occur. When this happens, companies need to
recover the customer’s trust and confidence. Service recovery is the process of correcting a service
upset and satisfying the customer. Service recovery should begin immediately after a service upset
occurs and when the customer is visibly upset; the longer customers wait, the angrier they
might get. Service-recovery processes should be clearly documented, and employees should
be trained and empowered to use them whenever necessary. Service providers need to listen
carefully to determine the customers feelings and then respond sympathetically, ensuring that
the issue is understood. Then they should make every effort to resolve the problem quickly,
provide a simple apology, and perhaps offer compensation such as free meals or discount
coupons.

56 An Integrative Case Study of LensCrafters

To illustrate how goods and services are designed in an integrated fashion, we will study
LensCrafters—a well-known provider of eyeglasses produced “in about an hour.” We use the
framework for goods and service design shown in Exhibit 5.17.

Steps 1 and 2—Strategic Mission, Market Analysis, and Competitive
Priorities LensCrafters (www.lenscrafters.com) is an optical chain of about 860 special
service shops with on-site eyeglass production capabilities in the United States, Canada, and
Puerto Rico. All resources neces-
sary to create and deliver “one-stop-
: shopping” and eyeglasses “in about an
Customer Benefit Package hour” are available in each store.

LensCrafters’s mission statement

is focused on being the best by

Convenient Eyewear

C(lantact (el accessories creating customers for life by
ens and cases deliverine 1 d X i
accessories elivering legendary customer

service;

Exams
and

Service

developing and energizing associ-

ates and leaders in the world’s
best workplace;

crafting perfect-quality eyewear
in about an hour; and

One-hour
service

Professional,
friendly
employees

Modern
equipment
in showroom

delivering superior overall
value to meet each customer’s

individual needs.'
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CHAPTER 5: Goods and Service Design

Step 3—Customer Benefit Package Design and Configuration Our perception
of the LensCrafters customer benefit package is the integrated set of goods and services
depicted in Exhibit 5.17. The primary good (eyewear) and the primary service (accurate eye
exam and one-hour service) are of equal importance. Peripheral goods and services encircle
the primary ones to create “a total LensCrafters’ experience.”

Steps 4a and b—Manufactured Good Design and Process Selection The man-
ufacturing process is integrated into the service facility to provide rapid order response, yet
not sacrifice quality. In this industry, it is unusual for customers to watch their eyeglasses being
made, and this “service experience” is viewed as adding value. The equipment used in the labs
is the most technologically advanced equipment in the industry. The eyewear is manufactured
to specifications in a clean, modern, professionally run facility.

Other issues that LensCrafters would need to consider in designing its manufacturing
processes are:

How are eyeglass lenses and frames ordered? Are these materials ordered by individual
stores or consolidated by region/district? How can the high quality of eyewear be
ensured? What new materials are available?

What items should be stored at the region/district warehouse and stores? What type of
purchasing and inventory control systems should be used? How should supplier perfor-
mance be evaluated?

What eyewear-making equipment should be used? What is the latest technology?
Which equipment is most flexible? Should the equipment be purchased or leased?
How should it be maintained and by whom?

What is the most efficient production procedure to make the goods and meet time
schedules? Where should quality be checked in the manufacturing process?

Step 4c—Service-Delivery System Design The service-delivery system, as evidenced
by the location and layout, servicescape, service processes, job designs, technology, and orga-
nizational structure, is combined into an integrated service-delivery system. LensCrafters’s
stores are located in high-traffic areas such as shopping centers and malls within 5 to 10 miles
of the target market.

A typical store layout is shown in Exhibit 5.18. The servicescape is designed to convey an
impression of quality and professionalism. The store is spacious, open, clean, and carpeted,
with professional merchandise display areas, modern furniture in the retail area, modern
equipment in the laboratory, technicians in white lab coats, shiny machines in the lab, and
bright lights throughout. The store display cases, eye examination areas, and fitting stations are
in the high-contact area where customers and service providers interact frequently. Optom-
etry degrees, certifications, and licenses hanging on the wall provide physical evidence of
employees’ abilities.

A greeter directs each customer to the appropriate service area as he or she enters the
store. The low contact area of a LensCrafters store—the optical laboratory—is separated from
the retail area by large glass panels. The optical laboratory becomes a “showroom” where the
customer’s perception of the total delivery process is established.

The store is a service factory. The typical service process begins when a customer makes
an appointment with an optician, and continues until the eyeglasses are received and paid
for. Between these two events, the customer travels to the store, parks, receives a greeting
from store employees, obtains an eye examination, selects frames, is measured for proper
eyeglasses and frame fit, watches the eyeglasses being made in the laboratory, and receives a
final fitting to make sure all is well. Information flow in the forms of prescriptions, bills, and
receipts complements the physical flows of people and eyewear.
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EXHIBIT 5.18 A Schematic View of a Typical LensCrafters’s Store Layout
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Step 4d—Service Encounter Design Each job at LensCrafters—sales associate,
lab technician, and doctor of optometry—requires both technical skills and service man-
agement skills. Associates are well trained, friendly, and knowledgeable about their jobs.
The lab technicians are certified in all work tasks and processes. Many associates are
cross-trained.

At the service-encounter level, key issues that managers need to consider include the
following:

What human resource management processes and systems will ensure hiring the right
people, training them properly, and motivating them to provide excellent service? What
recognitions and rewards should be provided?

How are associates trained to handle service upsets and service recovery?
What standards should be set for grooming and appearance?

What behavioral standards, such as tone of voice, physical mannerisms, and the lan-
guage that associates use in customer interactions, should be set?

How should employee performance be measured and evaluated?

What can be done to make the one-hour wait a positive experience for customers?

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.
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LensCrafters reinforces its customer benefit package with a comprehensive, 90-day,
unconditional service guarantee design defined as follows:

Our glasses warranty protects you in case you change your mind. Maybe you bought red
frames, only to decide they’re not your color. Or you realize you should have gotten the
anti-reflective coating. Or after wearing them for a few days, it becomes clear they’re not
comfortable. It doesn’t matter what your reason is—you should love your purchase. So
we give you peace of mind with every pair.

How does it work? Our eyewear guarantee is simple. Just return your eyeglasses—in
resalable condition—to LensCrafters within 90 days. We'll exchange them for a new pair
or refund your money. We stand behind every pair.

What does “Unconditional” really mean? The 90 days begins on the date you purchase
your eyeglasses. If you exchange your purchase for a pair at a lower price, we'll refund the
price difference. If you exchange your purchase for a pair at a higher price, you'll only
pay the price difference. And we guarantee ONE-YEAR EYEWEAR PROTECTION.

With purchase of our One-Year Eyewear Protection Plan, you can make sure your
eyeglasses are covered, whether you need a repair or replacement.

Steps 5 and 6—Market Introduction/Deployment and Evaluation Although
the company has been around for some time, it undoubtedly faces challenges in replicating its
design concept in new locations. On a continuing basis, as technology and procedures change,
LensCrafters will have to develop processes to introduce changes into all existing locations to
maintain operational consistency and achieve its strategic objectives. For example, how might
it react as competitors such as Walmart enter the optical industry?

As you see, LensCrafters’s manufacturing and service design depends on a variety of
operations management concepts, all of which are integrated and support a rather complex
customer benefit package.
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CHAPTER 5 LEARNING OBJECTIVE SUMMARIES

Describe the steps involved in designing goods and services.
The steps are outlined in Exhibit 5.1, which highlights the differences
in designing goods and services. These are summarized below.

Steps 1 and 2—Strategic Mission, Analysis, and Competitive
Priorities

Explain the concept and application of quality function
deployment. QFD focuses on turning the voice of the customer
into specific technical requirements that characterize a design and

Describe how the Taguchi loss function, reliability,
design for manufacturability, and design for sustain-
ability are used for designing manufactured goods. The
Taguchi loss function is a reaction to the goalpost model of conform-
ing to specifications. Taguchi's approach assumes that the smaller the
variation about the nominal specification, the better is the quality. In
turn, products are more consistent, and total costs are lower. The loss
function is represented by

Lx) =k(x = T) [5.1]

Reliability is the probability that a manufactured good, piece of
equipment, or system performs its intended function for a stated
period of time under specified operating conditions. Many goods

are configured using a series of components, parallel (redundant)
components, or a combination of these. If the individual reliabilities
are denoted by p, p,, p,, ..., p, and the system reliability is denoted by
Rs, then for a series system,

R.=(p)p,) ) (p) [5.2]

Define the five elements of service-delivery system
design. Service-delivery system design includes facility location

Describe the four elements of service-encounter design.
The principal elements of service-encounter design are customer-
contact behavior and skills; service-provider selection, development, and
empowerment; recognition and reward; and service guarantees and

Explain how goods and service design concepts are
integrated at LensCrafters. Managers at LensCrafters must
understand both the goods and service sides of the business to be
successful. Complex customer benefit packages (see Exhibit 5.17,

Step 3—Customer Benefit Package Design and Configuration
Step 4—Detailed Goods, Services, and Process Design

Step 5—Market Introduction/Deployment

Step 6—Marketplace Evaluation

provide the “blueprint” for manufacturing or service delivery. The
process is initiated with a matrix, which because of its structure is
often called the House of Quality (see Exhibit 5.2).

The system reliability of an n-component parallel system is
computed as

R=1=(=p)0=p)1=p)-(-p) 53]

To compute the reliability of systems that include combinations of
series and parallel components, first compute the reliability of the
parallel components and treat the result as a single series compo-
nent; then use the series reliability formula to compute the reliability
of the resulting series system.

One way to improve reliability during design is to anticipate any product
failures that may occur and then design the product to prevent such
failures. Another useful approach is DFM, or design for manufacturability,
which is intended to prevent product designs that simplify assembly
operations but require more complex and expensive components, designs
that simplify component manufacture while complicating the assembly
process, and designs that are simple and inexpensive to produce but dif-
ficult or expensive to service or support. Sustainability concerns are being
addressed through an approach called design for environment (DfE),
which often includes designing goods that can be repaired or recycled.

and layout, the servicescape, service process and job design, and
technology and information support systems.

recovery. Service guarantees are offered prior to the customer buying or
experiencing the service and help to minimize the risk to the customer.
Service recovery normally occurs after a service upset and may require
free meals, discount coupons, or a simple apology.

which highlights both the goods and services that are integrated
at LensCrafters) require complex operating systems. To design
and manage LensCrafters’ processes, an understanding of OM is a
critical skill.

KEY TERMS

¢ Customer-contact requirements

¢ Design for manufacturability

Empowerment

e Customer contact (DFM) o High-contact systems

e Design for Environment * Elaborate servicescape ¢ Lean servicescape
(DfE) environment environment
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e Low-contact systems * Reliability e Service recovery

¢ Product simplification e Service-delivery system design ¢ Servicescape

¢ Prototype testing * Service-encounter design ¢ Service upset

¢ Quality function deployment e Service guarantee ¢ Voice of the customer
(QFD) * Service process design

REVIEW QUESTIONS

—_

©® 606066 6060606

. Explain the importance of new product design and

development.

. What are the six major steps in designing goods

and services?

. What is prototype testing? Why is it used?
. Explain the concept and application of quality

function deployment.

. Describe the goal-post view of conforming to

specifications.

. Describe how the Taguchi loss function is used for

designing manufactured goods.

. Describe how reliability is used for designing

manufactured goods.

. Describe how design for manufacturability (DFM)

and design for sustainability are used for designing
manufactured goods.

. What is the rationale for product and process

simplification?

. Explain the five elements of service-delivery sys-

tem design.

. What is customer contact?

. Define high- and low-contact systems and provide

examples of each.

. Describe the four elements of service-encounter

design.

. Define a service guarantee and provide one

example.

. Define a service upset and provide one example

from your personal experiences.

. Explain how goods and service design concepts are

integrated at LensCrafters.

DISCUSSION QUESTIONS AND EXPERIENTIAL ACTIVITIES

D

. What lessons can be learned from the LaRosa’s

@ 23.

How might modern technology, such as the Internet,
be used to understand the voice of the customer?

Pizzeria boxed example?

. In building a House of Quality, what departments

or functions should be involved in each step of the
process?

. Explain how the goal-post view of conforming to

specifications differs from Taguchi’s loss function.
Would you rather buy an automobile where suppli-
ers used the goal-post or Taguchi models? Why?

. Research and write a short paper (maximum two

typed pages) illustrating an example of how a company
applies concepts of Design for Environment (DfE).

. Choose a servicescape for a business with which

you are familiar and list key physical attributes of
the servicescape and their impact on customer
service and value. Explain how the servicescape
establishes the behavioral setting for your example.

Define lean and elaborate servicescapes and give
an example not in the textbook.

(5.4 28

D=

@ 26.

@ 27.

Select a service at your school, such as financial aid,
bookstore, curriculum advising, and so on. Propose
a redesign of this service and its service delivery
system. First, baseline the current service and sys-
tem and then suggest how to redesign and improve
it. Make use of chapter ideas as best you can.

Identify a job in an organization and describe how
the four elements of service-encounter design are
designed and managed for this job. (The job you
select could be in a professional organization such
as a dentist or tax advisor, or in a routine service
organization such as a hotel check-in desk clerk or
airline flight attendant.)

Propose an explicit service guarantee for a fast-
food restaurant. Clearly explain why you included
the features of your service guarantee (maximum
of one page). Do you think that a restaurant would
adopt it? Why or why not?

Identify a service-provider job and associated
service encounters and design and write a job
description for it. (Consider desired customer-
contact skills and behaviors, education and training
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requirements, empowerment capabilities, hiring
criteria, and so on.)

Is it easier to management a high- or low-custom-
er-contact business? Explain.

Characterize the following goods and services on
the low-high-customer-contact continuum and
justify your answer in a sentence or two.

a. participating in a case study classroom discussion
b. listening and taking notes in a classroom lecture
¢. machining an aluminum part in a factory

d. taking your automobile to the dealer for repair
and waiting for service contact

e. playing golf in a foursome of friends

f. driving a truck and delivering the shipment at

the loading dock

g. handling a customer’s claim on a lost shipment
over the telephone

h. approving medical claims in an insurance
company

Find an example of a service guarantee and explain

its strengths and weaknesses.

D

How would you rate the following service-encoun-
ter experience?

You are going on a trip to see a play in New York
City. Your airline flight sits at the gate awaiting
the pilot and co-pilot at 8 am in the morning.
You sit and you sit. After one hour, all passen-
gers are ask to leave the plane, take all carry-on
bags, and are informed that the flight is can-
celled. Neither the flight attendants nor airline
gate personnel apologize. At the rebook counter,
you are informed that you'll receive a full credit
for this flight (i.e., zero cost to you). You take
off on a substitute flight the same morning. It
arrives in NYC at 2:35 pm. The replacement
flight is on-time and all goes well. You arrive
three hours and forty minutes after your original
arrival time.

Describe your negative and positive reactions to
this experience.

. Do you think you will be working in manufactur-

ing or services when you graduate? What do you
think will be the role of manufacturing in the U.S.
economy in the future?

COMPUTATIONAL PROBLEMS AND EXERCISES

These exercises require you to apply the formulas and methods described in the chapter. The problems should be solved manually.

(5.2

@ 35.

Given the following customer requirements and
technical requirements for an automobile, con-
struct a partial House of Quality. Use your own
preferences to denote relationship strengths.

Technical
Requirements

Customer
Requirements

good mileage acceleration rate
fast response when passing

good handling

fuel economy
passing time

. Develop a House of Quality for a manufactured

good or service based on current or past work
experience or something else you are familiar
with. Some ideas might be a quick service oil

change, a fast-food restaurant, a new car, or a
fitness club.

The following exhibit shows a partially com-
pleted House of Quality for a proposed fitness
center.

a. Examine the relationships in the roof of the
House of Quality. Explain why they make

sense (or if you think they do not, explain
why). How would this assessment help in the
design activity?

b. Complete the matrix in the body of the
House of Quality. That is, examine each pair
of customer and technical requirements and
determine if there is a very strong relationship,
a strong relationship, a weak relationship, or no
relationship and fill in the appropriate symbols
in the matrix.

c. Suppose that the most important customer
requirements identified through surveys and
focus groups are “Has programs I want,”
“Family activities available,” “Equipment
available when desired,” “Easy to sign up
for programs,” and “Value for your money.”
“Staff available when needed” was ranked
low, while the remaining were ranked moder-
ate in importance. Based on this informa-
tion, identify the most important technical
requirements that should be addressed in
subsequent design activities.

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



CHAPTER 5: Goods and Service Design 133

©X X0
0 ©
©
D) U . .
o X 0 e \ery strong relationship
o 0 O Strong relationship
v < v A Weak relationship
2 o
E $ % g (0] @ Ie) o %
2| Ellg o|5(2l=]2
i I e e
581212 2|2\ 2(3|2|3 (2| 2|5 | €2
@@EE g:i%ggt% S121Z2]5
Ol9 IS |B|=s|® %] S Of+=
ol ol e B il S A S B o B B R B A
o ¢ | Has programs | want
E_O
gg S | Programs are convenient
SIS
a < | Family activities available
é Clean locker rooms
|§ Well-maintained equipment
Safe place to be
(0]
2 | Equipment available
o3 when desired
(o]
% Wide variety of equipment
Adequate parking
Friendly and courteous
Knowledgeable and
E professional
175}
Available when needed
Respond quickly to problems
5 | Easy tosign up for programs
C
O | Value for the money
@ 36. Build a House of Quality (showing only the g. Lots of chocolate
Voice of the customer, Technical features, . . o
) ) . . ’ The technical features identified are
Interrelationships, and Relationship matrix
from Exhibit 5.2) for designing and producing baking temperature,
chocolate chip cookies. The voice of the cus- b. baking time,
tomer consists of the following: c. type of chocolate,
a. Soft d. proportion of chocolate,
b. Fresh e. size,
c. Bittersweet f. shape,
d. Not burned g. thickness,
Large size h. batch size, and
f. Moderate price i. amount of preservatives.
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Clearly explain your reasoning for your ratings of

the interrelationships and relationship matrix. Can
you think of other technical features that should be
included to better address the voice of the customer?

. Suppose that the specifications for a part (in inches)

are 6.00 = 0.02 and that the Taguchi loss function for
some part is estimated to be L(x) = 6,800 (x — T)*
Determine the economic loss if x = 6.05 inches.

. A quality characteristic has a specification (in inches)

of 0.200 = 0.020. If the value of the quality charac-
teristic exceeds 0.200 by the tolerance of 0.020 on
either side, the product will require a repair of $150.
Develop the appropriate Taguchi loss function.

. Vehicle transmission repairs for part number

TAC45123 are costly to replace. A highly skilled
mechanic must disassemble the transmission. If
the part fails while it is in warranty, the manufac-
turer pays the full cost of the repair to the garage
or dealer that did the repair. The manufacturer
uses the Taguchi loss function to set a specification
for the part with k = 40,000. The dimensions for
the part are 1.0 £ 0.10 centimeters.

a. What is the economic value of one failed part?

b. If the manufacturer of the part paid the full war-
ranty cost on 1,862 failures last year worldwide,
what is the total economic cost of failure?

c. If the manufacturer improved process and
equipment capability so the part specifications
changed to 1.0 = 0.05 centimeters, what is the
economic cost of one failure?

d. Assuming failures were reduced by one half to
931 due to the more precise specifications, what
is the economic cost of failure?

e. How much warranty cost is saved according to
Taguchi estimates by improving specifications
from *£0.10 to =0.05?

. Cameras Galore, Inc. wants the economic loss due

to a failed part to be no more than $300 with a tar-
get (T) specification of 4.5 centimeters and a k =
12,000. Using the Taguchi loss function, what is the
value of x that meets these criteria?

. The manufacturing of compact disks requires four

sequential steps. The reliability of each of the steps
is 0.96, 0.87, 0.92, and 0.89, respectively. What is
the reliability of the process?

. The service center for a brokerage company pro-

vides three functions to callers: account status, order
confirmations, and stock quotes. The reliability was
measured for each of these services over one month
with these results: 90%, 80%, and 96%, respectively.
What is the overall reliability of the call center?

The system reliability for a two-component paral-
lel system is 0.99968. If the reliability of the first

D =

component is 0.992, determine the reliability of
the second component.

. The system reliability for a three-component

series system is 0.893952. If the reliability of
the first and third components is 0.96 and 0.97,
respectively, determine the reliability of the sec-
ond component.

. Two cooling fans are installed in some laptop com-

puters. Suppose the reliability of each cooling fan
is 0.98. What percent improvement in reliability
does adding the second fan provide?

Given the following diagram, determine the total
system reliability if the individual component
reliabilities are A = 0.94, B = 0.82, and C = 0.87.
(Hint: Use Equations 5.2 and 5.3 and note that
the reliabilities of the parallel components are
different.)

. A mortgage loan approval process consists of

three steps in series performed by clerks A, B,
and C. Errors are often made, and a study found
that clerks A and B had an average reliability of
only 0.85, which results in the paperwork having
errors, missing information, and so on. Clerk C
who performs the final review catches nearly

all mistakes and has a reliability of 0.99, but the
work involved is causing a considerable backlog.
After studying the process, the loan manager
decided to add an additional clerk D with more
experience to each of the first two steps to check
the work, having a reliability of 0.95 as shown in
the diagram on the next page.

a. How much does adding this redundancy
improve the reliability of the original pro-
cess?

b. If, in addition to adding clerks D, the reliabil-
ity of clerks A and B can be improved to 0.95
through better training, how much can the
reliability be improved?
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A simple electronic assembly consists of two com-

ponents in a series configuration with reliabilities
as shown in the figure below.

(Design Option A)

Engineers would like to increase the reliability by
adding additional components in one of the two
proposed designs shown below:
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0.9 0.95

0.9 0.95

|_|
|_|

Design Option B

0.9 0.95

0.9 0.95

Design Option C

a. Find the reliability of the original design.

b. Explain how the configurations of the proposed
designs differ.

c. Which proposed design has the best reliability?

EXCEL-BASED PROBLEMS

For these problems, you may use Excel or the spreadsheet templates in MindTap to assist in your analysis.

D«

@ 50.

D

@ 52.
@ 53.

Assume the specifications for a part (in inches) are
5.00 £ 0.37, and the Taguchi loss function is esti-
mated to be L(x) = 9,300 (x — T)2. Use the Excel
template Taguchi to determine the estimated loss
if the quality characteristic under study takes on a
value of 5.50 inches.

Assume the specifications for a television remote
control part (in inches) are 5.00 % 0.10, and the
Taguchi loss function is estimated to be L(x) =
5,500 (x — T)*. Determine the estimated loss per
part if the quality characteristic (i.e., actual process
performance) under study takes on a value of 4.91
inches. Use the Excel template Taguchi to find the
total economic loss if a production order for 50,000
remotes is recalled due to this part being so close
to the lower specification of 4.9.

A quality characteristic has a design specification
(in cm.) of 0.200 £ 0.02. If the actual process
value of the quality characteristic is at the
boundary of the tolerance on either side, the
product will require a repair of $30. Use the
Excel template Taguchi to find the value of k and
state the Taguchi loss function. What is the loss
associated with x = 0.205?

For the situation in problem 51, what are the
economic design specifications if the cost of
inspection and adjustment is $7.507?

Suppose that the design specifications for a
hydraulic cylinder are 10.00 £ 0.10 centimeters
and that the Taguchi loss function is estimated to

be L(x) = 1,400 (x — T)%. Use the Excel template
Taguchi to answer the following questions:

a. Determine the estimated loss for a production
order if the quality characteristic under study
takes on a value of 10.04 and 100 parts are
produced.

b. Assume the production process is recalibrated
weekly and a new sample of cylinders after
recalibration reveals an x-bar of 9.789. What
action, if any, is need in this situation? Explain.

@ 54. An electronic missile guidance system at Mguide

Inc. consists of components A, B, C, and D, which
have reliabilities of 0.98, 0.97, 0.91, and 0.95,
respectively (see the following diagram).

a. Use the Excel template Systems Reliability to
compute the reliability of the entire system.

b. Suppose the customer requires a reliability of at
least 0.98. Try to find a configuration that meets
this requirement using the minimum number
of components. Use the Excel template Systems
Reliability to assist in your analysis.
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@ 55. Magnaplex Inc. has a complex manufacturing
process, with three operations that are performed
in series. Because of the nature of the process,
machines frequently fall out of adjustment and
must be repaired. To keep the system going, two
identical machines are used at each stage; thus, if
one fails, the other can be used while the first is
repaired (see accompanying figure).

5] o]

The reliabilities of the machines are as follows:

Machine Reliability

A 0.85
B 092
@ 0.90

Use the Excel template Systems Reliability to
answer the following questions:

a. Analyze the system reliability, assuming only
one machine at each stage (all the backup ma-
chines are out of operation).

o

How much is the reliability improved by having
two machines at each stage?

Gulf Coast Bank: Service Guarantees

41 Jknow what we can do next; everything has been so

successful so far,” said Kay Ebelhar, marketing services
division manager. “How about designing and offering
a courtesy service guarantee? We will promise to greet
customers, give them our undivided attention, and then thank
them when they leave. As with our other service guarantees,
if we fail to deliver superior service encounters, we’ll give
the customer $5.00! What do you think?” So, the discussion
began this Tuesday morning at the monthly meeting of the
Marketing Control Task Force (MCTF). Following these
words, Sarah Coleman, service guarantee manager for Gulf
Coast Bank (GCB), pondered what the next step should be
in her company’s journey to become the industry leader in
customer service.

Four years ago, the bank undertook an extensive study
to identify the needs of its target customers and analyze
the actions of its competitors. Aided by extensive market
research, management quickly realized that certain service
features such as convenient location, interest rates paid on
customer accounts, and extended branch bank hours had
become a baseline level of performance (order qualifiers)

@ 56. MegaMart, a large department store, has a very
successful and profitable package wrapping depart-
ment. The department uses two very complex
bow-making machines that work inline to make
the bows for the packages. Bow-making machine
#1 has a reliability of 0.97. Machine #2 is old and
has a reliability of only 0.85. There is one skilled
operator who knows how to operate the machines.
She had been very reliable but recently has had
increasing health problems that have caused her
to miss work about 10 percent of the time. Use the
Excel template Systems Reliability to answer the
following questions:

a. What is the current reliability of the system,
including the operator?

b. Management is considering either scrap-
ping machine #2 and replacing it with a new
machine, which has a reliability of 0.98 at a cost
of $5,000, or training another operator to fill
in when the first operator is absent, at a cost
of $5,100. Management estimates that profits
from the department would increase by $7,000
per year if the bow-making line operated at
100 percent of capacity. If management wants
to pay off its investment in the first year, deter-
mine the expected net profit for each alterna-
tive and recommend which one will be the
most profitable to management.

from which nearly all competitors operated. GCB leaders
determined that to gain a competitive advantage, they must
provide customers with superior service, in addition to the
baseline features. To achieve this, the MCTF was created.

The bank’s service guarantee program has been in
place for 10 months now. Since January, media campaigns
have announced the service guarantees to the public and
bank employees have received training about them. In this
short amount of time, it has been difficult to evaluate the
results of the service guarantee program. Sarah knows that
the bank spent $860 for payouts during the 10 months for
300 branch banks and that there seemed to be no trend
up or down in the monthly payout amounts. Sarah was the
only one asking tough questions during MCTF meetings
such as “Are service upsets and errors being reduced?,”
“Are employees motivated to provide exceptional service?,”
“Are the bank’s processes and operational capability get-
ting better so GCB can execute these service guarantee
performance levels?,” “Is a $5 payout per service upset
adequate?,” and “Is the bank’s current service guarantee
program a failure?”
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A Gold Service Guarantee Program was developed
with the intent of insuring that the bank would emerge as
a leader in service quality within its market. It would also
be a source of competitive advantage, and a fundamental
component of their new corporate culture.

The initial phase of the Gold Service program consisted
of a series of print, radio, and television advertising, as well
as promotional campaigns geared toward customers and
employees. During this “awareness phase,” the goal was
to create a general market awareness of Bourbon Bank’s
attention to superior service. Next came the “action phase,”
where the bank set out to show specifically what it meant to
have excellent customer service. By implementing external
programs for customers, as well as internal programs for
employees, it could demonstrate the bank’s commitment to
following through with the ideals established in the previ-
ous phase. Media campaigns played a significant role in this
phase too, and promotional videos were used internally to
create service guarantee awareness and action.

Externally, the Gold Service Telephone Line was estab-
lished to answer and resolve any customer question or prob-
lem (although the average speed of answer time at the bank’s
customer call center was increasing, not decreasing these past
10 months). Single-transaction express teller windows at all
branch banks added friendly signs aimed at satisfying custom-
ers requiring simple transactions and quick response.

Internally, an extensive two-day training program for all
6,200 employees was developed to teach them how to live
up to the attributes of the “customer service pledge.” After
training and signing the pledge, each employee received a
paperweight inscribed with the pledge as a way of making
“Gold Service” more meaningful and relevant to both cus-
tomers and employees.

The bank initially introduced three specific guarantees.
First, checking and savings account statements are guaranteed
to be accurate. If there is a mistake, regardless of the reason,
the customer receives $5.00. Second, customers are promised
answers about their application for a home or automobile loan

Tom's Auto Service

Tom’s Auto Service (TAS) is a regional quick-service vehi-
cle oil-change and lubricant-change service somewhat
similar to Jiffy Lube and Tuffy Tire & Auto Service. TAS seeks
to differentiate its 32 stores from competition by focusing on
peripheral goods and services, the servicescape, and customer-
friendly employees. The primary customer benefit package
consists of friendly, professional employees who regularly
interact with customers, providing oil, oil filters, air filters,
tires, windshield wiper blades, and lubricants. Automotive
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in the time frame specified by the customer. This guarantee is
the personal commitment of the employee who takes the appli-
cation to deliver an answer within the customer’s specified time
frame. If the employee does not, GCB will pay the customer
$5.00. Finally, the bank promises that customers who call the
Gold Service Telephone Line will not be transferred, asked to
tell their story twice, or made to search for answers themselves.
If they are, the employee will award the $5.00 payout on the
spot. All payouts are credited to the customer’s bank accounts.
A $5.00 payout is associated with each guarantee and is
given to the customer at the time the guarantee is invoked.
In addition, a service upset form is completed describing the
incident. Either the employee or the customer can complete
the form, but both must sign it to invoke the guarantee. The
service upset form is then sent to a central location for track-
ing. Monthly, managers receive summary reports about the
guarantee infractions in their area but the reports do not
identify specific individuals who might be at fault. MCTF
receives a summary of this report by the branch bank.
Sarah Coleman was the only member of the MCTF who
had doubts about the success of the service guarantee program,
but she was not about to push too hard—her job depended on
the success of the program. Everyone else on the task force
had jumped on the marketing bandwagon and hyped up the
program as a solid success, even the president and CEO, Mr.
Del Car. Privately, Sarah had many questions about this service
guarantee initiative but all the banks were doing them.

Case Questions for Discussion:
1. What are the objectives of the service guarantee
program?
2. Is a total payout of $860 over 10 months for
300 branches good or bad?

3. Are the bank’ services and processes truly rede-
signed to meet the service guarantee promises?

4. Ts GCBss service guarantee program well-designed
and executed?

5. What are your final recommendations?

associations also certify TAS mechanical and technical per-
sonnel, and their certificates are displayed in the customer
waiting room. All technical work is guaranteed for 90 days.
Employees are carefully interviewed for employment, and
background checks are done on technical skills and criminal
history. Video on-the-job-training is required of all new hires.
All employees are trained to operate the store cash register
and payment software. Store managers are responsible for
the overall store operations and the customer waiting lounge.
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The customer waiting area is larger and more com-
fortable at Tom's Auto Service than at most of their
competitors.

Many other peripheral goods and services define TAS’s
customer benefit package. For example, the customer wait-
ing rooms include several blends of fresh coffee and tea,
sodas, current magazines, Wi-Fi, and a high-definition tele-
vision. Customers receive vehicle maintenance brochures
and discount coupons for their next visit. TAS also offers
other services, such as cleaning the vehicle’s windows out-
side and inside, vacuuming carpets, reviewing service his-
tory with the customer, and explaining the technical aspects
of vehicle service if the customer asks or if a potential safety
or mechanical problem is discovered.

The facility layout consists of four service bays, with a
pit below three of the bays for draining and changing oil
and lubricants. All necessary tools and equipment are pro-
vided for each bay. The customer waiting area is carpeted
and larger than those of competitors, with comfortable sofas
and chairs. A large window in the waiting area allows custom-
ers to see their vehicles being serviced in any of the bays.
Employees are professionally dressed in clean blue uniforms,
paid for by TAS, with their first names embroidered on

them. To maintain a professional appearance, employees are
required to wash their arms and hands after each service job.

A vehicle checklist is used to ensure completeness of the
work and as a means of quality control. The standard time to
complete a routine job is 18 minutes in the bay area, plus nine
minutes for customer check-in and checkout. Other work,
such as changing tires, takes longer. Store managers and assis-
tant managers are trained and empowered to approve free
service if the customer is dissatisfied for any reason.

TAS surveys customers regularly as a way of
understanding customer satisfaction. Results from 206
customer surveys are summarized in Exhibit 5.19. Samples
of good and bad written customer comments are shown in
Exhibit 5.20. These results are over the past three months
for nine randomly selected stores. Store managers never
know when their store may be in the corporate survey
results. The corporate vice presidents of marketing,
human resource management, and operations were asked
to analyze these data to determine what actions might be
necessary to reward or improve performance.

The VP of operations, David Margate, decided to analyze
this information. A final report to the CEO was due in two
weeks. To assist Mr. Margate, answer the following questions.

Case Questions for Discussion:

1. Define and draw the customer benefit package,
and state TAS’s mission, strategy, and rank order of
competitive priorities.

2. Identify and briefly describe the eight “design”
features, described in Sections 5.4 and 5.5, of the
(a) service-delivery system and (b) service
encounters.

3. Identify and briefly describe five processes TAS
stores use and their relative importance.

4. Given your analysis of the survey data, what opportu-
nities for improvement, if any, do you recommend?

5. Summarize your final recommendations to the CEO.

EXHIBIT 5.19  TAS Customer Quarterly Example Survey Results (» = 206)

Average Scoreon 1

Survey Questions

Store Managers

(worst) to 5 (best) Scale

1. Store managers monitor my vehicle’s maintenance and repair very well. 4.36

2. Store managers understand my individual wants and needs. 3.87

3. Store managers always go over the vehicle check sheet with me prior to paying the bill. 440
Standards of Performance

4. Cleaning the vehicle windows and vacuuming are extra services that | like. 4.66

5. Knowing the vehicle history makes me feel secure that | am doing the right thing in terms of vehicle maintenance 443

and repair.

(Continued)
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Average Scoreon 1

Survey Questions (worst) to 5 (best) Scale
6. My vehicle was fixed correctly (i.e., technically competent). 413
7. Standards of performance at TAS are clearly visible inside the store, such as employee certifications and good 4.54
equipment.
8. Standards of performance at TAS are clearly advertised in the media and help me understand what to expect dur- 4.20

ing vehicle service.

Employees

9. TAS employees are really good at what they do. 3.80
10.  Service personnel are polite, friendly, and clearly explain technical details if | ask. 4.01
1. When problems come up, the mechanics are always helpful in correcting and explaining the issue/problem. 3.88
Facility
12.  The facility is clean and well maintained. 4.84
13.  The customer waiting area is really nice and why | come here. 4.79

Overall Experience

14.  The total time | spent in TAS was as expected. 459
15. My service experience during each repeat visit is of consistent high quality and meets my expectations. 394
16.  TAS is clearly better than competitors. 445

EXHIBIT 5.20 Five Good and Five Bad Sample TAS Customer Written Comments

1. lcome to TAS because of the outstanding vehicle technical knowledge and skills of the employees.
Believe it or not, | really like the coffee and enjoy reading the magazines in the waiting area.

The mechanics are very careful and conscientious when working on my car.

&= W

When | complained that there were streaks on my windows, they redid my windows and gave me a discount coupon for my next visit—real nice
people.

Very fast and convenient service—I'll be back.

Store managers are super but the mechanics don't like to talk to us customers.
| won't come back; a mechanic kept staring at me!

| felt pressured to buy the air and fuel filters but they looked clean to me.

All the mechanics seem hurried while | was there.

S © ® N o w

The mechanic got grease on my fender and when | ask him to please clean it off, he shrugged and wiped it off with a cleaner.

Integrative Case: Hudson Jewelers

he Hudson Jewelers case study found in MindTap inte- a new private room; and (c) use option (b), buy a
grates material found in each chapter of this book. second CAD system, and build another private
room. Data are provided in the case study.
Case Questions for Discussion: 2. Define (a) the servicescape for Hudson Jewelers

| Tt [l Pt ot ihglhos feelbsr using the three dimensions as subheadings, and

b) the nature of Hudson Jewelers’ service encounters.
designs from the CAD system on a screen in the (b) I

front of the store. However, customers have little 3. Propose a “service guarantee” for Hudson Jewel-
privacy when designing jewelry there. What are ers. What exactly will you guarantee? Should it be
the economic and non-economic advantages and explicit in writing, or simply an implicit, nonwritten
disadvantages of the following options: (a) keep guarantee? Or is it better not to do it at all? Explain
the current layout; (b) move the CAD system into and justify your logic.
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0 ‘ Supply Chain Design

LEARNING OBJECTIVES

After studying this chapter,
you should be able to:

@ Explain the concept of
a global supply chain,

describe the key design
decisions and explain
the impact of block-
chain technology on
global supply chains.

@ Describe the key

trade-offs that man-
agers must consider
in designing supply
chains, and how to
evaluate outsourc-
ing and offshoring
decisions.

@ Describe how Inditex/
Zara designs and oper-
ates its supply chain.

@ Explain the types of
decisions required and

criteria used to locate
facilities in supply
chains, and be able
to apply the center of
gravity method.

@ Explain how the trans-
portation model can be

used to help optimize
costs in supply chains.

Many of you have probably shopped at apparel stores
such as the Gap, Old Navy, or Banana Republic. Apparel
supply chains typically begin at farms that grow raw
materials such as cotton. Textile mills then weave the
raw materials into fabrics for making T-shirts, jeans,
and other clothing items. Factories then cut and sew the
fabrics into finished goods, which are then transported
to retail stores for sale to consumers. For clothing manu-
facturers, which rely greatly on manual labor, the supply
chain has significant implications for social responsibil-
ity and sustainability.

The Gap is one company that takes this seriously.
As they note: “Gap Inc. seeks to ensure that the people

140  PART TWO: Designing Operations and Supply Chains

For the Gap and other clothing manufacturers, the supply chain has significant implications for social
responsibility and sustainability.

working at various points along the supply chain are
treated with fairness, dignity, and respect—an aspira-
tion that is born out of the belief that each life is of equal
value, whether the person is sitting behind a sewing
machine at a factory that produces clothes for Gap Inc.,
working at one of our stores, or wearing a pair of our
jeans. We know that our efforts to improve the lives of
people who work on behalf of our company help us run a
more successful business. People who work a reasonable
number of hours in a safe and healthy environment not
only have a better quality of life, but they also tend to

be more productive and deliver higher-quality products
than those who work in poor conditions.”
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WHAT DO YOU THINK?

What percentage of the clothes in your closet do you think are produced in other countries? What do you think the
structures of the manufacturers’ supply chains look like? Do clothing firms have a responsibility to improve work

conditions and sustainability practices wherever they do business?

We introduced the concept of a supply chain in

Chapter 1, noting that a supply chain is a key subsystem
of a value chain that focuses primarily on the physical
movement of goods and materials along with supporting
information through the supply, production, and distri-
bution processes. Organizations face numerous deci-
sions in designing their supply chains. These decisions
include the number, type, and location of manufacturing
plants, distribution centers, retail stores, and customer
service or technical support centers; the selection of
suppliers; ways of managing information flow through-
out the supply chain; and the integration of all the pieces
into an effective, efficient system. The location of fac-
tories, distribution centers, and service facilities estab-
lishes the infrastructure for the supply chain and has a
major impact on profitability.

Poor supply chain design can undermine the strat-
egy of the firm and can easily result in lower revenue,
market share, and profits. As a firm's product lines and
markets change or expand, the design or redesign of

The location of
factories, distribution
centers, and service
facilities establishes
the infrastructure for
the supply chain and
has a major impact on
profitability.
supply chains becomes even more a critical issue. In
addition, as companies merge and consolidate, they
face many challenges and must reevaluate their supply

chains and locations of facilities.

In this chapter, we focus on the design of the supply
chain that sets the infrastructure for day-to-day operating
decisions. In Chapter 12, we will focus on managing such
tasks as sourcing and purchasing, supplier relationships,
logistics and transportation, managing inventory, dealing
with risk, and cost analysis in supply chains.

61 Global Supply Chains

Although not every organization operates in the global business environment, mod-
ern technology and distribution have made it feasible and attractive for both large
and small companies to develop supply chains that span international boundaries.
A multinational enterprise is an organization that sources, markets, and produces its goods and
services in several countries to minimize costs, and to maximize profit, customer satisfaction, and social
welfare. Examples of multinational enterprises include British Petroleum, General Electric,
United Parcel Service, Siemens, Procter & Gamble, Toyota, and the International Red
Cross. Their value chains provide the capability to source, market, create, and deliver their
goods and services to customers worldwide.

Multinational enterprises operate complex supply chains that challenge operations man-
agers. In today’s global business environment, good supply chain design can lead to major
reductions in total supply chain costs and improvements in customer response time.

6-1a Decisions in Supply Chain Design

Operations managers make numerous decisions in designing global supply chains. Some of
the major decisions, which are not inclusive of all the issues and decisions that global supply
chain executives face, are summarized in Exhibit 6.1. Many of these decisions are strategic
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Johnson & Johnson Redesigns its Supply and Value Chain

J&J recognized they needed to redesign their value and supply chains in 2014. The changes took
three years to design and implement. Changes included globalizing formulations and packaging
to increase efficiencies and not leaving those decisions to individual markets. They also decreased
the number of raw material suppliers by one-third and standardized formulations to make it easier
to source ingredients. They improved the manufacturing processes to provide more flexibility in
batch sizes, and consolidated packaging suppliers. Overall, the number of manufacturing plants
was reduced from 27 to 13; packaging suppliers from 50 to 6; and chemical suppliers from 74 to 13.
Water needed for cleaning was reduced by 20 percent. As a result, the supply chain now has much
more agility and lower costs, and it has allowed J&J to more easily roll out the new products to
China and other countries globally.

and should support an organization’s strategy, mission, and competitive priorities. Others, such
as selecting transportation modes and measuring performance, are tactical and influence how
supply chains are managed on a day-to-day basis; these issues are addressed in Chapter 13.
We will briefly discuss each of these.

Strategy—Supply chains should support an organization’s strategy, mission, and
competitive priorities. In Chapter 3, we provided an overall framework for develop-

ing corporate, marketing, and operations strategy and subsequent design decisions.
Executives, for example, might choose a supply chain that is highly efficient versus one
that is more flexible for its particular industry and market. Different types of supply
chains may better fit the slower growth of industrialized countries or the more rapid
growth of emerging economies. Can suppliers and customers trust our supply chains on
issues like product quality and shipment data?

Control—A second supply chain design decision is centralization versus decen-
tralization. The operational structure of a supply chain is the configuration of
resources, such as suppliers, factories, warehouses, distributors, technical support
centers, engineering design and sales offices, and communication links. Different
management skills are required for different operational structures. For example,
Walmart’s global supply chain, though very large, is focused on purchasing and
distribution and is controlled from a centralized location in Bentonville, Arkansas.
In contrast, General Electric’s supply chain, which encompasses such diverse busi-
nesses as medical imaging, jet engines, and electrical power generation, are all quite
different. Each business is a profit center with its own unique market and operating
conditions. Consequently, the operational structure is decentralized globally.

Location—The location of facilities in a supply chain has a significant impact on
cost, customer service, and data reliability. Later in this chapter, we will discuss
how to evaluate location decisions and present some simple approaches and quanti-
tative models that aid in these decisions.

Sustainability—Sustainability is a key issue in supply chains, and we often hear about
this in the media (often quite negatively). We introduced the basic ideas of sustainabil-
ity in Chapter 1. Sustainability issues, concepts, and methods are highlighted through-
out this book. Upwards of 60 to 70 percent of a company’s carbon footprint is found
along their supply chains.
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EXHIBIT 6.1 Eleven Example Supply Chain Design Decisions

1. Strategy. What competitive priorities should we emphasize? How do we build a sustainable supply change
that suppliers and customers can trust? What is our supply chain strategy to meet the slower growth of indus-
trialized countries and more rapid growth of emerging economies while considering cultural differences?

2. Control. Do we centralize or decentralized control of the supply chain? How do we secure supplier and
customer payments along our supply chains? Who has access to the transaction data along the supply
chain?

3. Location. Where do we locate facilities such as research and development offices, call centers, and
warehouse and distribution centers in the supply chain to provide efficiencies and improve customer value?

4. Sustainability. How do we champion economic, environmental, and social sustainability goals and practices
in global supply chains?

5. Technology. Do we share our technology and intellectual property with suppliers and partners in other coun-
tries? If so, how do we protect intellectual property, patents, and rights?

6. Digital content. How do we build and integrate digital content and e-commerce capabilities into goods
and services and our supply chains? Are our collaborative tools and work with global customers and vendors
secure?

7. Sourcing. From whom do we purchase raw materials, parts, and subassemblies? How do we track returns and
recalls?

8. Logistics and transportation. \What transportation modes (i.e., ship, air, rail, or truck) should we use to
maximize service and minimize costs? How do we ensure the shipment arrived at its correct destination?
What custom documents are missing while our shipment is held up at the seaport?

9. Outsourcing. What supply chain activities do we keep in-house or outsource to suppliers (either domestically
or abroad)? Do we outsource to contract manufacturers or use third-party logistics providers? Should we out-
source to a single supplier?

10. Managing risk. How do we address supply chain risks and disruptions? Was the payment misrouted?
Who has our money? Is the shipment damaged? Did it arrive? Who owns the shipment now? What is our risk
mitigation plan?

11. Measuring performance. \What performance metrics to use in managing our supply chains? Are our supply
chain’s digital records and information flows secure? Are our supplier's digital records trustworthy? Does our
supplier's income statement and balance sheet match throughout the world?

Technology—Dealing with intellectual property is an important issue for
multinational enterprises. Technology often provides a competitive edge, and licensing
it to firms in other countries can lead to risks. Protecting and honoring patents from
other countries is also a constant topic in global trade negotiations. And, as noted in
Chapter 1, patents do not protect services.

Digital content—Digital content in goods and services is becoming increasingly
important. A product such as a car, appliance, jet engine, or

cell phone is a bundle of physical goods and services that is
often enhanced with other services by means of the “Internet of
Things.”

Sourcing—Selecting suppliers from whom to purchase is a key

A single supplier often
provides economies of

design decision that also ties closely with the location decision. scale and the ability to
A key sourcing decision is whether to use a single source or form close partnerships;
multiple sources. A single supplier often provides economies however, multiple sup-

of scale and the ability to form close partnerships; however,
multiple suppliers lower the risk of a supply disruption.

Logistics and Transportation—Transportation is more
complex in global supply chains. Global shipments often require
multiple modes of transportation, such as water shipping, air, rail,
and truck. The transportation infrastructure may vary considerably in foreign countries.
The coast of China, for example, enjoys much better transportation, distribution, and
retail infrastructures than the interior of the country.
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Managing Risks—In Chapter 13, we discuss risk management of the supply chain.
These risks are both strategic and tactical and require every company to develop a risk
mitigation strategy and plan.

Measuring performance—Almost every chapter contains concepts and methods for
measuring performance at all levels of the organization. We focus on measuring supply
chain performance in Chapters 2 and 13.

6-1b Blockchain Technology and Supply Chains

You have undoubtedly heard of bitcoin, the digital cryptocurrency. The technology underly-
ing bitcoin is blockchain, a distributed database network that holds records of digital data
and events in a way that makes them tamper-resistant. A blockchain records every transac-
tion, which are distributed over multiple computers, making the transactions transparent and
secure. One advantage of such a distributed system is no single individual or organization has
total control. Today, IBM has developed blockchain open source code with over one thousand
active users. Microsoft has over 5,000 blockchains on its servers.

Blockchain technology is in its infancy but it is already changing the efficiency and com-
petitive priorities of supply chains. The goals of a blockchain-enriched supply chain are to
be intelligent, collaborative, transparent, and secure while maximizing customer service at
minimum costs. Organizations such as Nasdaq, IBM, Nike, British Airways, UPS, Citi, and
Apple are experimenting with this new technology and potential supply chain enabler. As
a good and/or service moves along the supply chain, the transactions are updated with full
traceability back to the source. For example, De Beers uses blockchain technology to track
diamonds from the point they are mined to when they are sold to consumers. This ensures
that the company avoids “conflict” or “blood diamonds” and assures the consumers that they
are buying the genuine article.?

The adoption of blockchain technology in supply chains impacts most of supply chain
decisions we listed in Exhibit 6.1. Consider, for example, the degree of control. Full disclosure
and accountability among value chain participants are no longer dependent on a single sup-
plier, customer, or organization. The shared ledger of transactions is updated in real time for
all to see immediately. The ledger documents the creation, movement, and arrival of assets.

Food Safety in Walmart's Supply Chain Using Blockchain

Walmart serves 260 million customers a week. One part of its blockchain testing project co-developed
with IBM is handling recalls of food. Today, when one or more of Walmarts customers become

ill due to contaminated food, it takes days, sometimes weeks, to identify the product, supplier,
shipper, and where the food is located throughout Walmart's many supply chains.

Two products are being tested using blockchain. One is a USA-sourced packaged product, and
the other is pork from China. If there’s an issue with tainted food using blockchain it would take
Walmart minutes or hours to track the supplier(s), shippers, warehouses, and retail stores involved.
The vice president of food safety at Benton, Arkansas-based Walmart, Frank Yiannas, said, “With
blockchain we believe that enhanced traceability is good. If the tests are successful, Walmart will
expand them to multiple food items in both countries."*
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The asset could be a manufactured part or a million dollar electronic payment. The transac-
tion might be a purchase order, a payment for goods or services, a custom’s inspection, or a
shipping invoice. The distributed system is transparent, and therefore, builds trust. The goal
is to achieve supply chain consensus around one dominate version of the truth recorded by
blockchain technology.

Blockchain technology can also support decisions regarding sustainability and risk. Any-
one along the supply chain can answer questions such as, “Was that shipment of lettuce truly
grown organically?,” How long did that container of lettuce sit on the loading dock?,” and
“What farm was the source of the E. coli contaminated lettuce?” See the accompanying box
on Walmart.

Digital content, as noted in Exhibit 6.1, drives supply chain performance. Blockchain
technology can support the Internet of Things. Electric utilities are examining blockchain to
connect heat pumps, electric meters, and electric grid transformers. This supply chain data
would be stored in a blockchain system to be analyzed by advanced analytics methods. Once
area energy usage and patterns are evaluated, the information could be coupled with energy
management and trading systems to maximize electrical grid efficiencies and keep costs low.

The logistics and transportation functions in a supply chain would be enabled by block-
chain technology. For example, Kouvola Innovation, based in Finland, is helping firms outfit
shipping containers with electronic devices that send out signals about the container’s loca-
tion, ambient temperature inside the container, and how much the container vibrates as it
travels. This real time data flows to the cloud and a blockchain where everyone has access
to the information. All supply chain players know the situation of the cargo at any time. This
enhanced communication prevents thousands of duplicate e-mails and telephone calls about
the status of the shipment. No one firm and its internal database controls the information.

While blockchain technology holds great promise for use in supply chains, one question
that blockchain can’t answer is whether the people and software using the data are trust-
worthy. Blockchain merely allows all players in the supply chain to see the same data in real
time, even if it is inaccurate or fraudulent. Thus, organizations need to carefully evaluate its
benefits and challenges.

62 Supply Chain Design Trade-0ffs

Executives have many trade-offs to consider when designing a supply chain. We see many
examples of different supply chain design structures in a variety of industries. For exam-
ple, most major airlines and trucking firms such as United Airlines and UPS operate “hub-
and-spoke” systems; some firms such as Apple and Nike depend on contract manufacturers to
manufacture almost 100 percent of their physical goods; while others like Harley Davidson and
Allen-Edmonds Shoe Corporation produce almost 100 percent of their manufactured goods
in company-owned factories. Here, we discuss some key design trade-offs in supply chains.

6-2a Efficient and Responsive Supply Chains

Supply chains can be designed from two strategic-perspectives—providing high efficiency
and low cost, or providing agile response. Efficient supply chains are designed for efficiency and
low cost by minimizing inventory and maximizing efficiencies in process flow. A focus on efficiency works
best for goods and services with highly predictable demand, stable product lines with long life
cycles that do not change frequently, and low contribution margins. In designing an efficient
supply chain, for example, an organization would seek to balance capacity and demand, result-
ing in low levels of inventory; might use only a few, large distribution centers (as opposed to
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small ones) to generate economies of scale; and use optimization models that minimize costs
of routing products from factory through distribution centers to retail stores and customers.
Examples of companies that run efficient supply chains are Procter & Gamble and Walmart.

On the other hand, responsive supply chains focus on flexibility and responsive service and are
able to react quickly to changing market demand and requirements. A focus on flexibility and response
is best when demand is unpredictable; product life cycles are short and change often because
of product innovations; fast response is the main competitive priority; customers require
customization; and contribution margins are high. Responsive supply chains have the ability
to quickly respond to market changes and conditions faster than traditional supply chains; are
supported by information technology that provides real-time, accurate information to man-
agers across the supply chain; and use information to identify market changes and redirect
resources to address these changes. Companies such as Apple and Nordstrom are examples
of companies having responsive supply chains.

6-2b Push and Pull Systems

Two ways to configure and run a supply chain are as a push system or a pull system. A supply
chain can be viewed from “left to right”—that is, materials, information, and goods are moved
or pushed downstream from supplier to customer. A push system produces goods in advance of
customer demand using a forecast of sales and moves them through the supply chain to points of sale, where
they are stored as finished-goods inventory. Examples of push systems are “big-box” retailers such
as Best Buy and department stores such as Macy’s. A push system has several advantages,
such as immediate availability of goods to customers and the ability to reduce transportation
costs by using full-truckload shipments to move goods to distribution centers. However, some
disadvantages exist. Forecasting can be difficult when customer demand changes quickly,
which either can result in higher costs from excessive stock or out-of-stock conditions. Push
systems work best when sales patterns are consistent and when there are few distribution
centers and products.

In contrast, viewing the supply chain from “right to left” and transferring demand to
upstream processes is sometimes referred to as a demand chain or pull system. A pull system
produces only what is needed at upstream stages in the supply chain in response to customer demand signals
from downstream stages. Physical goods are “pulled” by customer demand through each stage
of the supply chain. That is, ideally, if we sell one unit, we make one unit; if we sell ten units,
we make ten units; and so on. This minimizes inventory and production costs. Pull systems
generally reduce the chances of having excessive inventory, but can result in shortages if cus-
tomer demand suddenly increases or if schedules are missed. Pull systems are more effective
when there are many production facilities, many points of distribution, and many products.

Dell, for example, introduced the idea of a make-to-order supply chain design to the com-
puter industry and has long been recognized for outstanding practices in this area. Dell pulls
component parts into its factories based on actual customer orders and carries no finished
goods inventory, relying on information technology to drive its supply chain. This also provides
the customer with the newest technology rather than a finished computer that has been sitting
in a warehouse for months. Suppliers’ component part delivery schedules must match Dell’s
factory assembly schedules, which in turn must be integrated with shipping schedules. Each
factory worldwide is rescheduled every two hours, and at the same time updates are sent to
all third-party suppliers and logistics providers.

Other examples of pull systems are airplane manufacturers such as Boeing, and manu-
facturers of custom machine tools. Pull systems are becoming easier to manage because of
better information technology such as cloud computing. Having up-to-date data on sales,
manufacturing, shipments en route, and so on can help to eliminate inventories and move
toward more effective pull system configurations.
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EXHIBIT 6.2  Supply Chain Push—Pull Systems and Boundaries

Dell Inc.

Suppliers > Factory > Customer

f————

Pull

Inventory held
at suppliers

General Motors

Suppliers > Factory > Dealer > Customer

——

Push Pull

Inventory held
as finished
goods

Many supply chains are combinations of push and pull systems. This can be seen in
the simplified version of several supply chains in Exhibit 6.2. The point in the supply chain that
separates the push system from the pull system is called the push-pull boundary. For a company
like Dell, the push—pull boundary is very early in the supply chain, where suppliers store
inventory for frequent deliveries to Dell factories. Dell also ships directly to the customer,
skipping the distributors and retailers. General Motors stores finished goods closer to the
customer, at dealers. General Motors pushes finished goods from its factories to the dealer.
Dealers might install various options to customize the automobile for the customer. Cus-
tomers pull the finished goods from the dealer. Thus, the push—pull boundary for General
Motors is at the dealers.

The location of the push—pull boundary can affect a supply chain’s responsivity. Many
firms try to push as much of the finished product as possible close to the customer to speed
up response and reduce work-in-process inventory requirements. Postponement is the process
of delaying product customization until the product is closer to the customer at the end of the supply chain.
An example is a manufacturer of refrigerators that have different door styles and colors. A
postponement strategy would be to manufacture the refrigerator without the door and main-
tain inventories of doors at the distribution centers. When orders arrive, the doors can be
quickly attached to the left or right side of the refrigerator and the unit can be shipped. This
postponement approach allows customers to buy exactly what they need while manufacturers
reduce their inventory and installation costs.

Although supply chains can have a profoundly positive effect on business performance,
supply chain initiatives do not always work out as one would hope. Nike, for example, spent
about $500 million on developing a global supply chain over the last couple of decades, and
only now is it beginning to reap the benefits of this long, costly supply chain design and
improvement initiative.

6-2c Vertical Integration and OQutsourcing

One of the most important strategic decisions a firm can make about its supply chain
is whether to vertically integrate or outsource key business processes and functions.
Vertical integration refers to the process of acquiring and consolidating elements of a value chain
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to achieve more control. Some firms might consolidate all processes for a specific product or
product line in a single facility; for example, Henry Ford’s early factories did everything
from steelmaking to final assembly. Although such a strategy provides more control, it
adds more complexity to managing the supply chain. In contrast, today’s automobile
production is characterized by a complex network of suppliers. Decentralizing supply
chain activities lessens the control that a firm has over cost, quality, and other important
business metrics, and often leads to higher levels of risk. In the Inditex/Zara example in
Section 6.3, we will see that the company uses a high degree of vertical integration to
control many of the major stages of its supply chain.

Companies must decide whether to integrate backward (acquiring suppliers) or forward
(acquiring distributors), or both. Backward integration refers to acquiring capabilities toward
suppliers, whereas forward integration refers to acquiring capabilities toward distribution, or even
customers. Large companies such as Motorola, Siemens, and Sony have the resources to build
facilities in foreign countries and develop a high level of vertical integration. Their objective
is to own or control most, if not all, of the supply chain. Many large chemical manufacturers,
for example, such as DuPont, British Petroleum, Haimen Jiangbin, and GFS Chemicals, are
buying raw material suppliers and integrating backward. At the same time, chemical compa-
nies in industrial countries are acquiring smaller and more profitable specialty manufacturers
of chemicals and advanced materials, a form of forward integration. Recently, Delta Air Lines
purchased a $150 million refinery in an effort to reduce its expenses for jet fuel—the largest
expense for an airline, and also the most difficult to forecast and manage.

Outsourcing is the process of having suppliers provide goods and services that were previously
provided internally. Outsourcing is the opposite of vertical integration in the sense that the
organization is shedding (not acquiring) a part of its organization. The organization that out-
sources does not have ownership of the outsourced process or function. Some large U.S. banks
and airlines, for example, have outsourced their telephone call service centers to third-party
suppliers within or outside the United States.

The United States has experienced three waves of outsourcing:

The first wave, several decades ago, involved the exodus of goods-producing jobs
from the United States in many industries. Companies relied on foreign factories for
the production of computer components, electronics, and many other goods. Gibson
Guitars, for example, produces its Epiphone line in Korea.

The second wave involved simple service work such as standard credit card processing,
billing, keying information into computers, and writing simple software programs.
Accenture, for example, has information technology and bookkeeping operations in
Costa Rica.

The third and current wave involves skilled knowledge work such as engineering
design, graphic artists, architectural plans, call center customer service representatives,
and computer chip design. For example, Fluor Corporation of Aliso Viejo, California,
uses engineers and draftspeople in the Philippines, Poland, and India to develop
detailed blueprints and specs for industrial construction and improvement projects.”

Many supply chains use contract manufacturing for their outsourcing strategy.
A contract manufacturer is a firm that specializes in certain types of goods-producing activities,
such as customized design, manufacturing, assembly, and packaging, and works under contract for end
users. Outsourcing to contract manufacturers can offer significant competitive advantages
such as access to advanced manufacturing technologies, faster product time-to-market,
customization of goods in regional markets, and lower total costs resulting from econo-
mies of scale. The main disadvantage of using a contract manufacturer is that the client
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Greatwide Logistics Services—A 3PL Provider

Greatwide Logistics Services, which was formed by consolidating nine regional 3PLs in

the United States, works with six of the top 10 grocery retailers and wholesalers in the
United States, as well as such customers as Walmart, Tyson, and Nordstrom. It uses business
analytics to forecast demand and build models to leverage the capacity of its nationally
centralized system, which uses satellites to track the locations of 5,000 truck tractors and

over 10,000 trailers. By combining different customer needs and schedules, shipments can ; \
piggyback on another customer’s shipment or use trucks on the return leg of a regular run. <] N
This leads to higher efficiency and cost savings for all customers. As one example, efficient !L il i

routing and coordination of vendor delivery dates have led to a 21 percent reduction in _
transportation costs for one private-label spice manufacturer.® l

T
1
Biz Idea Production/Shutterstock.com

firm gives up control and its technology to the contract manufacturer. We will discuss
break-even analysis for outsourcing decisions in the next section. Finally, the degree of
vertical integration forward or backward in the supply chain is an important decision for
executives of the firm.

Many firms also use third-party logistics (3PL) providers—businesses that provide
integrated services that might include packaging, warehousing, inventory management, and trans-
portation. 3PLs can leverage business intelligence and analytics to create efficiencies
and economies of scale in the supply chain (see the box on Greatwide Logistics Ser-
vices). Zappos is a good example of using 3PLs for customer deliveries, returns, and
some inbound shipping from Asian factories. Toshiba used to have repair locations
across the country, whereas UPS warehoused its parts. UPS suggested that Toshiba
move its repair technicians into UPS facilities, which resulted in a 24-hour turn-
around for computer repairs. It also saved transportation costs, lowered inventories,
and reduced the carbon footprint. 3PLs provide many services that help integrate and
coordinate different parts of a supply chain.”

6-2d The Economics of Qutsourcing Decisions

Outsourcing decisions are often based on economics—is it less expensive to manufacture
a product or perform a service in-house or to outsource the work to an external supplier?
If a company decides to do the work in-house, it typically incurs fixed costs associated with
equipment, setting up a production line, or training, as well as a variable cost per unit. Fixed
costs do not vary with volume and often include costs of a building, buying or leasing equip-
ment, and administrative costs. Variable costs are a function of the quantity produced and
might include labor, transportation, and materials costs. However, the variable cost per unit
will normally be more if the work is outsourced to an external supplier. This decision can be
made using break-even analysis (see Supplement C Break-Even Analysis) by comparing the
costs for a given production quantity, or finding the break-even point. Solved Problem 6.1
illustrates how break-even analysis can be used to address this.
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SOLVED PROBLEM 6.1: USING BREAK-EVEN ANALYSIS FOR OUTSOURCING

DECISIONS

A firm is evaluating the alternative of manufacturing a part
that is currently being outsourced from a supplier. For in-house
manufacturing, the annual fixed cost is $45,000 and the unit
cost per part is $130. Currently, the unit cost of purchasing

the part from the supplier is $160. The demand forecast is
1,200 units.

a. Compute the costs of manufacturing in-house and outsourc-
ing. What decision should the firm make?

b. Determine the break-even quantity for which the firm would
be indifferent between manufacturing the part in-house or
outsourcing it. Explain the decision rule based on the break-
even quantity.

¢. What is the maximum price per part the manufacturer should
be willing to pay to the supplier if the forecast is 800 parts?

Solution:

a. Define FCl as the fixed cost of in-house manufacturing,
Cl as the unit cost of manufacturing in-house, FCO the fixed
cost of outsourcing, and CO the unit cost of outsourcing.
Then FCl = $45,000, Cl = $130, and CO = $160. Note that
there is no fixed cost associated with outsourcing. Using
formulas (C.5)-(C.7) in Supplement C, we have

Total cost in-house (TCI)
= Fixed cost in-house (FCI) + Unit cost in-house (Cl)
X Quantity (Q)
= $45,000 + $130 X 1200
= $201,000

b. Using formula (C.8) in Supplement C, the break-even

quantity (Q*) is

FCO-FCI
Cl—-cCo

_ 0-%45,000

~$130 — $160

Q* —
= 1,500 parts

Whenever the anticipated quantity needed is greater than
1,500, the firm should produce the part in-house; otherwise,
it should outsource. Because the demand is 1,200, the best
decision is to outsource.

¢.To find the maximum price per part the manufacturer should
be willing to pay to the supplier if the forecast is 800 parts, we
can use the break-even formula (C.8):

Q* = [FCO — FCI)/[CI — CO]
Q* X (Cl — CO) = FCO — FCl
800 X ($130 — CO) = $0 — $45,000
$104,000 — 800 X CO = —5$45,000
—800 X CO = —$149,000
CO =$186.25
We may also use the Excel Goal Seek tool in the Break-Even

template as described in Supplement C. The result is shown in
Exhibit 6.4.

EXHIBIT 6.3 Break-Even Template Results

Total cost to outsourcing (TCO)
= Fixed cost outsourcing (FCO) + Unit cost
outsourcing (CO) X Quantity (Q)
= %0 + $160x 1200
= $168,000
Cost difference (D) = Total cost in-house (TCI) — Total
cost outsourcing (TCO)

= $201,000 — $168,000
= $33,000

That is, manufacturing in-house costs $33,000 more
than outsourcing. Therefore, the firm should out-
source the part.

We may also use the Break-Even Excel template in
MindTap. As shown in Exhibit 6.3, it is more economi-
cal to outsource.

_ D E
4 |Qutsourcing Decision
5; | Quantity 1,200
E =
7 |Produce In-House
8 Fixed cost|  545,000.00]
9 Unit cost 5130.00
10
11 Qutsource
12 Fixed cost
13 Unit cost 5140.00|
14
15 Total In-House Production Cost| 5201,000.00
16 Total Outsourced Cost| $168,000.00
17 (Cost difference (In-House - Outsourced) $33,000.00
18 Economical Decision Qutsource|
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EXHIBIT 6.4 Results From Using the Goal Seek Tool

_ D E
4 |Outsourcing Decision
5 | Quantity 800
6 i
7 |Produce In-House
8 Fixed cost 545,000.00
5 Unit cost 5130.00
10
11 |Qutsource
12 Fixed cost
13 Unit cost 5186.25
14
15 Total In-House Production Cost| 5149,000.00
16 Total Qutsourced Cost| $149,000.00
17 Cost difference (In-House - Outsourced) 50.00
18 Economical Decision Break-even

6-2¢ Offshoring and Reshoring

Offshoring is the building, acquiring, or moving of process capabilities from a domestic location to another
country location while maintaining ownership and control. Offshoring differs from outsourcing in that
the firm maintains ownership of the facility in another country.

Offshoring decisions involve determining what value creation, support, and/or general
management processes should move to other countries. For example, a company might move
a soda-bottling factory from the United States to India. The company benefits from lower
wages, avoiding country trade tariffs, and access to local markets and customers. Recently,
we have seen a number of foreign firms offshore and build factories in the United States.
For example, the British company Rolls-Royce makes jet engine parts in the United States
for assembly in Europe and Asia, taking advantage of lower energy costs and a more stable
economic environment; Mercedes, BMW, Lexus, and others produce vehicles in the United
States, Mexico, and Canada to be closer to customers.

Some global trade experts recommend keeping some primary processes or key parts
of a manufacturing process out of foreign lands to protect the firm’s core competencies.
We can pose four possible scenarios. In the first scenario, all key processes remain in the
home country, even though the firm sells its products overseas. An example would be
Harley-Davidson. The second scenario represents a low degree of offshoring in which
some noncritical support processes are moved overseas. Examples would be Microsoft
and American Express.

A third scenario is for a company to offshore many of its primary as well as support
processes while keeping its management processes consolidated at the corporate headquar-
ters as Coca-Cola and FedEx do. Finally, truly global multinational firms such as Procter &
Gamble, General Electric, and Honda locate all of their key processes across the globe
for more effective coordination and local management. The global alignments, of course,
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Allen-Edmonds Shoe Corporation: Not Everyone Offshores

At a time when more than 98 percent of all shoes sold in the United States
are made in other countries, Allen-Edmonds Shoe Corp. is a lonely holdout
against offshoring. Moving to China could have saved the company as much
as 60 percent. However, John Stollenwerk, chief executive, will not compro-
mise on quality and believes that Allen-Edmonds can make better shoes and
serve customers faster in the United States. An experiment in producing one
model in Portugal resulted in lining that wasn't quite right and stitching that
wasn't as fine. Stollenwerk noted “We could take out a few stitches and you'd
never notice it—and then we could take out a few more. Pretty soon you've
cheapened the product, and you don't stand for what you're about."”® Instead,
Allen-Edmonds invested more than $1 million to completely overhaul its
manufacturing process into a leaner, more efficient system that could reduce the cost of each pair of shoes by 5 percent. One year
after implementing its new production processes, productivity was up 30 percent; damages were down 14 percent; and order ful-
fillment neared 100 percent, enabling the company to serve customers better than ever.?

Joe Belanger/Shutterstock.com

b

may change over time. The third and fourth scenarios might leave the firm vulnerable to
protecting trade secrets or losing first-hand knowledge of how to manufacture their own
products.

The decision to offshore involves a variety of economic and noneconomic issues.
Exhibit 6.5 summarizes the key issues in these decisions. When many manufacturers began
offshoring to Asia in the early 1990s, they were focused strictly on low labor cost. This cost
differential is narrowing. In addition, offshoring can create numerous problems, especially for
small businesses who don’t have the resources that larger firms do. For instance, the logistics
of shipping from Asia can be complex. Travel expenses for executives and other employees
needed to teach or monitor operations can mount up. Quality and production schedules are

EXHIBIT 6.5 Things to Consider when Making Offshoring Decisions

Economic reasons Low labor costs

A Lower import duties and fees

Lower capital costs

Grow global market share

Avoid national currency fluctuations

Preempt competitors from entering global market(s)
Hire worldwide skills and knowledge workers

Build robust value chain networks for global markets
Build relationships with government officials

The negative impact and media attention on remaining employees
Potential loss of intellectual property

Lose control of key processes

Develop secure sources of supply and reduce risks
Build relationships with suppliers

Avoid environmental regulations and laws

 / Possible political instability in offshore country
Lack of communication and/or technical skills
Noneconomic reasons Learn foreign markets and cultures
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more difficult to control, as is enforcing intellectual property rights. Some foreign manufac-
turers, for example, began using inferior materials or parts despite contractual agreements.
When all these factors are considered, some argue that the total cost of production in the
United States is actually cheaper. As a result, many firms are bringing operations back to
the United States.'

Reshoring is the process of moving operations back to a company’s domestic location. For example,
American Giant, an apparel company that makes popular sweatshirts, moved its sourcing back
to the United States from India and found that it is easier to manage the supply chain. When
solvents caused blotting on T-shirts at the Los Angeles factory, the issue was fixed in just a
few hours with only about 10 yards of fabric wasted; had the company been sourcing fabric
from India, it could have taken weeks, resulting in a loss of thousands of yards of fabric."
A nonprofit organization, the Reshoring Initiative (www.reshorenow.org) seeks to revitalize
U.S. manufacturing by helping companies better understand the total cost of offshoring, so
they can make more informed decisions. However, as an executive at General Electric noted,
“You can't just move the production back to the U.S. You have to think about how you build
and design it more efficiently, because otherwise you run into the same problems you had
when you offshored.” (Such problems might include managing operations and quality, for
instance.) In addition, companies often struggle to rebuild their supplier base and find the
right employees when they reshore.'?

6-3 A Global Supply Chain Example:
Inditex/Zara

To gain a better understanding of global supply chains and supply chain design decisions, we
present a case study of Inditex and its flagship brand, Zara. Then we briefly show how Inditex/
Zara made supply chain design decisions similar to those described in Exhibit 6.1.

Inditex (www.inditex.com) is a global fashion retailer based in La Coruna, Spain. Its
most-recognized brand is Zara, with approximately 6,900 stores in over 85 countries speaking
45 different languages. To be successful in fashion, companies must continually provide the
latest products and capitalize on tomorrow’s trends, not yesterday’s (as they say on “Project
Runway”: “In fashion, one day you're in; the next day you're out!”). What makes Zara unique
is a value chain model that focuses on two basic rules: “Give customers what they want, and
get it to them faster than anyone else.”" As an example, Zara delivers new items to its stores
twice weekly, taking less than two weeks from design to delivery! To accomplish this, the com-
pany must understand changing consumer trends and have the agility to rapidly produce and
deliver appealing products that will sell before consumer tastes change again. This requires a
highly responsive supply chain that seamlessly links market sensing, design, and production
processes with customers.

Exhibit 6.6 illustrates the key elements of Inditex’s global supply chain, which uses over
5,300 factories located in over 50 countries. It sources locally when possible; in Spain, for
example, over 60 percent of its suppliers are located near textile and garment factories. How-
ever, they also outsource to over 1,600 suppliers worldwide.

Their supply chain design can also be viewed as more of a pull system, because point-
of-sale data drives many flexible production processes. Zara uses a high degree of vertical
integration to control many of the major stages of its supply chain. They employ exhaustive
controls over product design, the selection and quality of raw materials, and end-of-product-
life recycling initiatives. Inditex uses 28 third-party laboratories around the world to test its
raw materials and dyes, products, and processes to ensure customer safety and comfort, and
environmental well-being.
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EXHIBIT 6.6

Inditex's Global Value Chain

La Coruna Headquarters
Design Teams

Q:*»m
-+‘ Rapid Delivery

Regional and Global

’ to Retail
Sewing and
A q >-| Stores Around
Finishing Factories the World

Y

Company Pattern-Cutting
Factories

1*'-*'-

Measurement and Feedback

Business analytics is used to monitor and predict customer-buying behavior and supply
chain performance. To avoid overstocks of items that don'’t sell, the company initially sends
only a few orders for new styles but can quickly deliver more if they become hot-selling items.
Store managers report this information daily through point-of-sale information. Marketing
analysts then study the data and the voice of the customer (acquired by the sales staff), moni-
tor trends from fashion leaders in Paris and Milan, and even track blogs to ensure that their
goods meet different customer needs in each region. Inditex’s products appear in multiple
social media channels, in its commercials, and in over 20 corporate videos on topics like
design, social responsibility, customer service, logistics, and fashion.

Design information is communicated to a team of in-house designers who quickly develop
new designs and send them to factories to be manufactured. So, instead of producing up to
six months in advance of the selling season, Inditex observes what goods are selling, makes
more of them, and eliminates those that aren't selling, without having to keep and discount
outdated inventory.

Zara uses its own highly automated
pattern-cutting factories and subcontracts

Inditex’'s business labor-intensive sewing and finishing work to

model is based on more than 300 small regional facilities in Spain,
the prem ise that all Portugal, and Morocco (called “proximity
itg processes must sourcing”); it also outsources some produc-

. tion to Asian factories. More than half of its
be sustainable and

A production is performed close to its design
responsible.

and distribution centers in about a dozen
company-owned factories. This approach is
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similar to “lean manufacturing” and exploits the principles of the Toyota production system,
which we will describe in Chapter 17. In contrast, most other fashion retailers outsource all
their manufacturing to Asia to reduce labor costs, resulting in slow supply chains that require
the designers to make early style and volume commitments well ahead of the selling season.
Although proximity sourcing is more costly, the ability of Inditex’s supply chain to quickly
change styles, ramp up manufacturing, and deliver goods to its stores allows them to capitalize
on the hottest trends and offset the labor costs by increased revenue.

Inbound transportation to warehouse hubs is normally by air, ship, and truck. Outbound
shipments to all retail stores twice weekly are delivered by truck and air cargo. In fact, its sup-
ply chain can deliver most goods in 24 hours in Europe and the United States, and in 48 hours
in Asia and Latin America. Air transportation is used for most high-fashion and hot-selling
items. Automated warehouses move clothing quickly to retail stores. One of their supply chain
management principles is the “traceability” of all raw materials and finished goods from sup-
pliers to factories to warehouses and to each retail store.

Sustainability and risk management are also important components of Inditex’s supply
chain. In its 2012 annual report the company states:

Inditex’s business model is based on the premise that all its processes must be sustain-
able and responsible. This concept of sustainability in Inditex not only covers the entire
value chain but also considered the focal point of all its strategic decisions. In this regard,
it is understood to be a responsibility that is shared by all Inditex’s members of staff....
All of these [suppliers], as well as each factory where production is carried out, must be
explicitly bound by the values of social and environmental responsibility that defines
Inditex, through the Department of Corporate Social Responsibility, the Department
of the Environment and the commercial and purchasing teams.... Inditex guarantees its
customers products that meet the most exacting health and safety standards."*

The company’s animal welfare policies and production standards, for example, are world
class regarding animal skins, fur, and wool, and how the animals are to be treated. As part
of Inditex’s governing structure, the firm has a Committee of Risks that constantly evaluates
supply chain risks such as shipping disruptions, chemical and dye spills and accidents, and
data security breaches.

Zara’s global supply chain addresses many of the key supply chain decisions described in
Exhibit 6.1. For example:

Zara defined a clear strategy and makes sourcing and facility location decisions
based on its strategy. Zara favors keeping key operational activities such as suppliers
and warehouses close to its factories,

Although the firm outsources when appropriate, it maintains a high degree of supply
chain control. They have resisted the industry trend to transfer their fast-fashion pro-
duction approach to developing countries.

The firm exploits technology and business analytics to run its factories and design
clothing faster than competitors, and uses digital content for marketing and promot-
ing its products and philosophy.

Air transportation is an integral part of quickly creating and delivering what the cus-
tomer wants.

They carefully manage supply chain risks associated with over- or undersupply. If a
new design item, for example, does not sell within a few weeks of being in the stores,
they cancel all orders and pursue a new design.

The firm clearly works to champion sustainability wherever it can.

Finally, Zara measures the performance of its supply chain through traceability of raw
materials and finished goods.
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6-4 Location Decisions

The principal goal of a supply chain is to provide customers with accurate and quick response
to their orders at the lowest possible cost. This requires a network of facilities that are located
strategically in the supply chain. Facility networking and location focuses on determining
the best network structure and geographical locations for facilities to maximize service and
revenue, and to minimize costs. These decisions can become complex, especially for a global
supply chain, which must consider shipping costs between all demand and supply points in
the network, fixed operating costs of each distribution and/or retail facility, revenue generation
per customer location, facility labor and operating costs, and construction costs.

Larger firms have more complex location decisions. They might have to position a large
number of factories and distribution centers advantageously with respect to suppliers, retail
outlets, and each other. Rarely are these decisions made simultaneously. Typically, factories
are located with respect to suppliers and a fixed set of distribution centers, or distribution cen-
ters are located with respect to a fixed set of factories and markets. A firm might also choose
to locate a facility in a new geographic region not only to provide cost or service efficiencies
but also to create cultural ties between the firm and the local community.

Location is also critical in services. A great servicescape and facility layout can seldom
overcome a poor location decision, simply because customers may not have convenient access,
which is one of the most important requirements for a service facility. Service facilities such
as post offices, branch banks, dentist offices, and fire stations typically need to be in close
proximity to the customer. In many cases, the customer travels to the service facility, whereas
in others, such as mobile X-ray and imaging centers or “on-call” computer-repair services, the
service travels to the customer.

Many service organizations operate large numbers of similar facilities. Multisite management
is the process of managing geographically dispersed service-providing facilities. For example, McDonald’s
has over 30,000 restaurants worldwide plus hundreds of food-processing factories and distri-
bution centers. Federal Express has over 1 million pickup and delivery sites worldwide, plus
hundreds of sorting and distribution facilities. Some major banks have over 5,000 branch banks,
plus thousands of ATM locations. Supply chains are vital to multisite management, and in each
of these cases it can be difficult to design a good supply chain.

Criteria for locating these facilities differ depending on the nature of the service. For
example, service facilities that customers travel to, such as public libraries and urgent-care
facilities, seek to minimize the average or maximum distance or travel time required from
among the customer population. For those that travel to customer locations, such as fire sta-
tions, the location decision seeks to minimize response time to customers.

6-4a Critical Factors in
| Location Decisions

Location decisions in supply and value
chains are based on both economic and non-
economic factors. For example, although
the Gap, Banana Republic, and Old Navy
are part of the same corporation, each firm
locates its factories differently. The Gap
makes its goods in Mexico to provide more
agility in supplying the North American mar-
ket; Old Navy sources in China to keep costs
down; and Banana Republic has facilities in
Italy in order to be close to fashion innova-
tions. Exhibit 6.7 is a list of some important
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location factors for site
selection. Economic fac-

Location Drives Amazon’s Operations Center of

tors include facility costs

Excellence Decision

such as construction,

utilities, insurance, taxes,
depreciation, and main-
tenance; operating costs,
including fuel, direct

Amazon announced they were opening an Operations Center of Excellence in downtown
Nashville, Tennessee, that will provide 5,000 full time jobs. Among their reasons for choosing this

location were the following:
labor, and administrative o ) .
» Nashville is at the heart of population centers, and you can reach half of the U.S. population

personnel; and transpor- A>TVIE '
within a single-day drive.

tation costs associated
with moving goods and
services from their ori-
gins to the final destina- >
tions, or the opportunity >

» It's centrally located between two of the largest logistics providers in the country: FedEx in
Memphis, and the UPS Worldport in Louisville, Kentucky.

Being in the central time zone makes it easier to access to both East and West Coast customers.

Nashville has a lot of supply chain talent, with universities such as Vanderbilt and Middle
cost of customers com- Tennessee State, which has a concentration in supply chain management.
ing to the facility. Audi, >
for instance, is building
its first plant in North
America—in Mexico—to

Its relatively low cost of living can attract employees from out of town.”

exploit free-trade agreements that allow them to ship cars duty free to the United States and
better manage exchange-rate fluctuations.

Economic criteria are not always the most important factors in such decisions. Sometimes
location decisions are based upon strategic objectives such as preempting competitors from
entering a geographical region. New facilities also require large amounts of capital invest-
ment and, once built, cannot easily be moved. Moreover, location decisions also affect the
management of operations at lower levels of the organization. For instance, if a manufacturing
facility is located far from sources of raw materials, it may take a considerable amount of time
to deliver an order, and there will be more uncertainty as to the actual time of delivery. Non-
economic factors in location decisions include the availability of labor, transportation services,
and utilities; climate, community environment, and quality of life; and state and local legal
and political factors. These must be balanced with economic factors in arriving at a location
decision that meets financial as well as customer and operational needs.

EXHIBIT 6.7 Example Location Factors for Site Selection

Climate, Commu-
nity Environment,
and Quality-of-Life
Factors

Transportation
Factors

State and Local Legal
and Political Factors

Location Factors Utilities Factors

Minimize distance traveled
(i.e., convenience)

Customer access Fuel availability Housing and roads Payroll taxes

Demand and markets Closeness to markets Waste disposal K=12 schools Local and state tax structure

Sourcing Closeness to sources of Water supply Climate and living Taxation climate and policies
supply conditions

Ability to retain labor force Adequacy of transportation ~ Power supply Universities and research Opportunity for highway
modes (i.e,, air, truck, train, facilities advertising

water)

Availability of adequate
labor skills
Labor rates

Location of competitors
Volume of traffic around
location (i.e., traffic
congestion)

Costs of transportation

Visibility of the facility from
the highway

Parking capability
Inbound and outbound
driving time for employees
and customers

Local energy costs
Communications capability
Price/cost

Utility regulatory laws and
practices

Community attitudes
Health care facilities

Property costs
Cost of living

Tax incentives and
abatements
Zoning laws

Health and safety laws
Regulatory agencies and
policies
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6-4b Location Decision Process

Facility location is typically conducted hierarchically and involves the following four basic

decisions where appropriate.

Global Location Decision Many companies must cope with issues of global operations
such as time zones, foreign languages, international funds transfer, customs, tariffs, and
other trade restrictions, packaging, international monetary policy, and cultural practices. The
global location decision involves evaluating the product portfolio, new market opportunities,

changes in regulatory laws and

procedures, production and delivery economics, sustainability,

and the cost to locate in different countries. With this information, the company needs to
determine whether it should locate domestically or in another country; what countries are
most amenable to setting up a facility (and what countries to avoid); and how important it is

SOLVED PROBLEM 6.2: MAKING AN ECONOMICAL LOCATION DECISION

The following data are related to the operating costs of three
possible locations for Fountains Manufacturing:

Location1 Location2 Location3

Fixed costs $165,000 $125,000 $180,000
Direct material cost $8.50 $8.40 $8.60
per unit

Direct labor cost per $4.20 $3.90 $3.70
unit

Overhead per unit $1.20 $1.10 $1.00
Transportation cost $0.80 $1.10 $0.95

per unit

Which location would minimize the total costs, given annual
production of 50,000 units?

Solution:
Compute the total cost associated with annual produc-

tion. For example, the direct material cost at location 1 is
($8.50)(50,000 units) = $425,000, summarized as follows:

Total Costs Location 1 Location2 Location3
Fixed costs $165,000 $125,000 $180,000
Direct material $425,000 $420,000 $430,000
Direct labor $210,000 $195,000 $185,000
Overhead $60,000 $55,000 $50,000
Transportation $40,000 $55,000 547,500
Total $900,000 $850,000 $892,500

Based on total manufacturing and distribution costs, location 2
would be best. Exhibit 6.8 shows the Excel Location Analysis tem-
plate in MindTap that can be used to perform these calculations.

EXHIBIT 6.8 Excel Location Analysis Template

A B C D E F G H

1 Location Analysis

2 Enter data only in yellow cells. The template is designed for up to 5 locations.

3

4 Data Location1 Location2 Location3 Location4 Location 5
5 Fixed Costs] $165,000.00] $125,000.00] $180,000.00]

[ Direct material cost/unit $8.50 58.40 58.60

7 Direct labor cost/unit $4.20 $3.90 $3.70

8 Overhead/unit $1.20 $1.10 $1.00

9 Transportation cost/unit 50.80 $1.10 $0.95

10

11 /Annual Production [ 50000]

12

12 Total Costs Location1 Location2 Location3 Location4 Location 5
14 Fixed Costs| $165,000.00] $125,000.00| $180,000.00

15 Direct material cost| $425,000.00| $420,000.00] $430,000.00

16 Direct labor cost| 5210,000.00| 5$195,000.00| $185,000.00

17 Overhead| S$60,000.00| $55,000.00| $50,000.00

18 Transportation cost| $40,000.00] $55,000.00] $47,500.00

19 Total| $900,000.00| $850,000.00] $892,500.00
20
21 Least-cost | ]L()r:ati(m 2 ]
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to establish a local presence in other regions of the world. The decision by Mercedes-Benz
to locate in Alabama was based on the fact that German labor costs were about 50 percent
higher than labor costs in the southern United States; the plant also gives the company better
inroads into the American market and functions as a kind of laboratory for future global-
manufacturing ventures.

Regional Location Decision The regional location decision involves choosing a general
region of a country, such as the northeast or south. Factors that affect the regional decision
include size of the target market, the locations of major customers and sources of materials
and supply; labor availability and costs; degree of unionization; land, construction, and utility
costs; quality of life; and climate.

Community Location Decision The community location decision involves selecting a
specific city or community in which to locate. In addition to the factors cited previously, a
company would consider managers’ preferences, community services and taxes (as well as tax
incentives), available transportation systems, banking services, and environmental impacts.
Mercedes-Benz settled on Vance, Alabama, after considering sites in 30 different states.
Alabama pledged $250 million in tax abatements and other incentives, and the local business
community came up with $11 million. The community also submitted a plan for how it would
help the families of German workers adjust to life in that community.

Local Site Location Decision The site location decision involves the selection of a par-
ticular location within the chosen community. Site costs, proximity to transportation systems,
utilities, payroll and local taxes, sustainability issues, and zoning restrictions are among the
factors to be considered.

Researchers at the University of Tennessee developed a tool to help organizations assess
their supply chain location decisions, identifying the strengths, weaknesses, opportunities,
and threats of the different regions in the world. Called the EPIC framework, it provides
the structure for assessing various regions around the globe for supply chain readiness from
economic (E), political (P), infrastructural (I), and competence (C) perspectives. The frame-
work measures and assesses the levels of “maturity” held by a geographic region, with specific
respect to its ability to support supply chain activities. The four EPIC dimensions are then
assessed using a set of variables associated with each dimension. Exhibit 6.9 summarizes the
key variables and supply chain network design issues in the EPIC framework.'®

6-4c The Center-of-Gravity Method

Supply chain design and location decisions are quite difficult to analyze and make. Many
types of quantitative models and approaches, ranging from simple to complex, can be used to
facilitate these decisions. We introduce a simple quantitative approach; however, in practice,
more sophisticated models are generally used.

The center-of-gravity method determines the x and y coordinates (location) for a single
facility. Although it does not explicitly address customer service objectives, it can be used
to assist managers in balancing cost and service objectives. The center-of-gravity method
takes into account the locations of the facility and markets, demand, and transportation
costs in arriving at the best location for a single facility. It would seem reasonable to find
some “central” location, between the goods-producing or service-providing facility and
customers, at which to locate the new facility. But distance alone should not be the princi-
pal criterion, as the demand (volume, transactions, etc.) from one location to another also
affects the costs. To incorporate distance and demand, the center of gravity is defined as
the location that minimizes the weighted distance between the facility and its supply and
demand points.

The first step in the procedure is to place the locations of existing supply and demand
points on a coordinate system. The origin of the coordinate system and scale used are arbitrary,
as long as the relative distances are correctly represented. Placing a grid over an ordinary map
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EXHIBIT 6.9 EPIC Framework

Dimension LGAETE] ] Supply Chain Network Design Issues/SCND
Economy GDP and GDP Growth Rate Retail store location

Supply network—node location

Retail store location

Population Size Sales channel—direct sales stores vs. distributors
Ecommerce vs. retail store
Foreign Direct Investment Manufacturing location
Exchange Rate Stability & CPI Manufacturing location
Balance of Trade Sourcing & manufacturing location
Politics Ease of Doing Business Retail store location

Supply network—node location

Sourcing & manufacturing location
Legal & Regulatory Framework Retail store location

Supply network—node location

Sourcing & manufacturing location
Risk of Political Stability Retail store location

Supply network-node location

Sourcing & manufacturing location
Intellectual Property Rights R&D center

E-commerce vs. retail store

Decisions on product design

Infrastructure  Transportation Infrastructure Logistics network design
Utility Infrastructure (Electricity) Sourcing, manufacturing, and logistics location
Telecommunication & Sourcing, manufacturing, and logistics location
Connectivity Retail store location

Competence Labor Relations Sourcing, manufacturing, and logistics location
Education Level R&D center

E-commerce vs. retail store
Design school and champion
Sourcing, manufacturing, and logistics location
Retail store location
Logistics Competence Sourcing, manufacturing, and logistics location

E-commerce vs. retail store (e.g., courier services)
Customs & Security Sourcing, manufacturing, and logistics location

is one way to do that. The center of gravity is determined by Equations 6.4 and 6.5, and can
easily be implemented on a spreadsheet.

C, =3X, W,/5W, [6.4]
C, =3V, W,/2W, [6.5]

where

C, =xcoordinate of the center of gravity
C, =y coordinate of the center of gravity
X, =x coordinate of location i
Y, =y coordinate of location i

W, =volume of goods or services moved to or from location i
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The center-of-gravity method is often used to locate service facilities. For example, in locating a
waste disposal facility, the location coordinates can be weighted by the average amount of waste
generated from residential neighborhoods and industrial sites. Similarly, to locate a library, fire
station, hospital, or post office, the population densities will define the appropriate weights in
the model.

SOLVED PROBLEM 6.3: FINDING THE CENTER OF GRAVITY

Taylor Paper Products is a producer of paper stock used in news- are shown in the Excel template in Exhibit 6.10. For example,
papers and magazines. Taylor's demand is relatively constant, we see that location 1, Hamilton, is at the coordinate (58, 96);
and thus can be forecast rather accurately. The company’s two therefore, X; = 58 and¥; = 96 . Hamilton and Kingsport
factories are located in Hamilton, Ohio, and Kingsport, Tennessee. produce 400 and 300 tons per month, respectively. Demand
The company distributes paper stock to four major markets: Chi- at Chicago, Pittsburgh, New York, and Atlanta is 200, 100, 300,
cago, Pittsburgh, New York, and Atlanta. The board of directors and 100 tons per month, respectively. With that information,
has authorized the construction of an intermediate warehouse to using Equations 6.4 and 6.5, the center of gravity coordinates
service those markets. Coordinates for the factories and markets are computed as follows:

c. - 58(400) + 80(300) + 30(200) + 90(100) + 127(300) + 65(100) _ 76.3
400 + 300 + 200 + 100 + 300 + 100
c = 96(400) + 70(300) + 120(200) + 110(100) + 130(300) + 40(100) _ 98.1
g 400 + 300 + 200 + 100 + 300 + 100

The Excel Center-of-Gravity template on MindTap uses these Ohio and West Virginia. Managers now can search that area
formulas to find the best location. By overlaying a map on the for an appropriate site.
chart, we see that the location is near the border of southern

EXHIBIT 6.10  Excel Center-of-Gravity Template

A B C D E F G H | J
1 Center of Gravity
2 Enter data only in yellow cells. The template is designed for up to 10 locations.
3

4 Name u-Coordinate y-Coordinate  Volume ' "
5 Hamilton s 96 400 Center of Gravity

6 Kingsport 20 70 300) 140
7 Chicago a0 120 200 120 -
8 [Pittsburgh 90 110 100 il o @
9 New York 127 130 300 3 ¢ =
10 Atlanta 65 40 100| % B °
11 E 60
12 > w0 &
13 s
14
15 i
i) 40
16 [Center ot Gravity_| 76.29] 98.14] LI

17
18
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65 Supply Chain Optimization

Supply chain optimization is the process of ensuring that a supply chain operates at the highest levels
of efficiency and effectiveness. This includes minimizing the total costs of manufacturing and
transportation, which might consider sourcing, distribution, and placement of inventory
throughout the supply chain. Various optimization approaches are used to model complex
transportation configurations and conduct “what-if” analyses to evaluate alternative supply
chain strategies. Some typical uses of such a system are investigating the “what-if” effects of
changes in demand and volume; changes in transportation modes and costs; transportation
and labor strikes, natural disasters, and energy shortages; plant-capacity expansion proposals;
new product lines; deletion of product lines; price changes and discounts; emerging global or
local markets; transportation using public versus private carriers; and facility size, type, mix,
and location(s). Supply chain optimization models can become very complex and requires
sophisticated software to solve large, practical problems.

Supplement E introduces the transportation model—alinear optimization model that seeks
to minimize the cost of shipping from sources such as factories to destinations such as warehouses or customer
zones. This model is the basis for more advanced supply chain optimization models. Solved
Problem 6.4 shows how this can be used.

SOLVED PROBLEM 6.4: A TRANSPORTATION MODEL FOR SUPPLY CHAIN

OPTIMIZATION

This example draws upon the Foster Manufacturing transporta-
tion model in Supplement E: The Transportation and Assignment
Problems. You should review this material first.

Long-term demand forecasts for commercial generators pro-
duced by Foster Manufacturing show an increase in demand
that exceeds current supply capacity. The new demand vol-
umes at the four distribution centers are

Boston: 8,000,
Chicago: 6,500,

St. Louis: 3,500, and
Lexington: 2,000,

which total 20,000. Because the current supply at its existing
plants in Cleveland, Bedford, and York total 13,500, the
company will be short 6,500 units unless a new plant is built.
Two locations are being considered: Memphis, Tennessee
and Charlotte, North Carolina. Each would have a capacity

of 8,000 units to cover the forecasted demand and provide
additional safety capacity.

The unit cost of shipping from each of these locations to
the distribution centers is

Boston Chicago St.Louis Lexington
Memphis $8.50 $4.50 $4.00 $4.00
Charlotte $7.50 $6.00 $5.00 $4.50

Plant construction costs are anticipated to be the same for
each location. Which location should be chosen?

Solution:

With only two locations, we can formulate and solve a trans-
portation problem for each of these new plant locations and
compare the total costs. Exhibit 6.11 shows the Excel Solver
solutions for each new location. We see that the minimum cost
solution is to build the plantin Memphis.
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HIBIT 6.11

cel Solver Solutions for

ter Manufacturing
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A
1 Foster Manufacturing
2|
3 Data
4| Cleveland
5 | Bedford
6 | York
i ‘ Memphis
8 | Demand
5
10
11 Model
12|
13 'Decision variables
1] Cleveland
15 Bedford
15| York
17| Memphis
18
1%|

Boston Chicago St. Louis Lexington Supply

$3.00 $2.00 $7.00 $6.00
$7.00 $5.00 $2.00 $3.00
$2.00 $5.00 $4.00 $5.00
$8 60 $4.50 $4.00 $4.00
8000 G500 3500 2000

Boston Chicago St. Louis Lexington

5000
500
2500
0

oS &

6500

0
3800
0
0

0
2000
0
0

5000
6000

Supply Constraints
Amount Shipped From

Demand Constraints
Amount Shipped To

Total cost

Cleveland Bedford York Memphis
5000 8000 2500 8500

Boston Chicago St. Louis Lexington
8000 6500 3500 2000

$65,750.00

a. Choose Memphis

5000
6000
2500
8000

1
2|

3 Data Boston Chicago St. Louis Lexington Supply
4 Cleveland| $3.00 $2.00 $7.00 $6.00

5| Bedford| $7.00 $5.00 $2.00 $3.00

B | York| $2.00 $5.00 $4.00 $5.00

7] Charlotte|  §7.50 §6.00 $5.00 $4.50

8 | Demand 8000 6500 3500 2000

9 |

10

11 Model

12

13 Decision variables Boston Chicago St.Louis Lexington

14 Cleveland 5000 0 ] 0

15| Bedford 0 500 3500 2000

16 | York 2500 0 0 0

17| Charlotte 500 6000 0 0

18

19 ‘

Supply Constraints
Amount Shipped From

Demand Constraints
Amount Shipped To

Total cost

Cleveland Bedford York Charlotte
5000 8000 2500 8500

Bosten Chicago St Louis Lexington
8000 6500 3500 2000

$75,250.00

b. Choose Charlotte
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CHAPTER 6 LEARNING OBJECTIVE SUMMARIES

Explain the concept of a global supply chain, describe
the key design decisions and explain the impact of
blockchain technology on global supply chains. Global
supply chains are complex supply chains operated by multina-
tional enterprises. Their value chains can source, market, create,
and deliver goods and services to customers worldwide. Key
design decisions include:

e Strategy (what competitive priorities should we emphasize?)

e Control (do we centralize or decentralize control of the supply
chain?)

® |ocation (where do we locate facilities?)

e Sustainability (how do we champion economic, environmental,
and social sustainability goals and practices in global supply
chains?)

e Technology (do we share our technology and intellectual
property with suppliers and partners in other countries?)

Describe the key trade-offs that managers must
consider in designing supply chains, and how to
evaluate outsourcing and offshoring decisions.

e Ffficient supply chains are designed for efficiency and low cost by
minimizing inventory and maximizing efficiencies in process flow.
P&G and Walmart are two companies that run efficient supply chains.

® Responsive supply chains are able to react quickly to changing
market demand and requirements, because of their flexibility and
responsive service. Apple and Nordstrom are two companies that
have responsive supply chains.

® Push systems produce goods in advance of customer demand
using a forecast of sales and moves them through the supply
chain to points of sale. Best Buy and Macy's are push systems.

Describe how Inditex/Zara designs and operates
its supply chain. See Section 6-3 and in particular,

Explain the types of decisions required and criteria used
to locate facilities in supply chains, and be able to apply
the center of gravity method. Exhibit 6.7 summarizes the

location factors for site selection. Four key decisions are choosing the

Explain how the transportation model can be used to
help optimize costs in supply chains. The transportation model
is a linear optimization model that arises in planning the distribution

of goods and services from several supply points to several demand

e Digital content (how do we build and integrate digital content
and e-commerce capabilities into goods and services and our
supply chains?)

e Sourcing (from whom do we purchase raw materials, m pars, and
subassemblies?)

® | ogistics and transportation (what transportation modes should
we use to maximize service and minimize costs?)

e (Qutsourcing (what supply chain activities do we keep in-house or
outsource to suppliers?)

® Managing risk (how do we address supply chain risks and disruptions?)

® Measuring performance (what performance metrics to use in
managing our supply chains?)

Blockchain technology impacts most of these supply chain
decisions. The goals of a blockchain-enriched supply chain are
to be intelligent, collaborative, transparent, and secure while
maximizing customer service at minimum costs.

e Pull systems produce only what is needed at upstream stages in
the supply chain in response to customer demand downstream.
Dell uses this system.

Outsourcing: The company that outsources does not have ownership
of the outsourced process and function. The simplest outsourcing
decision is “make versus buy,” based on economics, using break-even
analysis.

Offshoring: The building, acquiring, or moving of process
capabilities from a domestic location to another country location
while maintaining ownership and control. Decisions to offshore
involved determining what value creation, support, and/or general
management processes should move.

Exhibit 6.6, which illustrates the key elements of Inditex’s global
supply chain.

global location, regional location, community location, and local site
location. The center-of-gravity method applies Equations 6.4 and 6.5
to determine a central location for a single facility based on demand
as well as distance between existing locations.

locations. With a variety of shipping routes and differing transportation
costs for routes, the objective is to determine how many units should
be shipped from each origin to each destination so that all destination
demands are satisfied with minimum total transportation costs.

KEY TERMS

e Backward integration

¢ Blockchain

* Center-of-gravity .
method
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Contract

o Efficient supply

manufacturer chains
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e Forward integration * Operational structure

e Multinational e Outsourcing
enterprise * Postponement

e Multisite e Pull system
management

e Push system

e Offshoring
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e Push-pull boundary e Third-party logistics

* Reshoring (3PL) providers

e Responsive supply ¢ Transportation
chains model

* Supply chain e Vertical integration
optimization

® 66606 9@

EVIEW QUESTIONS

1. Explain the concept of a global supply chain and

describe the key design decisions.

. Define operational structure and provide an

example of centralized control and decentralized
control.

. Define efficient and responsive supply chains and

explain how they differ.

. Define push and pull supply chains and explain

how they differ.

. Describe the ideas of vertical, forward, and

backward integration.

. 'What is a contract manufacturer. Provide

some examples of contract manufacturers used

by Apple.

. What is a third-party logistics (3PL) provider? How

does Amazon use 3PL providers?

. How can break-even analysis be used to help

managers make outsourcing decisions?

. Define outsourcing, offshoring, and reshoring and

explain how they differ.

. Describe how Inditex/Zara designs and operates its

supply chain.

. Define multisite management and provide one

example of a company that must handle this challenge.

. Explain the types of decisions required and criteria

used to locate facilities in supply chains.

. Explain how the center of gravity method works.

. Identify and explain the four EPIC dimensions to

help location facilities around the world.

. Explain supply chain optimization and how the

transportation model can be used to help optimize
costs in supply chains.

DISCUSSION QUESTIONS AND EXPERIENTIAL ACTIVITIES

(6.1 13

One study that focused on the impact of China
trade on the U.S. textile industry noted that

19 U.S. textile factories were closed and 26,000 jobs
lost in the early 2000s. If these factories had not
closed, it would have cost U.S. consumers $6 billion
more in higher textile prices. Assuming these

facts are true, offer an argument for or against
off-shoring U.S. jobs.

. How does globalization impact the supply chain

design process?

. If a small U.S. business with sales of $300 million

wanted to expand into global markets, develop a
check sheet with a list of twenty questions (and deci-
sions) they might have to answer (make) regarding
their supply chain(s). Be ready to present to the class.

(6.1 JE)

(6.1 1)

Explain why it is important for operations
managers to understand the local culture

and practices of the countries in which a firm
does business. What are some of the potential
consequences if they don’t?

Research a U.S. company that recently moved a
corporate headquarters or factory or research and
development center from the United States to
another country. What were the advantages and
disadvantages for the company in their offshoring
decision? Develop a government-based incentive
system to keep this offshoring from happening. Be
ready to present to the class.

. Research the topic of “reshoring” in the United

States and evaluate its impact. Develop an

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



166

D=

PART TWO: Designing Operations and Supply Chains

incentive system for U.S. firms to bring work back
to the United States. Be ready to present to the
class.

. Define the principal criteria that might be used for

locating each of the following facilities:

* hospital

e chemical factory

e fire station

 coffee shop

* regional automobile parts

Select a firm such as Taco Bell (www.tacobell.com),
Bank of America (www.bankofamerica.com),

Walmart (www.walmart.com), or another service-
providing organization of interest to you and write

a short analysis and list of location and multisite
management decisions that the firm faces.

. How can satellite-based global positioning systems

improve the performance of supply chains in the
following industries: (a) trucking, (b) farming and
food distribution, (¢) manufacturing, and

(d) ambulance service?

. Find an article describing the application of

optimization models in supply chain design and
summarize how the models are used and the
benefits that resulted from them. A good journal
to search is Interfaces, which should be available
in your school library, or Analytics Magazine
(analytics-magazine.org), which is available to

the public.

COMPUTATIONAL PROBLEMS AND EXERCISES

These exercises require you to apply the formulas and methods described in the chapter. The problems should be solved manually.

@ =

A company has two alternatives for meeting a
customer requirement for 880,000 units of a

part used in office printers. If done in-house, fixed
cost would be $1,400,000 with variable cost at
$1.90 per unit. Alternative two is to outsource for a
total cost of $3.50 per unit. Determine the break-
even point and determine if they should make the
item in-house or outsource it.

. A hospital is evaluating whether to outsource or

perform in-house a large set of blood and urine
laboratory tests. The fixed cost of the laboratory lo-
cated in the hospital is $800,000 and the weighted
average variable cost per test if performed in-house
is $28.75. A third-party lab located one city block
from the hospital will perform the same tests and
distribute the results electronically to the hospital
at a price of $32.00. If the annual volume last year
was 250,000 tests, should the hospital outsource or
make-in-house?

. Industrial Products, Inc. has two alternatives for

manufacturing 12,000 industrial 100-horse power

D »

electric motors per year. If done in-house, fixed cost
would be $2,100,000 with variable cost at $6,800
per unit. Alternative two is to outsource for a total
cost of $7,300 per unit.

a. What is the break-even quantity?

b. Should the firm make-in-house or outsource?
Using the information about customer vehicle
traffic to and from a proposed new sports stadium

(not built yet), find the best location for the
stadium that minimizes total distance travelled

using the center-of-gravity method.

Zip Cc.ode Coordinates of Location Vehiclgs
Location per Stadium
Options Event

1 4 6 2,500

2 12 11 1,200

3 10 10 4,200

4 7 9 2,900

Use the center-of-gravity method to determine an
ideal location for a service center.
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@ 30. Microserve provides computer repair service on a
contract basis to customers in five sections of the
city. The five sections, the number of service con-
tracts in each section, and the x and y coordinates
of each section are as follows:

No. of Coordinates

Section Contracts X y

Parkview 90 8.0 10.5
Mt. Airy 220 6.7 59
Valley 50 12.0 5.2
Norwood 300 15.0 6.3
Southgate 170 1.7 83

Use the center-of-gravity method to determine an
ideal location for a service center.

@ 31. Using the following information about material
volume shipped from a factory to four retail outlets,

find the best location for the factory using the cen-

ter of gravity method.
Location
Coordinates Material
Retail Outlet Xy Movement
1 18,6 1,000
2 12,15 2,100
3 7,10 1,900
4 7,20 3,200

Use the center-of-gravity method to determine an
ideal location for a service center.
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@ 32. A supply chain manager faced with choosing
among four possible locations has assessed each
location according to the following criteria, where
the weights reflect the importance of the criteria.

How can he use this information to choose a loca-
tion? Can you develop a quantitative approach to

do this?
Location

Criteria p
Raw material 0.15 G p OK VG
availability
Infrastructure 0.1 OK OK OK OK
Transportation 0.35 VG OK P OK
costs
Labor relations 0.2 G VG P oK
Quality of life 0.2 G VG P OK

VG = Very good 5 pts; G = Good 4 pts; OK = Acceptable 3 pts ; P = Poor 1 pt.

@ 33. Supreme Auto Parts produces components for
motorcycle engines. It has plants in Amarillo,
Texas, and Charlotte, North Carolina, and supply
factories in Detroit and Atlanta. Use the following
production and cost data for a major component to
formulate a transportation model to determine the
best distribution plan. Do not attempt to solve.

Freight Costs
Plant Detroit Atlanta Capacity Unit Cost
Amarillo $12 $8 1,200 $125
Charlotte $9 33 3,000 $140

Demand 2,000 900

EXCEL-BASED PROBLEMS

For these problems, you may use Excel Solver or the spreadsheet templates in MindTap to assist in your analysis.

@ 34. A university currently has a recycling program for
paper waste. The fixed cost of running this program
is $15,000 per year. The variable cost for picking up
and disposing of each ton of recyclable paper is $40.
If the work is outsourced to a recycling company,
the cost would be $65 per ton.

a. If the forecasted demand is 750 tons, what
should the university do? Use the Break-Even
Excel template to find your answer.

b. Find the break-even point using the Excel Goal
Seek tool.

@ 35. Marine International manufactures an aquarium
pump and is trying to decide whether to produce
the filter system in-house or sign an outsourcing

contract with Bayfront Manufacturing to make

the filter system. Marine’s expertise is producing
the pumps themselves but they are considering
producing the filter systems also. To establish a
filter system production area at Marine Interna-
tional, the fixed costs is $300,000 per year and they
estimate their variable cost of production in-house
at $12.25 per filter system. If Marine outsources
the production of the filter system to Bayfront,
Bayfront will charge Marine $30 per filter system.
Use the Break-Even Excel template to determine if
Marine International should outsource the produc-
tion of the filter system to Bayfront if the demand
is 25,000 pumps a year?
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@ 36. A firm is evaluating the alternative of manufactur-
ing a part that is currently being outsourced from
a supplier. The relevant information is provided
below:

For in-house manufacturing:
Annual fixed cost = $80,000
Variable cost per part = $140
For purchasing from supplier:
Purchase price per part = $160
a. For this information, use the Break-Even Excel

template to find the best decision if the demand
is 5,000.

b. Determine the break-even quantity for which
the firm would be indifferent between manu-
facturing the part in-house or outsourcing it.
Use the Excel Goal Seek tool.

. Refer to the information provided in Question 36
to answer the following questions using the
Break-Even Excel template.

a. If demand is forecast to be 3,500 parts, should
the firm make the part in-house or purchase it
from a supplier?

b. The marketing department forecasts that the
upcoming year’s demand will be 3,500 parts.

A new supplier offers to make the parts for $156
each. Should the company accept the offer?

c. What is the maximum price per part the manu-
facturer should be willing to pay to the supplier
if the forecast is 3,500 parts?

. Given the location information and volume
of material movements from a supply point
(warehouse) to several retail stores for Bourbon
Hardware, find the optimal location for the
supply point using the Center of Gravity Excel
template.

Retail Location Coordinates Material
Outlet X y Movements
1 20 5 1,200
2 18 15 2,500
3 3 16 1,600
4 3 4 1,100
5 10 20 2,000

@ 39. The Davis national drugstore chain prefers to
operate one outlet in a town that has four major
market segments. The number of potential
customers in each segment along with the
coordinates are as follows:

Market Location Coordinates Number of
Segment X y Customers
1 2 18 2,000
2 15 17 600
3 2 2 1,500
4 14 2 3400

Find the best location using the Center of Gravity
Excel template.

. For the Davis drugstore chain in Problem 39,
suppose that after five years, half the custom-
ers from segment 1 are expected to move to
segment 2. Where should the drugstore shift,
assuming the same criteria are adopted? Use the
Center of Gravity Excel template to answer this
question.

. Cunningham Products is evaluating five possible
locations to build a distribution center. Data
estimated from the accounting department

are provided below. The annual production is
estimated to be 30,000 units.

Data for Problem 41 Location 1 Location 2
Fixed costs $75,000.00 $110,000.00
Direct material $4.14 $4.65
cost/unit

Director labor $12.45 $13.80
cost/unit

Overhead/unit $2.25 $2.60
Transportation $0.50 $0.65

cost/unit

Location 3 Location 4 Location 5
$95,000.00 $125,000.00 $110,000.00
$5.05 $4.50 $4.50
$11.80 $15.60 $13.75
$195 $2.75 $2.10

$0.30 $0.83 50.67

a. Use the Location Analysis Excel template to determine the location that provides the least cost.

b. How would your answer change as the production volume increases?
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@ 42. Milford Lumber Company ships construction materials from three wood-processing plants to three retail stores. The
shipping cost, monthly production capacities, and monthly demand for framing lumber are given below (these data are
available in the Excel worksheet Milford Lumber on MindTap). Formulate a linear optimization model for this prob-
lem, implement your model on a spreadsheet, and use Excel Solver to find a solution that minimizes total distribution
costs. See Supplement E for a discussion of modeling and solving transportation problems.

Plant Store A StoreB StoreC  Capacity

1 $4.50 $3.10 $2.00 280
2 $5.10 $2.60 $3.80 460
3 $4.10 $2.90 $4.00 300
Demand 250 600 150

@ 43. Consider the following transportation problem data for Baker Industries (these data are available in the Excel work-
sheet Baker Industries on MindTap):

Distribution Center

Plant Los Angeles San Francisco San Diego Supply
San Jose $4 $10 $6 100
Las Vegas S8 $16 $6 300
Tucson S14 518 $10 300
Demand 200 300 200

Use the techniques explained in Supplement E: The Transportation Problem to address the following:
a. Formulate the linear optimization model to minimize total cost.
b. Implement your model on a spreadsheet and use Excel Solver to find an optimal solution.

c. How would the optimal solution differ if we must ship 150 units on the Tucson to San Diego route? Explain how
you can modify the model to incorporate this new information.

@ 44. Arnoff Enterprises manufactures the central processing unit (CPU) for a line of personal computers. The CPUs
are manufactured in Seattle, Columbus, and New York and shipped to warehouses in Pittsburgh, Mobile, Denver,
Los Angeles, and Washington, DC for further distribution. The data below show the number of CPUs available at each
plant and the number of CPUs required by each warehouse (these data are available in the Excel worksheet Arnoff
Enterprises on MindTap). The shipping costs (dollars per unit) are also shown.

Warehouse
Plant Pittsburgh Mobile Denver LosAngeles Washington Supply
Seattle $10 $20 S5 $9 $10 9,000
Columbus $2 $10 $8 $30 $6 4,000
New York 31 $20 $7 $10 $4 8,000
Demand 3000 5000 4000 6000 3000
a. Formulate a linear optimization model for this @ 45. Forbelt Corporation has a one-year contract to
problem, implement your model on a spread- supply motors for all refrigerators produced by
sheet, and use Excel Solver to find a solution to the Ice Age Corporation. Ice Age manufactures
determine the number of CPUs that should be the refrigerators at four locations around the
shipped from each plant to each warehouse to country: Boston, Dallas, Los Angeles, and
minimize the total transportation cost. St. Paul. Plans call for these numbers (in
b. The Pittsburgh warehouse has just increased its thousands) of refrigerators to be produced at
order by 1,000 units, and Amoff has authorized the four locations.
the Columbus plant to increase its production by Boston 50
1,000 units. Do you expect this development to Dallas 70
lead to an increase or a decrease in the total trans- Los Angeles 60
portation cost? Solve for the new optimal solution. St. Paul 80
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Forbelt has three plants that are capable of
producing the motors. The plants and their
production capacities (in thousands) follow.

Denver 100
Atlanta 100
Chicago 150

Because of varying production and transportation
costs, the profit Forbelt earns on each lot of

1,000 units depends on which plant produced

it and to which destination it was shipped. The
accounting department estimates of the profit

per unit (shipments are made in lots of 1,000 units)
are as follows:

Bookmaster: Value Chain Design

41 J’'m going to Bookmaster to buy a book,” Luke Chris

yelled as he walked out of his apartment. “I'll be back
in about ninety minutes,” he continued as his roommate
lay on the sofa after a hard night of partying. As he drove to
the bookstore he caught a red stoplight at the first highway
intersection. He always hated this intersection because the
light took four minutes to complete a cycle. After seven
traffic lights he arrived at the book store parking lot only to
find a city bus blocking the driveway entrance, so he parked
on the street and walked about one thousand feet to the
store entrance. At the store door, he encountered a lady in
awheel chair exiting the store so he patiently held the doors
opens for her and her friend. After his 30-minute ordeal to
get to the store he went up to the information booth, waited
until the current customer completed their query, and then
asked Millie, the customer relations associate (CRA), if they
had the book. After a quick search on the store’s computer
she said, “Yes, we have copies. The book is $89.95.”

“T'll take you to the book,” Millie said with a smile.
Upon wandering the aisles of books, she came to the shelf
where the book should be residing. But after a careful
search, the book was missing. The store computer said they
had two copies but they were not on the shelf as expected.
After an extended search only one Bookmaster store across
town had this book.

“Do you want to drive over there and get it,” Millie
asked again with a smile. “Or would you like me to order it
for you? It only takes a couple of days to get the book over

> <

to this store.” “No, I don’t want to drive over to that store—

it's 15 miles away,” Luke said with a sigh.

Shipped to
Produced at Boston Dallas Los Angeles St.Paul
Denver S7 S11 $8 $13
Atlanta $20 $17 $12 $10
Chicago $8 $18 $13 516

Given profit maximization as a criterion, Forbelt
would like to determine how many motors should
be produced at each plant and how many should
be shipped from each plant to each destination

to minimize total transportation costs. Formulate
a linear optimization model, implement it on a
spreadsheet, and use Excel Solver to find an
optimal solution.

As Luke began to walk out of the store Millie asked,
“Why don’t I check to see if an e-book exists?” After
examining the computer Millie said, “Yes, this book is in
digital form. It costs $9.95 as an e-book.” “Thanks, Mil-
lie, But I'll go back home and see if I can download it to
my computer. I don’t have an e-reader yet—they’re too
expensive—I'm a starving pre-med student. I could read
it on my cell phone but the screen is small,” Luke said as
he began the difficult journey driving back to his apart-
ment. “Yes, many students read textbooks on their cell
phone but it destroys their eyesight,” Millie proclaimed.
“True, so I'll have to read it on my personal computer,”
Luke said with a smile. (Pause)

“Uh, Uh, Millie, do you go to school here?” Luke
asked. “Yeah, I'm a sophomore in the business school,” she
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replied. “Any chance we could meet for lunch sometime?”
Luke asked with a lump in his throat. “Sure, here’s my cell
number,” as she handed Luke a piece of crumbled up paper
with her number on it. Luke walked out of the store think-
ing he would never have met Millie if he downloaded the
book in his apartment.

Case Questions for Discussion:

1. Draw the “bricks and mortar” process stages of the
value chain by which hard copy books are created,
produced, distributed, and sold in retail stores. How
does each player in the value chain make money?
(Hint: You can use the exhibits in previous chapters,

Boston Red Sox Spring Training Decision

v/ hew, I'm glad the town hall meeting is over.

The audience was hostile!” Tom Bourbon com-
mented as he was escorted by a police officer to his car
in the high school parking lot. The officer replied. “There
were over 1,000 people in the gymnasium, sir, and they
were in an uproar. Let’s get you out of here safely.”

Tom and the other City Council members had just
finished a town hall meeting open to the public to discuss
four alternative locations for a new $80 million baseball
stadium in Lee County, Florida. The City Council origi-
nally evaluated 16 sites and had arrived at the final four
locations. The new 10,000-seat ballpark also includes prac-
tice fields, batting cages, and weight rooms. The stadium
facility design and layout is to mimic the regular season
Fenway Park in Boston, Massachusetts. However, the new
park planned on “going green” by reducing energy con-
sumption, allocating a carpooling parking lot close to the
stadium to reduce patron traffic congestion and transpor-
tation costs and fuel use, and changing some of its work
practices.

The five board members of City Council have to
make a location decision in three weeks if they are to
meet the contractual requirements of previous agree-
ments. Once the stadium for spring training was com-
plete, the Red Sox would sign a 30-year lease. Two
economic impact studies indicated the stadium would
generate $25 to $40 million annually to the local econ-
omy and support thousands of jobs in airports, hotels,
restaurants, and retail stores.
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such as Exhibit 1.4, to help you identify major
stages in the value chain. The value chain begins
with suppliers.)

2. Draw the process stages for creating and download-
ing an e-book today. How does each player in this
new electronic/digital value chain make money?

3. Compare and contrast value chain design and
structure in the previous two questions from
customer and management viewpoints. What are
the advantages and disadvantage to each value
chain design?

4. What is the role of operations in each of these value
chain designs and structures?

The four possible locations were described as follows:

e Site A includes 241 acres and is big enough to build
a sports village; it is located next to a shopping mall
(denoted as 1 in Exhibit 6.12) and within 4 miles of
Florida Gulf Coast University and an 8,000-seat indoor
arena for events such as hockey and basketball games in
a second shopping mall (denoted as 2 in Exhibit 6.12).
The land cost to the City Council is $18 million.

e Site B includes 209 acres and is located between the two
shopping malls 1 and 2. The site is about 2 miles from
Florida Gulf Coast University. The land cost to the City
Council is $22 million.

¢ Site C includes 2,000 acres of wetlands and habitat for
animals. The area is within 3 miles of shopping mall
2 and Florida Gulf Coast University. The developer
planned to donate 100 acres to the city, so the stadium
land cost is free. The developer also offered to place
20 acres in a nature preserve for every acre that is
developed for commercial purposes.

e Site D includes 106 acres located close to the airport
and about 8 miles from the shopping mall 2 and Florida
Gulf Coast University. The airport also includes a
research park that hopes to attract high-tech industries
and jobs. The land cost to the City Council is
$22 million.

Exhibit 6.12 provides the coordinates for the population
centers and the four possible locations. The populations for the
five population centers are as follows: 1 (290,000), 2 (95,000),
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3(145,000), 4 (80,000), and 5 (120,000). Exhibit 6.13
summarizes the cost and judgments of the five City
Council members for each site. It was thought that
locating the Red Sox stadium close to the existing
retail malls, restaurants, hotels, Florida Gulf Coast
University, and the 8,000-seat indoor arena would
create a retail and leisure service cluster where all
could benefit. In the 10-month off-season for the
Red Sox stadium, for example, local, regional, and
national baseball clinics and tournaments could be
played using this cluster of assets. Another view-
point argued that locating the stadium next to the
airport would encourage commercial development
in this area, including the airport’s research park.

EXHIBIT 6.12 Location Grid for Boston Red Sox Spring Training Stadium Finalists

12 miles |
1-?5
11 H Population \ Population
Center 1 o Center 2

10 ite D

9 Airport

8 Population

Center 3
7 ite A
6 North Shopping
Mall 1

5

4 Site B

3 FGCU

Shopping Population
2 Mall 2 Center 5
Population )
1 Center 4 SIDE
0 1 2 3 4 5 6 7 8 9 10 11 12 miles
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EXHIBIT 6.13  Site Cost Estimates and Rankings for Boston Red Sox Spring Training Stadium Finalists

Cost/Criteria SiteA SiteB Site C

Stadium land cost $18 million $22 million $0 million $22 million
Additional utility cost $1 million $0.5 million $3 million $0.5 million
New road cost $2 million $0.5 million $15 million $2 million
Gain environmental group(s) endorsement Almost No No Yes

Traffic access and congestion Good Poor Poor Moderate
Utility, road, environment, and construction Ready Mostly Ready Not Ready Ready
permits ready to go (shortest permit time)

Long-term economic growth and development 4 3 4 5

around site (1 lowest to 5 highest/best)

Chance to preserve a huge area of the county Moderate Low High Low

Case Questions for Discussion:

You just finished your college’s spring semester and have
been working for the City Council as a summer intern. Your
major is Information Systems & Operations Management
(ISOM), and you want to earn a good recommendation from
your summer intern boss. Your boss asks you to build an
electronic spreadsheet model that scores, weights, and eval-
uates each quantitative and qualitative criterion and arrives
at a summary score for each stadium site. To organize your
analysis, you decide to answer the following questions:

1. Using the center-of-gravity model and Exhibit 6.12,
compute the center of gravity for the population
of the county. Show all computations, explain, and
justify. Based solely on this criterion, where is the
best stadium location?

2. Using a weighted scoring model of your own
design, what are the summary scores for each
stadium site for the qualitative criteria in

Integrative Case: Hudson Jewelers

he Hudson Jewelers case study available in MindTap
integrates material found in each chapter of this book.

Case Questions for Discussion:
1. Explain whether the global diamond supply chain

a push system or a pull system, and whether
the global diamond supply chain is an efficient
or responsive system for make-to-order and
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Exhibit 6.13? (You must decide how to scale and
weight each criterion and whether to include or
not include cost estimates.) Show all calculations
and explain your approach. You might wish to use
Excel to perform these calculations. The data in
Exhibit 6.12 are available in the Excel worksheet
Red Sox Case Data on MindTap.

How will you combine these results (your
center-of-gravity results, cost, and qualitative
criteria analyses)? How might you compute

a summary score for each site using all three
criteria? Explain and justify.

Research and explain at least three ways a sports
stadium can “go green,” including at least one
work practice for stadium employees. Do jobs
and processes have to change too? Explain the
role of OM.

. What is your final stadium recommendation?

Explain and justify.

make-to-stock jewelry. Provide some examples to
justify your reasoning.

. Research the extent of vertical integration in the

global (seven-stage) diamond supply chain? Provide
examples of forward and backward integration and
the extent to which this is practiced in today’s value
chain. In this industry, what is the impact of vertical
integration?
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Process Selection, Design,
and Improvement

LEARNING OBJECTIVES

After studying this chapter,
you should be able to:

Describe the four types
of processes used to
produce goods and
services.

Explain the logic and
use of the product-
process matrix.

Explain the logic and
use of the service-
positioning matrix.

Describe how to apply
process and value
stream mapping for
process design.

Explain the concept
of mistake proofing in
process and product
design for both goods
and services.

Explain how to improve
process designs using
process and value
stream maps.

This Ford plant in Wayne, Michigan, is the first to make gas, electric, hybrid, and plug-in hybrid vehicles

on the same production line.

Japanese automakers such as Toyota and Honda have
used flexible manufacturing for decades. Some produc-
tion lines can build six different models. Until recently,
American factories were designed to produce only one.
This is changing, as Ford retooled an inflexible sport
utility vehicle (SUV) factory in Wayne, Michigan, to
become an environmentally friendly workplace with
flexible manufacturing capability. The factory will be
the first facility in the world capable of building a wide
range of vehicles—gas-powered, electric, hybrid, and
plug-in hybrid—all on the same production line. This
allows rapid change to different models as consumer
wants and needs change.

174 PART TWO: Designing Operations and Supply Chains

To accomplish this, Ford's manufacturing team had
to redesign and program most of the 696 robots to weld a
variety of parts and get them to move in additional direc-
tions, recognize panels for different vehicles, grasp each
at the right points, and know exactly how to weld them.
Vehicles on the line ride on “skillets” that automatically
raise and lower to the ideal height at each station for the
task and model. The factory’s integrated stamping facil-
ity allows the stamping and welding of all large sheet
metal parts on-gsite. It also employs an efficient, synchro-
nous material flow in which parts and other components
move in kits to each operator, providing employees with
the tools they need in the sequence they will need them.
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CHAPTER 7: Process Selection, Design, and Improvement 1 75

The factory is not only flexible but environ- electric switcher trucks, which transport parts
mentally friendly—it runs on a blend of renewable between adjacent facilities, and the factory recy-
and conventional electricity. For example, it has cles everything from packing materials to water
10 electric vehicle charging stations that recharge bottles.!

WHAT DO YOU THINK?

Describe a situation that you have encountered in which a process was either well designed and enhanced your

customer experience, or poorly designed and resulted in dissatisfaction.

Choosing appropriate processes and designing them to

work effectively with each other is vital for an effective Process design is an
and efficient value chain and cannot be taken lightly. As important operational
the introductory example suggests, process design is an decision that affects
important operational decision that affects the cost of the cost of o perat ions,

operations, customer service, and sustainability. Com-
panies are just beginning to consider the environmental
impact of their processes and those of their customers.
See the box feature on Global Logistics and Sustainabil-
ity and Solved Problem 7.1.

customer service, and
sustainability.

71 Process Choice Decisions

Firms generally produce either in response to customer orders and demand or in anticipation
of them. This leads to three major types of goods and services: custom, option-oriented, and
standard.? Custom, or make-to-order, goods and services are generally produced and delivered
as one of a kind or in small quantities, and are designed to meet specific customers’ specifications. Examples
include ships, Internet sites, weddings, taxi service, estate plans, buildings, and surgery. Because
custom goods and services are produced on demand, the customer must wait for them, often

for a long time because the good or service must be designed, created, and delivered.
Option, or assemble-to-order, goods and services are configurations of standard parts,
subassemblies, or services that can be selected by customers from a limited set. Common examples are
Dell computers, Subway sandwiches, machine tools, and travel agent services. Although the
customer chooses how the goods and services are configured, any unique technical specifica-
tions or requirements cannot generally

In the future, pro- be accommodated.

. Standard, or make-to-stock,
cess managers will not . .
goods and services are made according to

onl y nee d to quanti fy a fixed design, and the customer has no options
the trade-offs among from which to choose. Appliances, shoes,

cost, qua 1 ity , time, sporting goods, credit cards, online Web-
and other pr iorities, based courses, and bus service are some
but also the carbon anticipation of customer demand and

footprint of their stocked in inventory, and therefore are usu-

processes. ally available, although in some cases the
proper color or size might be out of stock.

examples. Standard goods are made in
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Process Choice and
Sustainability

One example of a company that is focusing on
sustainable processes is Alfa Laval, a Swedish company
that provides goods and services to the energy, food,
refrigeration and cooling, water, and pharmaceuti-

cal industries in over 100 countries. Carbon dioxide
emissions from transporting Alfa Laval’s products
accounted for approximately 2 percent of its total
emissions. Its Global Transport Department analyzed
over 100,000 transactions to identify opportunities to
reduce emissions by shifting from airfreight to surface
(mainly ocean) transportation. The advantage of air-
freight had been that the inventory levels could be mini-
mized and a fast response to changing customer needs
could be assured. However, a thorough cost-benefit
analysis confirmed that increased inventory costs using
surface shipping were more than outweighed by the
carbon dioxide reduction and freight cost savings. The
move from air to surface shipping meant redesigning
and switching the ordering process for 32,000 order
lines per year. Switching to sea freight also required an

inventory buildup at distribution centers to ensure that delivery
performance to end customers would not suffer, along with major
changes to Alfa Laval’s processes. The process changes resulted in a
reduction of approximately 12 percent in inventory, carbon dioxide
emissions, and similar freight shipping savings.?

SOLVED PROBLEM 7.1: COMPUTING ENVIRONME

Clear Water Pool Service (CWPS) provides the maintenance
for over 7,000 pools in southwest Florida. In 2010, CWPS pur-
chased vehicle routing and scheduling software and a GPS
truck locator system. Before the use of the “smart system,’
CWPS’s vans and trucks drove 1.26 million miles to service
these pools on monthly and weekly appointment schedules.
After one year of using the “smart system,” CWPS reduced
total miles driven to 1.03 million miles by using better vehicle
routes from site to site, and using fewer vehicles. CWPS's
vehicles average 20 miles per gallon. Unleaded gasoline has
8.91 kilograms (19.643 Ib) of carbon dioxide (CO, ) per gallon,
and 1 metric ton equals 1,000 kilograms (kg), according to
government sources.

a. Find the number of gallons of gasoline saved annually.

b. How many metric tons of CO, did not go into the Earth’s
atmosphere because of CWPS using smart vehicle
scheduling and locator technology?

Solution:

a. By dividing number of miles saved by miles per gal-
lon, we get the number of gallons of gasoline saved
annually:

(1,260,000 — 1,030,000 3 miles/year)/(20 miles per gallon)
= 11,500 3 gallons saved/year.

b. By multiplying the number of gallons saved/year by 8.91
and dividing by 1,000, we get metric tons of CO, released
into the atmosphere:

(11,500 gallons saved/year)(8.91 kg of CO, per gallon)/
1,000 kg CO, per metric ton = 102.5 metric tons of CO,
not released into the atmosphere due to better vehicle
routing and scheduling.
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CHAPTER 7: Process Selection, Design, and Improvement

We note that manufacturing systems often use the terms make-to-order, assemble-to-order,
and make-to-stock to describe the types of systems used to manufacture goods. The terminology
is not as standardized in service industries, although the concepts are similar.

Four principal types of processes are used to produce goods and services:
Projects.
Job shop processes.

Flow shop processes.

el e

Continuous flow processes.

Projects are large-scale, customized initiatives that consist of many smaller tasks and activities that
must be coordinated and completed to finish on time and within budget. Some examples of projects are
legal defense preparation, construction, and software development. Projects are often used
for custom goods and services, and occasionally for standardized products such as “market
homes” that are built from a standard design.

Job shop processes are organized around particular types of general-purpose equipment that are
flexible and capable of customizing work for individual customers. Job shops produce a wide variety of
goods and services, often in small quantities. Thus, they are often used for custom or option
type products. In job shops, customer orders are generally processed in batches, and differ-
ent orders may require a different sequence of processing steps and movement to different
work areas.

Flow shop processes are organized around a fixed sequence of activities and process steps, such as
an assembly line, to produce a limited variety of similar goods or services. An assembly line is a common
example of a flow shop process. Many large-volume, option-oriented and standard goods and
services are produced in flow shop settings. Some common examples are automobiles, appli-
ances, insurance policies, checking account statements, and hospital laboratory work. Flow
shops tend to use highly productive, specialized equipment and computer software.

Continuous flow processes create
highly standardized goods or services, usually It is j_mp ortant to

around the clock in very high volumes. Examples understand pro duct

of continuous flow processes are automated

car washes, paper and steel mills, paint life cycles because

factories, and many electronic, infor- when g0o ds and ser-
mation-intensive services such as credit vices chan ge an d
card authorizations and security systems. mature, so must the

The sequence of work tasks is very rigid

and the processes use highly specialized, processes and value

automated equipment that is often con- chains that create and
trolled by computers with minimal human deliver them.

oversight.

Exhibit 7.1 summarizes these different process types and their characteristics.

A product life cycle is a characterization of product growth, maturity, and decline over time. Tt is
important to understand product life cycles because when goods and services change and
mature, so must the processes and value chains that create and deliver them.

The traditional product life cycle (PLC) generally consists of four phases—introduction,
growth, maturity, and decline and turnaround. A products life cycle has important implica-
tions in terms of process design and choice. For example, new products with low sales volume
might be produced in a job shop process; however, as sales grow and volumes increase, a flow
shop process might be more efficient. As another example, a firm might introduce a standard
product that is produced with a flow shop process, but as the market matures, the product
might become more customized. In this case, a job shop process might be more advantageous.
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Rethinking Airplane NManufacturing

Processes

Airplane manufacturing is typically performed on a project
basis where volumes are lower and airlines demand more
customization. However, as demand is rising rapidly, Boeing

is rethinking this paradigm. Boeing plans to use newer, more
standardized manufacturing techniques for its new 777X jet-
liner, paving the way for significant savings as it gradually feeds
the changes back into existing assembly lines. The approach
will draw increasingly on lessons learned from outside the
aerospace industry. Boeing hired an executive from Toyota who
observed, “If we can develop a system where we have direct
deliveries to our lines and in an orientation which our opera-
tors will use to simply secure instead of handling parts, we have
tremendous opportunities.” Improving the sequencing of parts
reduces inventory, eases cash flow, and requires less space,
thus lowering overhead. One Boeing executive noted: “We've

EXHIBIT 7.1  Characteristics of Different Process Types

Type of Process  Characteristics

gone to a single moving line, and even though it goes one inch
per half-hour, it's a moving line and it is the same concept as
Toyota. We (put everything that is needed in kits). We make it
very visible. We deliver things right to the side, and before we
had mechanics running all over the factory getting parts."

Jordan Tan/Shutterstock.com

Goods and Services Examples Type of Product

PROJECT One of a kind

Large scale, complex
Resources brought to the site
Wide variation in specifications or tasks

JOB SHOP Significant setup and/or changeover time

Low to moderate volume
Batching (small to large jobs)

Many process routes with some repetitive steps
Customized design to customer’s specifications
Many different products

High workforce skills

FLOW SHOP Little or no setup or changeover time

Dedicated to a small range of goods or services
that are highly similar

Similar sequence of process steps
Moderate to high volumes

CONTINUOUS FLOW  Very high volumes in a fixed processing sequence
Not made from discrete parts
High investment in equipment and facility
Dedicated to a small range of goods or services

Automated movement of goods or information
between process steps

24-hour/7-day continuous operation

Space shuttle, cruise ships, small business tax
service, consulting

Dams, bridges, skyscrapers
Skyscrapers, weddings, consulting

Custom jewelry, surgery, Web pages

Automobile engines, auto body repair, major Custom or
legal cases ake-to—?krder

Machine tools, beauty salons

Orders from small customers, mortgages, tourist
tour groups

Shoes, hospital care, commercial loans
Commercial and Web-based printing
Heavy equipment, financial services

Legal services, consulting v

Insurance policies Option or

Cafeterias, airline frequent flyer programs Assemble-
to-Order

Refrigerators, stock trades

Toys, furniture, lawnmowers

Gasoline, paint, memory chips, check posting Standardized or

Grain, chemicals Make-to-Stock

Steel, paper, power-generating facilities
Automated car wash
Credit card authorizations, electric utilities

Steel, electronic funds transfer, broadcasting
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What often happens in many firms is that product strategies change, but managers do not
make the necessary changes in the process to reflect the new product characteristics.

Two approaches to help understand the relationships between product characteristics for
goods and services and process choice decisions are the product-process matrix and service-
positioning matrix, which we introduce in the following sections.

72 The Product-Process Matrix

The product-process matrix was first proposed by Hayes and Wheelwright and is shown in
Exhibit 7.2.% The product-process matrix is a model that describes the alignment of process choice
with the characteristics of the manufactured good. The most appropriate match between type of
product and type of process occurs along the diagonal in the product-process matrix. As one
moves down the diagonal, the emphasis on both product and process structure shifts from
low volume and high flexibility to higher volumes and more standardization. If product and
process characteristics are not well matched, the firm will be unable to achieve its competi-

tive priorities effectively.

EXHIBIT 7.2 Product-Process Matrix

OPERATIONS
Process Choice Decision
with Example Process
Characteristics

e One of a kind
e | arge scale
e Complex

* \Wide variation of tasks Off the
® Resources to site Diagonal
Position B

e High setup time

e Batching

e Many process routes

e Customized

e Many different products
e General high level skills

e | ow/no setup time

e Highly similar products
e Dominant line flow(s)
e Specialized skills

Off the

Job Shops

Continuous

* High investment in Diagonal
equipment and facility Position A Flow
* Not made from discrete
parts
® Automated
e 24/7 continuous operation
e Demand (volume) Low Moderate High
e Degree of customization High Moderate Low
® Number/range of products Low Many/Multiple Several
e Type of goods Custom Options Standardized

Make-to-Order

Assemble-to-Order Make-to-Stock

MARKETING Product Characteristic/Decisions
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For example, consider a firm that manufactures only a few products with high volumes
and low customization using a flow shop process structure. This process choice best matches
the product characteristics. However, suppose that as time goes on and customer needs
evolve, marketing and engineering functions develop more product options and add new
products to the mix. This results in a larger number and variety of products to make, lower
volumes, and increased customization. The firm finds itself “off the diagonal” and in the lower
left-hand corner of the matrix (denoted by Position A in Exhibit 7.2). There is a mismatch
between product characteristics and process choice. If the firm continues to use the flow shop
process, it may find itself struggling to meet delivery promises and incur unnecessary costs
because of low efficiencies.

On the other hand, by selectively and consciously positioning a business off the diagonal
of the product-process matrix (often called a “positioning strategy”), a company can differenti-
ate itself from its competitors. However, it must be careful not to get too far off the diagonal,
or it must have a market where high prices absorb any operational inefficiencies. For example,
Rolls-Royce produces a small line of automobiles, using a process similar to a job shop rather
than the traditional flow shop of other automobile manufacturers. Each car requires about
900 hours of labor. For Rolls-Royce this strategy has worked, but its target market is willing
to pay premium prices for premium quality and features.

The theory of the product-process matrix has been challenged by some who suggest that
advanced manufacturing technologies may allow firms to be successful even when they posi-
tion themselves off the diagonal. These new technologies provide manufacturers with the
capability to be highly flexible and produce lower volumes of products in greater varieties
at lower costs. Therefore, off-diagonal positioning strategies are becoming more and more
viable for many organizations and allow for “mass-customization” strategies and capabilities.®

73 The Service-Positioning Matrix

The product-process matrix does not transfer well to service businesses and processes.™
The relationship between volume and process is not found in many service businesses. For
example, to meet increased volume, service businesses such as retail outlets, banks, and hotels
have historically added capacity in the form of new stores, branch banks, and hotels to meet
demand but they do not change their processes. These limitations are resolved by intro-
ducing the service-positioning matrix. To better understand it, we first discuss the concept of
a pathway in a service-delivery system.

A pathway is a unique route through a service system. Pathways can be customer driven or
provider driven, depending on the level of control that the service firm wants to ensure.
Pathways can be physical in nature, as in walking around Disney World or a golf course;

Becton Dickinson: 0ff the Diagonal

Becton Dickinson (BD) is the leading producer of needle devices for the medical industry. Spring-loaded IV catheters have 12 parts,
assembled in an automated process with 48 steps carried out at incredibly fast speeds. Instead of using one long assembly line, BD's Utah
plant uses a production system that makes it relatively easy to modify a product by altering or adding subassembly stations. BD's manu-
facturing process choice is somewhat of off the diagonal of the product-process matrix, producing multiple products in high volumes

in more-or-less a continuous flow pattern. A simple product design and a high degree of automation helped BD work off the product-
process diagonal. This strategy helps the company to continue to hold and grow its market share in a highly competitive industry.
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procedural, as in initiating a transaction via the telephone with a brokerage firm; or purely
mental and virtual, as in doing an Internet search. Customer-routed services are those that
offer customers broad freedom to select the pathways that are best suited for theirimmediate needs and wants
from many possible pathways through the service delivery system. The customer decides what path
to take through the service-delivery system with only minimal guidance from management.
Searching the Internet to purchase an item or visiting a park are examples.

Provider-routed services constrain customers to follow a very small number of possible and pre-
defined pathways through the service system. An automatic teller machine (ATM) is an example. A
limited number of pathways exist—for example, getting cash, making a deposit, checking an
account balance, and moving money from one account to another. Mailing and processing
a package using the U.S. Postal Service, Federal Express, or UPS is another example of a
provider-routed service.

Designs for customer-routed services require a solid understanding of the features that
can delight customers, as well as methods to educate customers about the variety of pathways
that may exist and how to select and navigate through them.

The service-positioning matrix (SPM), as shown in Exhibit 7.3, is roughly analogous to the
product-process matrix for manufacturing. The SPM focuses on the service-encounter level

EXHIBIT 7.3 The Service-Positioning Matrix

Customer’s Service-
Encounter Activity Sequence

Unique
Not Repeatable

Highly
Repeatable

~€—— Many

Few ———

Fulfillment of
Customer Wants

Customer wants a high
degree of freedom and

Customer wants a
moderate degree of

Customer wants a low
degree of freedom and

and Needs decision-making power | freedom and decision- decision-making power
to select a service- making power to select | to select a service-
encounter activity a service-encounter encounter activity
sequence activity sequence sequence
Management- Unique, never-to-be- Low to moderately Highly repeatable
Designed repeated service- repeatable service- service-encounter

Service System
Characteristics

encounter activity
sequence

encounter activity
sequence

activity sequence

* Many customer
pathways

* Management
designs a low
degree of control
into the service
system

-
'S5 EE * Moderate number
m oo

w o E of customer

P S pathways

HER- e Management

= @© .

5 S = designs a moderate
- a2 degree of control

= 2 c into the service

o £ oo

-g S ﬁ system

S EQ

=

Limited number

of customer pathways
Management

designs a high

degree of control

into the service
system

Customer-

Routed

Provider-

Routed

Sources: Adapted from D. A. Collier and S. M. Meyer, “A Service Positioning Matrix," International Journal of Operations and Production Management, 18,
no. 12, (1998) pp. 1123-1244. Also see D. A. Collier and S. Meyer, "An Empirical Comparison of Service Matrices,’ International Journal of Operations and
Production Management, 20, no. 5-6 (2000), pp. 705-729.
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Apple: New Design Requires New Processes

When Apple introduced a redesigned line of MacBooks that featured precision uni-
body enclosures milled from an extruded block of aluminum that improved rigidity
and durability, and also resulted in a thinner design, it needed to develop an entirely
new process. The process started with an extruded block of aluminum that was carved
out using computer numerical control (CNC) machines, similar to processes used in
the aerospace industry. The aluminum sheets were cut into blocks that underwent

13 separate milling operations. Apple used CNC to precision-cut keyboard holes from
the face of the slab, mill out the “thumbscoop” that provides enough of a recession

to open the display lid, machine out complex patterns from the inside, and perforate
the speaker grill holes using lasers. Once the inside was precision cut, the edges were
rounded and polished. The material machined from the aluminum block was collected
and recycled.’

mama_mia/Shutterstock.com

and helps management design a service system that best meets the technical and behavioral
needs of customers. The position along the horizontal axis is described by the sequence of
service encounters. The service-encounter activity sequence consists of all the process steps and
associated service encounters necessary to complete a service transaction and fulfill a customer’s wants and
needs. It depends on two things:

1. The degree of customer discretion, freedom, and decision-making power in selecting
the service-encounter activity sequence. Customers may want the opportunity to design
their own unique service-encounter activity sequence, in any order they choose.

2. The degree of repeatability of the service-encounter activity sequence. Service-
encounter repeatability refers to the frequency that a specific service-encounter activity
sequence is used by customers. Service-encounter repeatability provides a measure
analogous to product volume for goods-producing firms.

The more unique the service encounter, the less repeatable it is. A high degree of repeat-
ability encourages standardized process and equipment design and dedicated service channels,
and results in lower costs and improved efficiency. A low degree of repeatability encourages
more customization and more flexible equipment and process designs, and typically results
in higher relative cost per transaction and lower efficiency.

The position along the vertical axis of the SPM reflects the number of pathways built into
the service system design by management. That is, the designers or management predefine
exactly how many pathways will be possible for the customer to select, ranging from one to
an infinite number of pathways.

The SPM is similar to the product-process matrix in that it suggests that the nature of the
customer’s desired service-encounter activity sequence should lead to the most appropriate
service system design and that superior performance results by generally staying along the
diagonal of the matrix. Like the product-process matrix, organizations that venture too far off
the diagonal create a mismatch between service system characteristics and desired activity
sequence characteristics. As we move down the diagonal of the SPM, the service-encounter
activity sequence becomes less unique and more repeatable with fewer pathways. Like the
product-process matrix, the midrange portion of the matrix contains a broad range of inter-
mediate design choices.
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7-4 Process Design

The goal of process design is to create the right combination of equipment, labor, software,
work methods, and environment to produce and deliver goods and services that satisfy
both internal and external customer requirements. Process design can have a significant
impact on cost (and hence profitability), flexibility (the ability to produce the right types
and amounts of products as customer demand or preferences change), and the quality of
the output.

We can think about work at four hierarchical levels:

Task.
Activity.

Process.

el

Value chain.

A taslk is a specific unit of work required to create an output. Examples are inserting a circuit
board into an iPad subassembly or typing the address on an invoice. An activity is a group
of tasks needed to create and deliver an intermediate or final output. Examples include all the tasks
necessary to build an iPad; for example, connecting the battery and assembling the cover
pieces, or inputting all the information correctly on an invoice, such as the items ordered,
prices, discounts, and so on. An example of a process would be manufacturing an iPad or
fulfilling a customer order. The value chain for an iPad would include acquiring the materials
and components, manufacturing and assembly, distribution, retail sales, and face-to-face and
Web-based customer support.

Exhibit 7.4 shows an example for the production of antacid tablets. The value chain shows
an aggregate view focused on the goods-producing processes (supporting services such as engi-
neering, shipping, accounts payable, advertising, and retailing are not shown). The next level in
the hierarchy of work is at the production process level where tablets are made. The third level
focuses on the mixing workstation (or work activities) where the ingredients are unloaded into
mixers. The mixer must be set up for each batch and cleaned for the next batch because many
different flavors, such as peppermint, strawberry-banana, cherry, and mandarin orange, are pro-
duced using the same mixers. The fourth and final level in the work hierarchy is the flavoring
tasks, which are defined as three tasks, each with specific procedures, standard times per task, and
labor requirements. These three tasks could be broken down into even more detail if required.

7-4a Process and Value Stream Mapping

Understanding process design objectives focuses on answering the question: What is the pro-
cess intended to accomplish? An example process objective might be “to create and deliver
the output to the customer in 48 hours.” Another key question to consider is: What are the
critical customer and organizational requirements that must be achieved?

Designing a goods-producing or service-providing process requires six major activities:

1. Define the purpose and objectives of the process.

2. Create a detailed process or value stream map that describes how the process is cur-
rently performed (sometimes called a current state or baseline map). Of course, if you
are designing an entirely new process, this step is skipped.

3. Evaluate alternative process designs. That is, create process or value stream maps
(sometimes called future state maps) that describe how the process can best achieve
customer and organizational objectives.

4. Identify and define appropriate performance measures for the process.
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IBIT 7.4  The Hierarchy of Work and Cascading Flowcharts for Antacid Tablets
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5. Select the appropriate equipment and technology.

6. Develop an implementation plan to introduce the new or revised process design. This
includes developing process performance criteria and standards to monitor and control
the process.

Still Waiting for Your Luggage?

Airlines have been working to redefine their customer benefit packages. Since
2010, Alaska Airlines has offered a 20-minute baggage guarantee:

If your bags are not at baggage claim within 20 minutes of your plane’s
arrival at the gate, we'll offer you a $25 Discount Code for use on a future
Alaska Airlines flight, or 2,500 Alaska Airlines Mileage Plan™ Bonus Miles.

In the rare instance that we don’t meet our 20-minute guarantee, just get
ahold of us within 2 hours of your flight’s arrival for your discount code

or Miles. You can reach out to us on Twitter @alaskaair, call our customer
service center, or simply come and speak with one of our Customer Service
Agents at the airport.

monticello/Shutterstock.com

Could your preferred airline do this without improving their operations and
baggage-handling processes?™
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A process map (flowchart) describes the sequence of all process activities and tasks necessary
to create and deliver a desired output or outcome. Tt documents how work either is or should be
accomplished, and how the transformation process creates value. We usually first develop
a “baseline” map of how the current process operates in order to understand it and identify
improvements for redesign.

Process maps delineate the boundaries of a process. A process boundary is the beginning
or end of a process. The advantages of a clearly defined process boundary are that it makes it
easier to obtain senior management support, assign process ownership to individuals or teams,
identify key interfaces with internal or external customers, and identify where performance
measurements should be taken. Thus, each of the levels in Exhibit 7.4 represents a process
map defining different process boundaries. Exhibit 7.5 shows a flowchart for an automobile
repair process using the typical symbols used for process maps. Process maps clearly delineate
the process boundaries.

In service applications, flowcharts generally highlight the points of contact with the cus-
tomer and are often called service blueprints or service maps. Such flowcharts often show the
separation between the back office and the front office with a “line of customer visibility,”
such as the one shown in Exhibit 7.5.

Non-value-added activities such

as transferring materials between two | E]14iminat ing non-value-
nonadjacent workstations, waiting for . e . .

) & added activities in a
for a low-cost electronic transaction sim- process desi gn 1s one
ply lengthen processing time, increase of the most important
costs, and often increase customer frus- respons ibilitieg of

traFu')r’l. ]?lhmmatmg nQn—v'alue—added operations managers.
activities in a process design is one of the

service, or requiring multiple approvals

most important responsibilities of opera-
tions managers. This is often accomplished using value stream mapping, a variant of more
generic process mapping.

The value stream refers to all value-added activities involved in designing, producing, and delivering
goods and services to customers. A value stream map (VSM) shows the process flows in a manner
similar to an ordinary process map; the difference lies in that value stream maps highlight
value-added versus non-value-added activities and include costs associated with work activities
for both value- and non-value-added activities.

To illustrate this, consider a process map for the order fulfillment process in a restau-
rant, as shown in Exhibit 7.6. From the times on the process map, the “service standard”
order posting and fulfillment time is an average of 30 minutes per order (5 + 1 + 4 + 12
+ 3 + 5). The restaurant’s service guarantee requires that if this order posting and fulfill-
ment time is more than 40 minutes, the customer’s order is
free of charge.

The chef’s time is valued at $30 per hour, oven opera-
tion at $10 per hour, precooking order waiting time at $5 per
hour, and postcooking order waiting time at $60 per hour.
The $60 estimate reflects the cost of poor quality for a din-
ner waiting too long that might be delivered to the customer
late (and cold).

Exhibit 7.7 illustrates a value stream map for the order
posting and fulfillment process in Exhibit 7.6. Exhibit 7.7 is
one of many formats for value stream mapping. Here, non-
value-added time is 33.3 percent (10/30 minutes) of the total
order posting and fulfillment time, and non-value-added cost

Evgeny Litvinov/Shutterstock.com
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EXHIBIT 7.5 Automobile Repair Flowchart
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Source: David A. Collier, The Service/Quality Solution, copublished by Irwin Professional Publishing, Burr Ridge, lllinois, and American Society of Quality, ASQ Quiality Press,

Milwaukee, Wisconsin, 1994, p. 120.

is 31.7 percent ($5.417/$17.087) of total cost. Suppose that a process improvement incorpo-
rates wireless technology to transmit food orders to the kitchen and notify the waiter when
the order is ready so that the waiting time can be reduced from 10 minutes to 4 minutes on
the front and back ends of the process. Hence, the total processing time is reduced from 30
to 24 minutes (a 20 percent improvement). Costs are reduced by $3.25 with a three-minute
wait time reduction on the front and back ends of the process. Therefore, cost per order goes
from $17.087 to $13.837 (a 19 percent improvement). Increasing the speed of this part of
the restaurant delivery process may also allow for a higher seat turnover during peak demand
periods, thus helping to increase total revenue and contribute to profit and overhead.
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EXHIBIT 7.6  Restaurant Order Posting and Fulfillment Process

Chef
prepares
Waiter pl side dishes
cU:::,:.zranﬁ:; Chef picks up Yes Chefstages / 12 minutes \
order and checks
order on order Order “is it accurate?” raw mfterlal— @
board—a.ssume - el 4 \ /
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10 minutes
Order
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No—recheck with waiter

Prepared
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EXHIBIT 7.7 Value Stream Map for Restaurant Order Posting and Fulfillment Process

Value-Added Activities (VA) Non-Value-Added Activities (NVA)

Waiter picks up
customer order—
assume zero time

Chef assembles
@ order—
3 minutes

Order waits on order board @
(5 minutes per order) X (1 hr/60 min) X
($5 per hour) = $0.417

Chef picks up order and checks “Is it
accurate?” @ (1 minute per order) X

(1 hr/60 min) X ($30 per hour) = $0.50
If order is accurate, chef stages raw
materials @ (4 minutes per order) X

(1 hr/60 min) X ($30 per hour) = $2.00
Chef cooks meal using ovens @

(12 minutes per order) X

(1 hr/ 60min) X ($30 per hour) = $6.00
labor cost (10 minutes per order) X
(1 hr/60 min) X ($10/hour oven cost) =

$1.67 equipment cost
Total labor + Oven cost = $7.67

Chef assembles order @ (3 minutes per
order) X (1 hr/60 minutes) X ($30 per

hour) = $1.50

Prepared order waits for waiter
to pick up customer's order @

(5 minutes per order) X (1 hr/60
min) X ($60 per hour) = $5.00

Total Time = 20 minutes (VA time) + 10 minutes (NVA time) = 30 minutes
Total Cost = $11.67 (VA cost) + $5.417 (NVA cost) = $17.087
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Break-even analysis is a simple approach to analyze profit or loss, or to make an economical
choice between two options that vary with volume. Supplement C provides a short tutorial on
break-even analysis, and we suggest that you review this before studying the Solved Problem 7.2.

SOLVED PROBLEM 7.2: EVALUATING PROCESS IMPROVEMENT USING

BREAK-EVEN ANALYSIS

The manager of a credit card process for a regional bank must decide between two process improvement programs. The current
credit card process includes producing and mailing the plastic credit cards to customers. The current process incurs a fixed cost of
$480,000 per year with a variable cost per card of $7.34. Annual production is 12,050,000 cards.

Process improvement plan A requires the process to be simplified from 42 to 30 work tasks. The fixed cost of plan A
increases to $610,000 due to added software updates and equipment purchases. The variable cost of plan A is expected to
be $6.90 per card.

Process improvement plan B automates much of the plastic card production by buying a machine that requires only one opera-
tor and is computer controlled. It increases the fixed cost to $1,130,000 and the variable cost decreases to $6.50 per card. Mainte-
nance and repair of this machine are critical; if it is inoperable, even for a few hours, the entire credit card process stops.

a.  Whatis the total cost of the current process and the two improvement plans A and B?

b. What do you recommend the bank do?

c¢.  What s the internal profitability of this bank process if the internal transfer price is two percent higher than the vari-

able cost per card for the option you recommend?
Solution:
a. Using formulas (C.1) and (C.7) in Supplement C, we have
Total cost (TC) = Fixed cost (FC) + Unit cost (C) X Quantity (Q) (C.1)
TC =FC. +C. XQ= $480,000 + $7.34(12,050,000) = $88,927,000

Current

TC, =FC, + C, X Q = $610,000 + $6.90(12,050,000) = $83,755,000
TC, = FC, + C, X Q = $1,130,000 + $6.50(12,050,000) = $79,455,000

Cost difference (D) = Total cost process A (TC,) - Total cost process B (TC)) (C7)
D =$83,755,000 - $79,455,000 = $4,300,000

Exhibit 7.8 shows the Excel Break-Even template from MindTap for these calculations.

EXHIBIT 7.8  Comparison of Process Improvement Plan A and B Costs Using the Excel Break-Even Template

(]
=

4 |Technology Choice Decision

5 Quantity 12,050,000
E a0

7 |Option A

8 Fixed cost $610,000.00
g Unit cost 56.90)
10

11 |Option B

12 Fixed cost| $1,130,000.00|
13 Unit cost 86.50
14

a5 | Total Cost Option A| $83,755,000.00
16 Total Cost Option B| $79,455,000.00]
17 | Cost difference (Option A - Option B)| $4,300,000.00|
18 Economical Decision Option B
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b. What do you recommend the bank do?
Process improvement plan B is least expensive at $79,455,000 and should be chosen; the best economical decision is
also provided in the Excel template. In addition, Plans A or B have a lower total costs than the cost of the current process,
which is $88,927,000. The manager should make sure that machine maintenance and repair services are readily available
and possibly in-house. If in-house, fixed and/or variable costs may increase and require the computations to be
redone.

c. What is the internal profitability of this bank process if the internal transfer price is two percent higher than the variable cost per
card for the option you recommend?

Internal transfer price for plan B = $6.50%1.02 = $6.63 per card

Using the Excel template shown in Exhibit 7.9, the internal profitability of adopting process improvement plan B = $436,500

EXHIBIT 7.9  Profitability of Process Improvement Plan B Using the Excel Break-Even Template

A B
4 |Profitability Analysis
5 | Quantity 12,050,000
6
7 |Cost
8 Fixed cost| $1,130,000.00|
g Unit cost 56.50
10
11
12 |Revenue
13 Unit revenue S6.63
14
15 Total Cost| 579,455,000.00|
16 Total Revenue| $79,891,500.00|
17 Net Profit 5436,500.00|
18 Profit or Loss Profit]

75 Mistake-Proofing Processes

Human beings tend to make mistakes inadvertently. Typical mistakes in production are omit-
ted steps in a process, setup errors, missing parts, wrong parts, or incorrect adjustments. Such
errors can arise from the following factors:

Forgetfulness due to lack of reinforcement or guidance.

Misunderstanding or incorrect identification because of the lack of familiarity with a
process or procedures.

Lack of experience.

Absentmindedness and lack of attention, especially when a process is automated.
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Blaming workers not only discourages them and lowers morale, but usually does not address
the source of the problems, which is usually in the system.
Preventing mistakes can be done in three ways:

1. Designing potential defects and errors out of the process. Clearly, this approach is the
best because it eliminates any possibility that the error or defect will occur and will not
result in rework, scrap, or wasted time.

2. Identifying potential defects and errors and stopping a process before they occur.
Although this approach prevents defects and errors, it does result in some
non-value-added time.

3. Identifying defects and errors soon after they occur and quickly correcting the process.
This can avoid large amounts of costly defects and errors in the future, but does result
in some scrap, rework, and wasted resources.

Good design can eliminate many defects and errors, but still cannot account for the human
factor.

Poka-yoke (POH-kah YOH-kay) is an approach for mistake-proofing processes using
automatic devices or simple methods to avoid human error. Poka-yoke is focused on two
aspects: (1) prediction, or recognizing that a defect is about to occur and providing a
warning and (2) detection, or recognizing that a defect has occurred and stopping the
process.

Many applications of poka-yoke are deceptively simple, inexpensive to implement, and are
often quite creative. Some examples are given next:

Many machines have sensors that would be activated only if the part was placed in the
correct position.

A device on a drill counts the number of holes drilled in a work piece; a buzzer sounds
if the work piece is removed before the correct number of holes has been drilled.
Computer programs display a warning message if a file that has not been saved is to be
closed.

Passwords set for web accounts are entered twice.

Poka-Yoke for Consumer Safety

Many poka-yokes are designed for consumer safety. For
example, you can't start a lawn mower unless the handle bar
is held. In some automobiles, you cannot enter information
for GPS directions while the vehicle is in motion. Collision
avoidance systems use radar to determine whether the car is
approaching another vehicle too fast. If it senses that a colli-
sion might occur, it activates a buzzer and a warning light. If
the driver doesn’t slow down, then the seatbelt retracts and
the brakes are applied lightly. If it determines that a collision
will occur, then both the seatbelt retraction and the brakes
are strongly applied.!!

ambrozinio/Shutterstock.com
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Orders for critical aircraft parts use pre-fit foam forms that only allow the correct part
to be placed in them, ensuring that the correct parts are shipped.

Associates at Amazon sort products into bins that weigh them and compare the weight
to the order; if there is an inconsistency, the associate is prompted to verify the items.

Richard B. Chase and Douglas M. Stewart suggest that the same concepts can be applied to
services.'? The major differences are that service mistake-proofing must account for the customers’
activities as well as those of the producer, and for interactions between the customer and provider.
Chase and Stewart classify service poka-yokes by the type of error they are designed to prevent:
server errors and customer errors. Server errors result from the task, treatment, or tangibles of the
service. Customer errors occur during preparation, the service encounter, or during resolution.
The following list summarizes the typical types of service errors and related poka-yokes.

Task errors include doing work incorrectly, work not requested, work on the wrong
order, or working too slowly. Some examples of poka-yoke devices for task errors are
computer prompts, color-coded cash register keys, measuring tools such as a French-
fry scoop, and signaling devices. Hospitals use trays for surgical instruments that have
indentations for each instrument, preventing the surgeon from leaving one of them in
the patient. Simple checklists are often used; for example, LifeWings, a company that
applies flight-tested safety lessons from the aviation industry to medicine, works with
medical teams to create standardized lists of activities for every procedure.'
Treatment errors arise in the contact between the server and the customer, such as lack
of courteous behavior, and failure to acknowledge, listen, or react appropriately to the
customer. A bank encourages eye contact by requiring tellers to record the customer’s
eye color on a checklist as they start the transaction. To promote friendliness at a fast-
food restaurant, trainers provide the four specific cues for when to smile: when greet-
ing the customer, when taking the order, when telling about the dessert special, and
when giving the customer change. They encourage employees to observe whether the
customer smiled back, a natural reinforcer for smiling.

Tangible errors are those in physical elements of the service, such as unclean facilities,
dirty uniforms, inappropriate temperature, and document errors. Hotels wrap paper
strips around towels to help the housekeeping staff identify clean linen and show which
ones should be replaced. Spell-checkers in word processing software help reduce docu-
ment misspellings (provided they are used!).

Customer errors in preparation include the failure to bring necessary materials to the
encounter, to understand their role in the service transaction, and to engage the cor-
rect service. A computer manufacturer provides a flowchart to specify how to place a
service call. By guiding the customers through three yes-or-no questions, the flowchart
prompts them to have the necessary information before calling.

Customer errors during an encounter can be due to inattention, misunderstanding,

or simply a memory lapse, and include failure to remember steps in the process or to
follow instructions. Poka-yoke examples include height bars at amusement rides that
indicate rider size requirements, beepers that signal customers to remove cards from
ATM machines, and locks on airplane lavatory doors that must be closed to turn on the
lights. Some cashiers at restaurants fold back the top edge of credit card receipts, hold-
ing together the restaurant’s copies while revealing the customer’s copy.

Customer errors at the resolution stage of a service encounter include failure to signal
service inadequacies, to learn from experience, to adjust expectations, and to execute
appropriate post-encounter actions. Hotels might enclose a small gift certificate to
encourage guests to provide feedback. Strategically placed tray-return stands and trash
receptacles remind customers to return trays in fast-food facilities.
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76 Process Improvement

Few processes are designed from scratch. Many process design activities involve redesign-
ing an existing process to improve performance. Management strategies to improve process
designs usually focus on one or more of the following:

increasing revenue by improving process efficiency in creating goods and services and
delivery of the customer benefit package;

increasing agility by improving flexibility and response to changes in demand and cus-
tomer expectations;

increasing product and/or service quality by reducing defects, mistakes, failures, or
service upsets;

decreasing costs through better technology or elimination of non-value-added
activities;

decreasing process flow time by reducing waiting time or speeding up movement
through the process and value chain; and

decreasing the carbon footprint of the task, activity, process, and/or value chain.

Process and value stream maps are the foundation for improvement activities. Typical ques-
tions that need to be evaluated during process analysis include:

1. Are the steps in the process arranged in logical sequence?

2. Do all steps add value? Can some steps be eliminated, and should others be added in
order to improve quality or operational performance? Can some be combined? Should
some be reordered?

3. Are capacities of each step in balance; that is, do bottlenecks exist for which customers
will incur excessive waiting time?

4. What skills, equipment, and tools are required at each step of the process? Should
some steps be automated?

5. At which points in the system (sometimes called process fail points) might errors occur
that would result in customer dissatisfaction, and how might these errors be corrected?

6. At which point or points in the process should performance be measured? What are
appropriate measures?

7. Where interaction with the customer occurs, what procedures, behaviors, and
guidelines should employees follow that will present a positive image?

8. What is the impact of the process on sustainability? Can we quantify the carbon
footprint of the current process?

Sometimes, processes grow so complex that it is easier to start from a “clean sheet”
rather than try to improve incrementally. Reengineering has been defined as “the fundamental
rethinking and radical redesign of business processes to achieve dramatic improvements in critical, contem-
porary measures of performance, such as cost, quality, service, and speed.”*

Reengineering was spawned by the revolution in information technology and involves
asking basic questions about business processes: Why do we do it? Why is it done this way?
Such questioning often uncovers obsolete, erroneous, or inappropriate assumptions. Radical
redesign involves tossing out existing procedures and reinventing the process, not just incre-
mentally improving it. The goal is to achieve quantum leaps in performance. All processes
and functional areas participate in reengineering efforts, each requiring knowledge and skills
in operations management.
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Some good examples of reengineering

are provided below:

Intel Corporation had previously
used a 91-step process costing
thousands of dollars to purchase
ballpoint pens—the same process
used to purchase forklift trucks! The
improved process was reduced to
eight steps.

In rethinking its purpose as a
customer-driven, retail service com-
pany, rather than a manufacturing
company, Taco Bell eliminated the
kitchen from its restaurants. Meat
and beans are cooked outside the
restaurant at central commissar-

ies and reheated. Other food items
such as diced tomatoes, onions, and
olives are prepared off-site. This
innovation saved about 11 million
hours of work and $7 million per
year over the entire chain.'
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NMetro Health Hospital:
Process NMapping Improves
Pharmacy Service

Metro Health Hospital in Grand Rapids, Michigan, applied process mapping,
reducing the lead time for getting the first dose of a medication to a patient in
its pharmacy services operations. The lead time was measured from the time an
order arrived at the pharmacy to its delivery on the appropriate hospital floor. A
process-improvement team carefully laid out all the process steps involved and
found that the pharmacy had a 14-stage process with some unnecessary steps,
resulting in a total lead time of 166 minutes. During the evaluation process, the
pharmacy calculated that technicians were spending 77.4 percent of their time
locating products; when a pharmacist needed a technician for clinical activities,
the technician was usually off searching for a drug. The team outlined several
non-value-added steps in the process, only one of which was out of the phar-
macy’s control (i.e., the time it took to transport the ordered medication, once
filled, to the appropriate floor). Overall, the pharmacy at Metro realized a

33 percent reduction in time to get medications to patients, and reduced the
number of process steps from 14 to 9 simply by removing non-value-added
steps. Patients have experienced a 40 percent reduction in pharmacy-related
medication errors, and the severity of those errors has decreased.'®
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Describe the four types of processes used to produce
goods and services. Four principal types of processes are used to
produce goods and services (see Exhibit 7.1):

1. projects,
2. job shop processes,

Explain the logic and use of the product-process matrix.
The most appropriate match between type of product and type of
process occurs along the diagonal in the product-process matrix

Explain the logic and use of the service-positioning
matrix. The SPM focuses on the service-encounter level and helps
management design a service system that best meets the technical and
behavioral needs of customers (see Exhibit 7.3). The position along the
horizontal axis is described by the sequence of service encounters. The
SPM is similar to the product-process matrix in that it suggests that the
nature of the customer’s desired service-encounter activity sequence
should lead to the most appropriate service system design and that

Describe how to apply process and value stream map-
ping for process design. Designing a goods-producing or
service-providing process requires six major activities:

1. Define the purpose and objectives of the process.

2. Create a detailed process or value stream map that describes how
the process is currently performed.

3. Evaluate alternative process designs.

4. ldentify and define appropriate performance measures for the
process.

5. Select the appropriate equipment and technology.

6. Develop an implementation plan to introduce the new or revised
process design. A process map documents how work either

Explain the concept of mistake proofing in product and
process design for both goods and services. Preventing
mistakes can be done in three ways:

1. Designing potential defects and errors out of the process.

2. ldentifying potential defects and errors and stopping a process
before they occur.

3. Identifying defects and errors soon after they occur and quickly
correcting the process.

Explain how to improve process designs and analyze
process maps. Management strategies to improve process
designs include increasing revenue by improving process
efficiency in creating goods and services and delivery of the
customer benefit package; increasing agility by improving
flexibility and response to changes in demand and customer
expectations; increasing product and/or service quality by
reducing defects, mistakes, failures, or service upsets; decreasing
costs through better technology or elimination of non-value-
added activities; decreasing process flow time by reducing
waiting time or speeding up movement through the process
and value chain.

Reengineering examines processes from a “clean sheet”
approach and involves asking basic questions such as: Why do we do
it? and Why is it done this way? The goal is to achieve quantum leaps
in performance.

PART TWO: Designing Operations and Supply Chains

3. flow shop processes, and
4. continuous flow processes.

(see Exhibit 7.2). As one moves down the diagonal, the emphasis on
both product and process structure shifts from low volume and high
flexibility to higher volumes and more standardization.

superior performance results from generally staying along the diagonal
of the matrix. As in the product-process matrix, organizations that ven-
ture too far off the diagonal create a mismatch between service system
characteristics and desired activity sequence characteristics. As we move
down the diagonal of the SPM, the service-encounter activity sequence
becomes less unique and more repeatable with fewer pathways. Like
the product-process matrix, the midrange portion of the matrix contains
a broad range of intermediate design choices.

is, or should be, accomplished, and how the transformation
process creates value. We usually first develop a “baseline” map
of how the current process operates in order to understand it
and identify improvements for redesign. In service applications,
flowcharts generally highlight the points of contact with the
customer and are often called service blueprints or service maps.
Such flowcharts often show the separation between the back
office and the front office with a “line of customer visibility." A
value stream map (VSM) shows the process flows in a manner
similar to an ordinary process map; however, the difference lies
in that value stream maps highlight value-added versus non-
value-added activities and include costs associated with work
activities for both value-added and non-value-added activities
(see Exhibits 74 to 7.7).

The best approach is the first, since it eliminates any possibility
that the error or defect will occur and will not result in

rework, scrap, or wasted time. Poka-yoke is an approach

for mistake-proofing processes using automatic devices or simple
methods to avoid human error. For services, mistake-proofing
must account for the customers” activities as well as those of

the producer, and for interactions between the customer and
provider.

For process maps, key improvement questions include the following:
® Are the steps in the process arranged in logical sequence?

® Do all steps add value? Can some steps be eliminated, and should
others be added in order to improve quality or operational perfor-
mance? Can some be combined? Should some be reordered?

e Are capacities of each step in balance; that is, do bottlenecks exist
for which customers will incur excessive waiting time?

e What skills, equipment, and tools are required at each step of the
process? Should some steps be automated?

e At which points in the system might errors occur that would result in
customer dissatisfaction, and how might these errors be corrected?

e At which point or points should performance be measured?

e \Where interaction with the customer occurs, what procedures,
behaviors, and guidelines should employees follow that will
present a positive image?
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KEY TERMS

* Activity e Pathway

e Continuous flow processes * Process boundary

e Custom, or make-to-order, e Process map (flowchart)
goods and services * Product-process matrix

¢ Customer-routed services e Product life cycle

¢ Flow shop processes e Projects

¢ Job shop processes e Provider-routed services

¢ Option, or assemble-to-order, e Reengineering

goods and services

® Service-encounter activity
sequence

¢ Standard, or make-to-stock,
goods and services

e Task

¢ Value stream

S

(==}

EVIEW QUESTIONS

1.

Define custom, option, and standard goods and
services and give a new example of each. How
does the type of goods and services affect process
choice?

. Describe the four types of processes used to pro-

duce goods and services.

. What is the (traditional) product life cycle? How does

it relate to process design and selection? Explain
how firms make money when their goods or services
follow the traditional product life cycle.

. Explain the logic and use of the product-process

matrix.

. Define a service encounter activity sequence and

give three examples.

. Define a pathway and give an example.

. Explain the differences between customer-routed

services and provider-routed services and give an
example of each.

. Explain the logic and use of the service-positioning

matrix.

. What is a process map? How is it used in process

design?

. What are the advantages of clearly defining the pro-

cess boundaries?

. Explain the concept of the hierarchy of work. How is

it useful in process design activities?

. What is the value stream? How does a value stream

map differ from an ordinary process map?

. Describe how to apply process and value stream

mapping for process design.

. Why do people make inadvertent mistakes? How

does poka-yoke help prevent such mistakes?

. Describe the types of errors that service poka-yokes

are designed to prevent.

. What are the possible objectives to improving a

process?

. How can process maps be used for improvement?

. What is reengineering? How does it differ from

other approaches to process improvement?

DISCUSSION QUESTIONS AND EXPERIENTIAL ACTIVITIES

@ 19,

What type of process—project, job shop, flow
shop, and continuous flow—would most likely
be used to produce the following? Explain your
reasoning.

a. Personal computers
b. Weddings

c. Paper

d. Paper books

e. Tax preparation

@ 20.

What type of process—project, job shop, flow
shop, and continuous flow—would most likely be
used to produce the following?

Gasoline
Air-conditioners
Specialized machine tools

Ships

®© o O T 9

Producing many flavors of ice cream
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@ 21.

@ 22.

@ 23.
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List some common processes that you perform asa
student. How can you use the knowledge from this
chapter, such as identifying bottlenecks, to improve
them?

Use the product-process matrix to explain the
implications for Boeing in changing from a project
focus to more of a flow shop process as explained in
the box “Rethinking Airplane Manufacturing Pro-
cesses.” Limit your discussion to one typed page.

Provide some examples of customer- and provid-
er-routed services that you have encountered that are
different from those described in this chapter. Can
you identify any improvements to these processes?

Design a process for one of the following activities:
a. Preparing for an exam

b. Writing a term paper

c. Planning a vacation

Discuss how sustainability might be incorporated
into a process or value chain improvement initiative.
Try to find an example and summarize it in a man-
ner similar to that in the box feature on Alfa Laval.

QD =

QD =

D

What sustainability issues are present in the example
restaurant order fulfillment process example
(Exhibits 7.6 and 7.7)? What other restaurant
processes need to include sustainability criteria in
their design and day-to-day management?

. Draw a flowchart for a process of interest to you, such

as a quick oil-change service, a factory process you
might have worked in, ordering a pizza, renting a car
or truck, buying products on the Internet, or applying
for an automobile loan. Identify the points where
something (people, information) waits for service or
is held in work-in-process inventory, the estimated
time to accomplish each activity in the process, and
the total flow time. Evaluate how well the process
worked and what might be done to improve it.

Develop a value stream map for the process you
flowcharted in question 27 to identify the value-
added and non-value-added activities. How can you
estimate costs and/or revenue for the process steps?

Identify several sources of errors as a student or in
your personal life. Develop some poka-yokes that
might prevent them.

COMPUTATIONAL PROBLEMS AND EXERCISES

These exercises require you to apply the formulas and methods described in the chapter. The problems should be solved manually.

D =

(7.1 i)

Carbon dioxide emissions associated with a one-
night stay in a hotel room are calculated at 29.53 kg
of CO, per room day for an average hotel. The 200
rooms of your hotel are all occupied for two days
during a college football game.
a. How much CO, did the guests and hotel release
into the atmosphere?
b. What work, leisure activities, and processes
in the hotel generate CO, emissions? Provide
three examples and explain how carbon dioxide
is emitted.

A JetAir 304 airplane emits 22 kilograms of carbon

dioxide per hour while flying. Today, the plane

flew for 8.2 hours on six flights. This emission rate

doesn’t include the time on the ground running

its engines and other airport gate and airport

emissions.

a. How much carbon dioxide did the JetAir 304
airplane release into the atmosphere today?

b. What work, leisure activities, and processes in
the airline and airport generate CO, emissions?
Provide three examples and explain how carbon
dioxide is emitted.

D=

D =

In Solved Problem 7.1 on Clear Water Pool Service
(CWPS), CWPS replaced a fleet of pool service
vans with hybrid/electric- and gasoline-driven
systems. This reduced the number of gallons of
gasoline used to 6,000 gallons per year. How many
metric tons of carbon dioxide did not go into
Earth’s atmosphere because CWPS changed to
hybrid-powered vehicles?

Assume you are the chief operating officer of the fast
food chain with 5,500 stores in North America. Each
store operates 360 days a year and has one heated
dryer in the ladies and men’s restrooms. Each dryer
operates 200 times per day per restroom. One pound
is 453.6 grams. To dry your hands in a retail store
restroom requires zero carbon dioxide emissions if
you let your hands drip dry. If you use one standard
size paper towel, 10 grams of CO2 were generated to
manufacturer the towel. If you use a standard heated
electric dryer 20 grams of CO2 are used to generate
this energy and operate the dryer.

a. How many pounds of carbon dioxide are released
in the atmosphere from the heated electric hand
dryers in the fast-food chain’s stores?
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b. Given your answer in (a), how would you
have customers dry their hands in the chain’s
fast-food stores? What other criteria might be
important?

@ 34. Worthington Machining must decide whether to

purchase Process A with specialized metal folding
equipment needing two employees to operate it or
Process B with general purpose folding equipment
requiring five employees. Process A requires a
fixed cost of $1,430,000 and a variable cost of
$14.32 per metal panel. Process B requires a fixed
cost of $820,000 and a variable cost of $20.05.
Process A is more automated than Process B.

a. What is the break-even quantity between these
two processes?

b. If predicted demand for next year is 120,000
panel folds, what process do you recommend?
What is the cost savings?

. Given the information in problem 34, what do you

recommend if Worthington Machining can buy
folded metal panels of identical size at a price of
$27.25 per panel?

. A college textbook publisher sells a certain e-book

for $40.00. For the current process, the publisher
has fixed cost of $355,000 and a variable cost per
book of $30.00.

a. What is the break-even quantity for this book?

b. If the variable cost increased 10 percent due to
poor operating performance, what is the new
break-even quantity?

c. If through better process efficiency the fixed
cost decreases by ten percent and the variable
cost decreases to $27.90, what is the revised
break-even quantity?

. The police department of a major city needs a

faster process to do criminal background checks.
They eliminated several vendors and their products
because they required too much retraining and
major changes in search process steps. The police
department review committee thought many of
these searches might not hold up in court due to

CHAPTER 7: Process Selection, Design, and Improvement
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process and verification changes. The two finalist
required few changes in the non-online process.
Process A resulted in a fixed cost of $1,100,000
and a variable cost per search of $1.34. Process B
required a fixed cost of $925,000 and a variable
cost per search of $1.45.
a. What is the break-even quantity between these
two processes?

b. If predicted demand for next year is one million
searches, what process do you recommend?
What is the cost savings?

Dot’s Restaurant must decide between two
technology processes in their kitchen. They

only serve dinner after 4 p.m. on a small island
called Sanibel. The restaurant is open 250

days per year. Dot and her husband, Ham, are
retired. They became bored playing golf five
times a week and decided to open this boutique
restaurant. Process A uses an induction oven and
microwave process with a fixed cost of $44,000
and a variable cost of $4.19 per meal. Process B
uses a gas fired oven process with heating lamps
with a fixed cost of $28,000 and a variable cost of
$5.86 per meal. Process A speeds up cooking and
delivery time. The average selling price per meal
is $31.38.

a. What is the break-even quantity?

b. If the restaurant manager expects to sell 10,000
meals, which option, A or B, is best? Justify.

c. Is the restaurant profitable if they purchase the
process option you recommend in part (b)?

Refer to Exhibit 7.7, the restaurant value stream
map, and recompute the total value-added and
non-value-added time and cost given the following
new information. If a restaurant uses iPads to place
orders and notify waiters when the customer’s
order is ready, the time on the order board (now
an electronic order board) decreases from five

to one minute, and the prepared order wait time
decreases from five to three minutes. How might
speeding up the order and delivery process affect
customer satisfaction? Explain.

EXCEL-BASED PROBLEMS

For these problems, you may use Excel or the spreadsheet templates in MindTap to assist in your analysis.

D «

Samoset Fans, Inc. manufacturers its fan blades
in-house. The owner, Betty Dice, doesn’t outsource
any fan parts except fan motors—all other fans
parts are made in-house. Their current process and

its equipment are getting old. Maintenance and
repair costs are increasing at eight percent per year.
She and her company team are evaluating two new
processes. The first process has an annual fixed
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cost of $720,000 and a variable cost of $17 per fan
blade. The second process is more automated and
requires an annual fixed cost of $1,300,000 and

a variable cost of $13 per fan blade. The internal
transfer cost of a fan blade is $20, and this helps
the firm determine the total manufactured cost of a
completed fan. Use the Excel template Break-Even
in MindTap to answer the following questions:

a. What is the break-even quantity between these
two processes?

b. If predicted demand for next year is 150,000
blades, what process do you recommend? What
is the cost savings?

¢. What volume of demand does Samoset Fans,
Inc need to make an internal profit on fan
blades of $100,000, assuming they installed the
process you recommend in part (b)?

Rework computational problem 34 (Worthington

Machining) using the Break-Even Excel template

in MindTap to answer the following questions:

a. What is the break-even quantity between these
two processes?

b. If predicted demand for next year is 120,000
panel folds, what process do you recommend?
What is the cost savings?

Rework computational problem 36 (college text-
book publisher) using the Break-Even template in
MindTap and answer the following questions:

a. What is the break-even quantity for this book?

b. If the variable cost increased 10 percent due to
poor operating performance, what is the new
break-even quantity?

c. If through better process efficiency the fixed
cost decreases by ten percent and the variable
cost decreases to $27.90, what is the revised
break-even quantity?

. An automated car wash called Jet Express outside a

large Texas city on the beltway is deciding whether
to build and install one dedicated vehicle wash line
or have two parallel wash lines. There are no other
cash washes at this intersection and there will be

none because all the land is developed. The second

line allows for some economies of scale in total cost.

The monthly fixed cost of one wash line is $15,000
per month or $180,000 per year. This includes the
mortgage payment, taxes on the building, and wash
equipment. The variable cost for this single line is
$16 per vehicle. The fixed cost for two wash lines

is $26,000 per month or $312,000 per year, and the
variable cost to operate two lines is $13 per vehicle
because some wash crews can work both lines.

The price of the average interior and exterior car

D ~

wash is $25. Use the Excel template Break-Even in

MindTap to answer the following questions:

a. What is the break-even quantity for one and
two automated wash line?

b. Annual forecasts of demand for this site ranges
from 20,000 to 40,000 per year. What would
you recommend?

The deli at a Metro Supermarket experiences con-
stant and continuous demand. Staffing is a problem
for store managers but several of the employees
suggested they buy more deli cutting machines

and weighing scales and place them side-by-side.
Currently, three slicing machines and two weighing
scales are randomly scattered behind the counter.
The deli is a job shop with demanding require-
ments, such as what weight of product the cus-
tomer wants, how thick or thin to slice the cheese
and meat, how the customer wants them wrapped
and packaged, and so on. Customer priority is
determined by selecting a number to determine
your turn for service. The employees are constantly
retracing their steps, and they go to cold food stor-
age lockers and display cases and walk between
different slicing and weighing equipment. They
also have backroom work tasks to perform in stock-
ing shelves and cold storage lockers and cleaning
equipment and floors. Customers can “see” the
deli so it must be clean! Employee turnover is high
in this demanding job shop work environment.

The fixed cost includes three parts. First, the
fixed costs associated with buying three more
slicing machines and four more weighing scales
is $11,000. The current fixed cost of existing
equipment is $7,000. The supermarket accounting
department also sets the fixed cost of the building
deli area and cold storage lockers at a $36,000.
The predicted variable cost of the produce plus
operating six slicing machines and six scales
including labor costs is $18.15 per customer order.
The average deli order costs the customer $19.65.
Use the Excel template Break-Even in MindTap to
answer the following questions:

a. What is the break-even quantity in customer
orders per year?

b. How many orders does the deli fill per day at
the break-even quantity if the supermarket is
open 360 days a year?

c. What type of process is the deli shop within the
supermarket? Explain. Justify.

d. If demand was 52,000 orders filled by the deli
last year, how much money did the deli contrib-
ute to profits for the supermarket?

e. If you were store manager, would you add the
extra machines? Would you raise deli prices?
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Custom Drapes, Inc.

Lilly Hillcrest started a custom drapery business in
Naples, Florida in 2014. Her market segment is for
owners of homes over one million dollars. Her prices are
high, but the customer receives exceptional personal service
and a service guarantee on all work. Customer service and
the quality of their work are the top competitive priorities
of Custom Drapes (CD).

Custom draperies require Lilly and her employees to
visit the customer’s home and evaluate the home’s layout,
light, and color palette to decide what type of draperies
might work best. Two of Lilly’s staff are interior designers
specializing in drapery window treatments. Next the cus-
tomer and employee select the fabric. Fabric books contain
millions of fabric colors, weaves, and designs. The customer
and designer must also decide on many other drape design
characteristics, such as pleated folds, flat panels, classic tab
and rod drapes, goblet pleats, linings, and valance designs.
The number of custom combinations now is in the billions,
with many opportunities for errors. For high-end custom-
ers, the drapes for one wall can be over $100,000.

The next step is for an employee to take measurements
of the venue where the drapes are to be installed. These
specifications can range from a half-dozen to several dozen
measurements. Once the customer order is approved, a
work order is released to CD’s in-house factory. Purchase
orders are sent to the supplier(s) for the fabric and thread.
Each work order is hand cut, sewed, and pressed using
industrial sewing and stream pressing machines. CD groups
sewing machines in one area of the factory alongside stain-
less steel work tables. Each order requires a new setup to
install thread, set and calibrate the machine, and position
the fabric. The sewing machines can accommodate a wide
variety of thread weights and types of fabric, such as silk or
cotton. The employees are cross-trained and skilled at sew-
ing and pleating different fabrics. These skilled backroom
employees inspect their own work, and three employees
must sign off on a complete order. Eighteen percent of the
factory work requires rework during production.

Their average customer order requires 36 square yards
of fabric for two pleated panels on each side of a window or
sliding glass door with a ceiling height of eleven feet. Each
window treatment may be a separate order (i.e., a lot size of
one) given the order specifications. If the fabric is the same,
customer orders for an entire home are batched.

Larger drapery manufacturers use automated cutting
and sewing systems to produce standard drapes sold in most
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retail stores. They use tens of millions of square yards of
fabric per year to produce their panels. Most large drapery
and curtain manufacturers are located in Asia.

The automated systems include computer-aided design
software, large fabric and conveyor tables, huge spools
of different types and colors of thread and fabric, and
automated sewing equipment. Even small systems need
thousands of square feet of production space. The bigger
manufacturers sell their drapes through furniture stores
worldwide without direct customer contact. Their order
completion times are double CD’s lead times.

In the last few years, more regional furniture stores
have asked CD to manufacture draperies for them. These
standardized draperies would be in certain sizes and
lengths and sold in the stores. The furniture stores would
select the style and fabric, and CD would manufacture
them. Lilly summarized these proposed standard orders
on her computer’s spreadsheet as producing 32 different
drapery panels in order quantities ranging from 1,000 to
10,000 drapery panels. This mix of standard orders totaled
112,568 panels.

Lilly was considering purchasing a small, used comput-
erized curtain panel system for $490,000 and building a new
building to house the equipment. The building would cost
$2.5 million dollars including kitchen, security, and other
factory equipment. The new factory would be built behind
the current custom factory on land Lilly owned. The vari-
able cost to manufacture a typical standard drape panel
using this system would be $78.90, and the panel would be
sold for $100.

1. Rank in order the competitive priorities for
CD’s custom jobs. Rank in order the competitive
priorities for the standard drapery business.

2. What is the break-even quantity (in panels) if Lilly
builds the facility and buys the equipment to pro-

duce standard panels?

3. Should Custom Draperies accept the proposals to
manufacture 32 different drapery panels in order
sizes up to 10,000 panels? What are the implications?
If the answer is yes, what other operations and logis-
tics decisions are necessary to support this growth
initiative? If your answer is no, justify and explain.

4. What are the strategic growth options for Custom
Draperies?

5. What are your final recommendations?
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Hickory Medical Clinic

he Hickory Medical Clinic recently conducted a
patient satisfaction survey. Using a scale of 1-5, with
1 being “very dissatisfied” and 5 being “very satisfied,”
the clinic compiled a check sheet for responses that were

either 1 or 2, indicating dissatisfaction with the perfor-
mance attributes. Exhibit 7.10 shows the count of patients
that scored the process attribute as a 1 (very dissatisfied)
or 2 (dissatisfied) out of 100 patients surveyed.

EXHIBIT 7.10 The Number of Patient’s Dissatisfied with the Process

Check-in/Check-out

Care and Treatment

Making an Appointment
Ease of getting through on the phone—10

Friendliness of the telephone receptionist—5  Amount of time to register—I1

Convenience of office hours—7

Ease of getting a convenient appointment—12  Comfort of registration waiting area—4

Doctors have extremely busy schedules. They have
surgeries to perform, and many are teaching faculty at the
local medical school. Many surgeries are emergencies or take
longer than expected, resulting in delays of getting back to
the clinic. In the clinic, one or two telephone receptionists
answer calls for three different surgical departments, which
include 20 or more doctors. The receptionist’s job is to sched-
ule appointments, provide directions, and transfer calls to the
proper doctor’s administrative (department) scheduler. This

Length of wait to see a physician—13

Courtesy and helpfulness of the receptionist—7  Respect shown by nurses/assistants—0

Responsiveness to phone calls related to care—5
How well the physician listened—3

Confidence in the physician’s ability—1

Explanation of medical condition and treatment—2

generally requires putting the patient on hold. Often, the
receptionist must take a hand-written message and personally
deliver it to the department’s scheduler because the phone
line is always busy. However, the receptionist cannot leave
his or her desk without someone else to cover the phones. A
student intern examined the processes for answering phone
calls and registering patients. The flowcharts she developed
are shown in Exhibits 7.11 and 7.12. (An encounter form
captures the patient check-in information.)

EXHIBIT 7.1 Current Hickory Medical Clinic Process for Answering Phone Calls
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EXHIBIT 7.12  Current Hickory Medical Clinic Patient Registration Process

Patient signs in Two copies are
made of insurance
card if needed

\
Receptionist
offers to
validate parking Encounter form
is signed
\
Receptionist c RO
finds proper ‘ opay is obtaine
encounter form
\ / One copy of insurance

Receptionist card is stapled to
determines if signature page and
any information placed in stack
is needed

y

\

One copy of
insurance card
is placed with
encounter form

Encounter form
is placed
in a basket

y

Patient is asked Encounter form is
to take a seat placed in a basket
Receptionist L L IIE
> updates computer
pages nurse
records

Secretary updates
>-| patient's chart and
electronic records

Case Questions for Discussion: redesigned process(es). Cite key advantages and

disadvantages of your flowchart(s).
1. What conclusions do you reach from the satisfaction

survey results? What implications would this have 3. How should the organization implement the new
for a better process design? process plans?

2. Propose Some process improvements to the
flowcharts and develop new flowchart(s) of the
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Integrative Case: Hudson Jewelers

he Hudson Jewelers case study found in MindTap inte-
grates material found in each chapter of this book.

Case Questions for Discussion:

1. Research the parts of the diamond value chain
and then answer the following question: How
would you describe the type of process used for
(a) exploration, (b) diamond mining, (c) sorting
and grading, (d) cutting and polishing centers,
(e) trading centers, (f) jewelry manufacturing,
and (g) retail stores? You might want to use the
terminology of the product-process matrix and
service positioning matrix, for example.

2. Given the simplified process work activities shown
in the worksheet Hudson Jeweler Work and Process
Flow in MindTap, draw the process flowchart, and
then answer the following questions. You must
allocate the work content in the worksheet to
manufacturing, CAD, service, front room, and back
room to gain insights into where and how this work
is accomplished.

a. For this process, what is the total time in min-
utes (or equivalent fraction of a day) to create
one woman’s codesigned wedding ring?

b. For this process, what is the total manufacturing
time in minutes (or equivalent fraction of a day)
to create one woman’s codesigned wedding ring?

c. For this process, what is the total CAD
time in minutes (or equivalent fraction of

a day) to create one woman’s codesigned
wedding ring?

d. For this process, what is the total service (other
than CAD) time in minutes (or equivalent frac-
tion of a day) to create one woman’s codesigned
wedding ring?

e. For this process, what are the total front room
and back room times in minutes (or equivalent
fraction of a day) to create one woman’s code-
signed wedding ring?

f.  What insights do you gain by evaluating the
work content of this process and answering
questions (a) to (e)?

3. Write a job description for a new employee at this

store.

4. Assume that during Lilly’s and Lester’s last visit

to the retail store everything was as described in
the case, except the final bill was not ready and
Mr. Bill Hudson had lost some of the paperwork
documenting the price of the ring and diamonds.
After a 45-minute wait, Lilly and Lester had
figured out a final bill. What is the impact of this
“billing service upset” at the end of the customer’s
buying experience? Is billing a primary or periph-
eral process?

5. Design an ideal diamond-ring customer experience
from beginning to end (i.e., make a list of 10 to 20
steps in the job and process design). Explain what
must happen and what must not happen.
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Facility and Work Design

LEARNING OBJECTIVES

After studying this chapter,
you should be able to:

Identify the objectives
of facility design and
describe four layout
patterns and when they
should be used.

Explain how to design
product layouts using
assembly-line balancing.

Explain the concepts of
process layout.

Explain the concepts and
approaches used in work
measurement.

Describe issues related to
the design of workplaces

895Studio/Shutterstock.com

and jobs.

Facility and workplace design can play a role in creating a satisfying customer experience.

Vytec (www.vytec.com) is a leading manufacturer of
vinyl siding for homes and businesses. Vytec makes
50 different product lines (called profiles) of siding,
soffits, and accessories. Each profile is typically pro-
duced in 15 colors, creating 750 stock-keeping units.
The finished siding is packaged in a carton that holds
20 pieces that are usually 12 feet long. The cartons are
stacked in steel racks (called beds). Each bed holds
30 to 60 cartons, depending on the bed'’s location in
the warehouse. Vytec's main warehouse is more than
200,000 square feet.

Over time, demand for each siding profile changes;
some are added and others discontinued. One problem
the warehouse faces periodically is the need to redo the
location and capacity of beds in the warehouse. Using
basic layout principles, high-demand siding profiles are
located closest to the shipping dock to minimize travel
and order-picking time. Although management would
like to find a permanent solution to this stock place-
ment problem in the warehouse, continuous changes in
demand and product mix necessitate a new warehouse
design every few years.!

CHAPTER 8: Facility and Work Design 203

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



204 PARTTWO: Designing Operations and Supply Chains

WHAT DO YOU THINK?

Think of a facility in which you have conducted business—for instance, a restaurant, bank, or automobile dealer-

ship. How did the physical environment and layout enhance or degrade your customer experience?

Once processes are selected and designed, orga-
nizations must design the infrastructure to implement
these processes. This is accomplished through the
design of the physical facilities and work tasks that must
be performed. The physical design of a factory needs to
support operations as efficiently as possible, as we can
see in the Vytec example. Facility and work design are
important elements of an organization's infrastructure

A good layout should
support the ability of
operations to accom-
plish its mission.

and key strategic decisions that affect cost, productivity,
responsiveness, and agility.

In both goods-producing and service-providing
organizations, facility layout and work design influence
the ability to meet customer wants and needs, enhance
sustainability, and provide value. A poorly designed
facility can lock management into a noncompetitive
situation and be very costly to correct. For many ser-
vice organizations, the physical facility and workplace
are vital parts of service design (see the box, Facility
Layouts in Fitness Centers). It can also play a significant
role in creating a satisfying customer experience, par-
ticularly when customer contact is high. Facility design
must be integrated with and support job and process

design.

81 Facility Layout

Facility layout refers to the specific arrangement of physical facilities. Facility layout studies are nec-
essary whenever (1) a new facility is constructed; (2) there is a significant change in demand
or throughput volume; (3) a new good or service is introduced to the customer benefit pack-
age; or (4) different processes, equipment, and/or technology are installed. The objectives of
layout studies are to minimize delays in materials handling and customer movement, main-
tain flexibility, use labor and space effectively, promote high employee morale and customer
satisfaction, minimize energy use and environmental impact, provide for good housekeeping
and maintenance, and enhance sales as appropriate in manufacturing and service facilities.
Essentially, a good layout should support the ability of operations to accomplish its mission.

Four major layout patterns are commonly used in configuring facilities: product layout,
process layout, cellular layout, and fixed-position layout.

8-1a Product Layout

A product layout is an arrangement based on the sequence of operations that is performed during the
manufacturing of a good or delivery of a service. Exhibit 8.1 shows a typical product layout used in
wine-making. Product layouts support a smooth and logical flow where all goods or services
move in a continuous path from one process stage to the next, using the same sequence of
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Facility Layouts in
Fitness Centers

Many readers belong to a fitness center, or perhaps
have one at their schools. Fitness centers use different
layouts, similar to what we might see in manufactur-
ing. Typically, you will see a process layout that groups
free weights, stretching areas, cardio equipment,
and strength machines in common areas. If strength
machines are arranged in a logical fashion for “circuit
training” (where you typically exercise big muscles first),
then we have elements of a product layout. We might
also see a cellular layout—for instance, when all leg
machines, all chest and shoulder machines, and so on
are grouped together within a process layout. Cybex,

a manufacturer of fitness equipment, offers a “gym

work tasks and activities. You have seen

a product layout if you have ever eaten

at Subway or Chipotle; the ingredients

are arranged in a specific order as you

build your sandwich or burrito. Other
examples include credit card processing,
paper manufacturing, insurance policy

processing, and automobile assembly.

CHAPTER 8: Facility and Work Design

planner”application by which one can drag and

drop Cybex equipment, furniture, and accessories to
design a personal training studio or fitness center
(http://www.cybexintl.com/solutions/gymplanner.aspx).

Facility design must

be integrated with

and support job and

process design.

Advantages of product layouts include higher output rates, lower work-in-process inven-

tories, less materials handling, higher labor and equipment utilization, and simple planning

and control systems. However, several disadvantages are associated with product layouts. For

instance, a breakdown of one piece of equipment can cause the entire process to shut down. In
addition, because the layout is determined by the good or service, a change in product design

or the introduction of new products may require major changes in the layout; thus, flexibility
can be limited. Therefore, product layouts are less flexible and expensive to change. They also

usually require more costly, spe-
cialized equipment. Finally, and
perhaps most important, the jobs
in a product-layout facility, such as
those on a mass-production line,
may provide little job satisfaction.
This is primarily because of the
high level of division of labor often
required, which usually results in
monotony. However, this can be
avoided by cross-training and fre-
quently rotating job responsibili-
ties (see the box on Cargill Kitchen
Solutions later in this chapter).

EXHIBIT 8.1

Product Layout for Wine Manufacturer
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EXHIBIT 8.2 Process Layout for a Machine Shop

8-1b Process Layout

A process layout consists of a functional grouping of equipment or activities that do similar work. For
example, all drill presses or fax machines may be grouped together in one department, and
all milling or data entry machines in another. Depending on the processing they require, tasks
may be moved in different sequences among departments (see Exhibit 8.2). Job shops are an
example of facilities that use process layouts because they typically handle a wide variety of
customized orders. Legal offices, shoe manufacturing, jet engine turbine blades, and hospitals
also use process layouts.

Compared to product layouts, process layouts provide more flexibility and generally
require a lower investment in equipment. If a piece of equipment fails, it generally does not
affect the entire system. Also, the diversity of jobs inherent in a process layout can lead to
increased worker satisfaction. Some of the limitations of process layouts are low equipment
utilization, high materials-handling costs, more complicated planning and control systems,
and higher worker skill requirements.

8-1c Cellular Layout

Ina cellular layout, the design is not according to the functional characteristics of equipment, but rather
is based on self-contained groups of equipment (called cells) needed for producing a particular set of goods or
services. The cellular concept was developed at the Toyota Motor Company.

An example of a manufacturing cell is shown in Exhibit 8.3. In this exhibit we see a U-shaped
arrangement of machines that is typical of cellular manufacturing. The cell looks similar to a product
layout but operates differently. Within
the cell, materials move clockwise or
counterclockwise from one opera-

Part 2

Drilling

FJJI“““'“’"““"!

. tion to the next. The cell is designed
Grinding .
to operate with one, two, or three

Painting employees, depending on the needed
output during the day (Exhibit 8.3

shows how three operators might be

1 =I

Sanding

P<- T

assigned to machines). Each operator
is responsible for loading the parts on
the individual machine, performing

Milling
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the processing operation, unloading

EXHIBIT 8.3 Cellular Manufacturing Layout

the parts, and moving them to the
next operation. Working in parallel,
they increase the output from the cell.
Cellular layouts facilitate the pro-

cessing of families of parts with similar
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processing requirements. The procedure
of classifying parts into such families is
called group technology. Services also
group work analogous to manufactur-
ers, such as legal (labor law, bankruptcy,
divorce, etc.) or medical specialties
(maternity, oncology, surgery, etc.).
Because the workflow is standardized
and centrally located in a cellular layout,
materials-handling requirements are
reduced, enabling workers to concentrate
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on production rather than on mov-
ing parts between machines. Quicker
response to quality problems within cells
can improve the overall level of quality.
Because machines are closely linked
within a cell, additional floor space
becomes available for other produc-
tive uses. Because workers have greater
responsibility in a cellular manufacturing
system, they become more aware of their
contribution to the final product; this
increases their morale and satisfaction
and, ultimately, quality and productivity.

g8-1d Fixed-Position Layout

A fixed-position layout consolidates the
resources necessary to manufacture a good
or deliver a service, such as people, materi-
als, and equipment, in one physical location.
Rather than moving work-in-process
from one work center to another, it
remains stationary. The production
of large items such as heavy machine
tools, airplanes, buildings, locomotives,
and ships is usually accomplished in
a fixed-position layout. This fixed-
position layout is synonymous with the
“project” classification of processes.
Service-providing firms also use fixed-

CHAPTER 8: Facility and Work Design

Cellular Manufacturing at Louis Vuitton

Louis Vuitton is one of the
world’s most recognizable
luxury brands and has grown
significantly in recent years.
When Vuitton was build-

ing a new factory in Marsaz,
France, it had to find ways to
increase production in its exist-
ing factories. Luxury bags are
produced in low volume, but
the production process can
benefit from recognizing the
common features across items
and making sure that work is
coordinated. By reorganizing
teams of about 10 workers in
U-shaped clusters, Vuitton was
able to free up 10 percent more
floor space in its factories and
was able to hire 300 new people
without increasing facility size.

At Vuitton's shoe factory in Italy, robots now fetch the foot molds around which a
shoe is made, instead of workers walking back and forth from their workstations

to the shelves, resulting in a considerable gain in time.?

position layouts; examples include major hardware and software installations, sporting events,
and concerts. Fixed-position layouts usually require a high level of planning and control com-

pared with other types of layouts.

Exhibit 8.4 summarizes the relative features of product, process, cellular, and fixed-

position layouts. It is clear that the basic trade-off in selecting among these layout types is

flexibility versus productivity.

8-1e Facility Layout in Service Organizations

Service organizations use product, process, cellular, and fixed-position layouts to organize
different types of work. For example, looking back at Exhibit 5.12, which shows the typical
LensCrafters facility layout, we see the customer-contact area is arranged in a process layout.

EXHIBIT 8.4 Comparison of Basic Layout Patterns

Characteristic

Demand volume High
Equipment utilization High
Automation potential High
Setup/changeover requirements ~ High
Flexibility Low

Type of equipment

Highly specialized

Product Layout Process Layout Cellular Layout

Low Moderate
Low High
Moderate High
Moderate Low
High Moderate

General purpose

Moderate specialization

Fixed-Position Layout

Very low

Moderate

Moderate

High

Moderate

Moderate specialization
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EXHIBIT 8.5 Product Layout for a Pizza Kitchen

Phone order
entry

=

Conveyor-
controlled
oven

Exit to
delivery

To dining area

In the lab area, however, where lenses are manu-
factured, a cellular layout is used. (Also, see the box
titled “Facility Layouts in Fitness Centers.”)

In service organizations, the basic trade-off
between product and process layouts concerns
the degree of specialization versus flexibility.
Services must consider the volume of demand,
range of the types of services offered, degree of
personalization of the service, skills of employees,
and cost. Those that need the ability to provide a
wide variety of services to customers with differ-
ing requirements usually use a process layout. For
example, libraries place reference materials, seri-
als, and microfilms into separate areas; hospitals
group services by function also, such as maternity,
oncology, surgery, and X-ray; and insurance com-
panies have office layouts in which claims, under-
writing, and filing are individual departments.

Service organizations that provide highly
standardized services tend to use product layouts.
For example, Exhibit 8.5 shows the layout of the
kitchen at a small pizza restaurant that has both
dine-in and delivery.

The design of service facilities requires the
clever integration of layout with the servicescape
and process design to support service encounters.

At Victoria’s Secret, the layout of a typical store is defined by different zones, each with
a certain type of apparel, such as women’s sleepwear and intimate apparel, and personal-

care products. Display case placement in the store is carefully planned. A companion

store, Victoria’s Secret Perfume, which specializes in fragrances, color cosmetics, skincare,

and personal accessories, is often placed next to and connected to a Victoria’s Secret store
to increase traffic and sales in both stores.

82 Designing
Product
Layouts

Product layouts in flow shops
generally consist of a fixed
sequence of workstations.
Workstations are generally
separated by buffers (queues
of work-in-process) to store
work waiting for processing,
and are often linked by gravity
conveyors (which cause parts to
simply roll to the end and stop)
to allow easy transfer of work.

Sorbis/Shutterstock.com
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An example is shown in Exhibit 8.6. Such product layouts, however, can suffer from two
sources of delay: flow-blocking delay and lack-of-work delay. Flow-blocking delay (or block-
ing delay) occurs when a work center completes a unit but cannot release it because the in-process storage
at the next stage is full. The worker must remain idle until storage space becomes available.
Lack-of-work delay occurs whenever one stage completes work and no units from the previous stage
are awaiting processing. Lack-of-work delay is often described as “starving” the immediate suc-
cessor workstation. Such delays cause bottlenecks, which we defined in Chapter 7, limiting
the throughput of the entire process. It is important to identify any bottlenecks if process
improvements are to be made.

These sources of delay can be minimized by attempting to “balance” the process by
designing the appropriate level of capacity at each workstation. This is often done by add-
ing additional workstations in parallel. Product layouts might have workstations in series, in
parallel, or in a combination of both. Thus, many different configurations of workstations and
buffers are possible, and it is a challenge to design the right one.

An important type of product layout is an assembly line. An assembly line is a product lay-
out dedicated to combining the components of a good or service that has been created previously. Assembly
lines were pioneered by Henry Ford and are vital to economic prosperity and are the back-
bone of many industries such as automobiles and appliances; their efficiencies lower costs
and make goods and services affordable to mass markets. Assembly lines are also important
in many service operations such as processing laundry, insurance policies, mail, and financial
transactions.

8-2a Assembly-Line Balancing

The sequence of tasks required to assemble a product is generally dictated by its physical
design. Clearly, you cannot put the cap on a ballpoint pen until the ink has been inserted.
However, for many assemblies that consist of a large number of tasks, there are many ways
to group tasks together into individual workstations while still ensuring the proper sequence
of work. Assembly-line balancing is a technique to group tasks among workstations so that each
workstation has—in the ideal case—the same amount of work. Assembly-line balancing focuses on
organizing work efficiently in flow shops.
Fo'r example, if ‘1t took 90 Seco‘nds Assemb ly {ine
per unit to assemble an alarm clock, and .
the work was divided evenly among three balancin g focuses on
workstations, then each workstation would organizing work effi-
be assigned 30 seconds of work content cient ly in flow sho ps.
per unit. Here, there is no idle time per
workstation, and the output of the first

workstation immediately becomes the RRGILIIRARERVITTEIRETTERTT DR OCH e TREVTT

input to the next workstation. Technically, Roller
Buffer

line is constant and continuous. In reality,

this is seldom possible, so the objectiveis

@

there is no bottleneck workstation, and conveyor
the flow of clocks through the assembly
*I

N
je

to minimize the imbalance among work-

e

stations while trying to achieve a desired Incoming

output rate. A good balance results in parts

achieving throughput necessary to meet ret second
sales commitments and minimize the operation operation

cost of operations. Typically, one either
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Third
operation

Outgoing
parts

Copyright 2021 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



210 PARTTWO: Designing Operations and Supply Chains

minimizes the number of workstations for a given production rate or maximizes the produc-
tion rate for a given number of workstations.
To begin, we need to know three types of information:

1. The set of tasks to be performed and the time required to perform each task.

2. The precedence relations among the tasks—that is, the sequence in which tasks must
be performed.

3. The desired output rate or forecast of demand for the assembly line.

The first two can be obtained from an analysis of the design specifications of a good or service.
The third is primarily a management policy issue, because management must decide whether
to produce exactly to the forecast, overproduce and hold inventory, subcontract, and so on.

To illustrate the issues associated with assembly-line balancing, let us consider an activity
consisting of three tasks, as shown in Exhibit 8.7. Task A is first, takes 0.5 minute, and must be
completed before task B can be performed. After task B, which takes 0.3 minute, is finished,
task C can be performed; it takes 0.2 minute. Because all three tasks must be performed to com-
plete one part, the total time required to complete one partis 0.5 + 0.3 + 0.2 = 1.0 minute.

Suppose that one worker performs all three tasks in sequence. In an 8-hour day, he or
she could produce (1 part/1.0 min) (60 minutes per hour) (8 hours per day) = 480 parts/day.
Hence, the capacity of the process is 480 parts/day.

Alternatively, suppose that three workers are assigned to the line, each perform-
ing one of the three tasks. The first operator can produce 120 parts per hour, as his
or her task time is 0.5 minute. Thus, a total of (1 part/0.5 min) (60 minutes per hour)
(8 hours per day) = 960 parts/day could be sent to operator 2. Because the time opera-
tor 2 needs for his or her operation is only 0.3 minute, he or she could produce
(1 part/0.3 min) (60 minutes per hour) (8 hours per day) = 1,600 parts/day. However, opera-
tor 2 cannot do so because the first operator has a lower production rate. The second operator
will be idle some of the time waiting on components to arrive. Even though the third opera-
tor can produce (1 part/0.2 min) (60 minutes per hour) (8 hours per day) = 2,400 parts/day,
we see that the maximum output of this three operator assembly line is 960 parts per day. That
is, workstation 1 performing task A is the bottleneck in the process.

A third alternative is to use two workstations. The first operator could perform operation
A while the second performs operations B and C. Because each operator needs 0.5 minute
to perform the assigned duties, the line is in perfect balance, and 960 parts per day can be
produced. We can achieve the same output rate with two operators as we can with three, thus
saving labor costs. How work tasks and activities are grouped into workstations is important
in terms of process capacity (through-put), cost, and time to do the work.

An important concept in assembly-line balancing is the cycle time. Cycle time is the inter-
val between successive outputs coming off the assembly line. These could be manufactured goods or
service-related outcomes. In the three-operation example shown in Exhibit 8.7, if we use only
one workstation, the cycle time is 1 minute/unit; that is, one completed assembly is produced
every minute. If two workstations are used, as just described, the cycle time is 0.5 minute/
unit. Finally, if three workstations are used, the cycle time is still 0.5 minute/unit, because

. task A is the bottleneck, or slowest operation. The line can produce only
EXHIBIT 8.7 A Three-Task Assembly Line one assembly every 0.5 minute.

Operation time The cycle time (CT) cannot be smaller than the largest operation
/ (minutes/part) time, nor can it be larger than the sum of all operation times (2¢). Thus,

0.5 0.3 0.2 Maximum operation time =< CT = Sum of operation times [8.1]

GH@ This provides a range of feasible cycle times. In the example, CT must

be between 0.5 and 1.0.
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Cycle time is related to the output required to be produced in some period of time (R)
by the following equation:

CT =A/R [8.2]

where A = available time to produce the output. R is normally the demand forecast. Thus,
if we specify a required output (demand forecast), we can calculate the maximum cycle time
needed to achieve it. Note that if the required cycle time is smaller than the largest task time,
then the work content must be redefined by splitting some tasks into smaller elements.

For a given cycle time, we may also compute the theoretical minimum number of work-
stations required:

Minimum number of workstations required = Sum of task times/Cycle time = 2¢/CT  [8.3]

When this number is a fraction, the theoretical minimum number of workstations should be
rounded up to the next highest integer. For example, for a cycle time of 0.5, we would need
at least 1.0/0.5 = 2 workstations.

The following equations provide additional information about the performance of an
assembly line:

Total time available = (Number of workstations)(Cycle time) = (N)(CT) [8.4]

Total idle time = (N)(CT) — 3t [8.5]
Assembly-line efficiency = 3t/(N X CT) [8.6]
Balance delay = 1 — Assembly-line efficiency [8.7]

The total time available computed by Equation 8.4 represents the total productive capacity
that management pays for. Idle time is the difference between total time available and the
sum of the actual times for productive tasks as given by Equation 8.5. Assembly-line efficiency,
computed by Equation 8.6, specifies the fraction of available productive capacity that is used.
One minus efficiency represents the amount of idle time that results from imbalance among
workstations and is called the balance delay, as given by Equation 8.7.

SOLVED PROBLEM 8.1: COMPUTING ASSEMBLY LINE PERFORMANCE MEASURES

Bass Fishing Inc. assembles fishing reels in an assembly line using six workstations. Management wants an output rate of
300 reels per day (with a 7.5-hour workday). The sum of the task times is eight minutes/reel. Find the cycle time, total time
available, total idle time, assembly line efficiency, and balance delay.

Solution:

Use Equations 8.2-8.7.
Cycle time = CT = A/R = [(7.5 hours/day)(60 minutes/hour)]/(300 reels/day) = 450/300 = 1.5 minutes/reel

Total time available = (number of workstations)(cycle time) = (N)(CT) = (6)(1.5) = 9.0 minutes
Total idle time = (N)(CT) — Zt = (6)(1.5) — 8 = 1 minute/reel

Assembly-line efficiency = Xt/(N X CT) = 8/(6 X 1.5) = 0.889, or 88.9%

Balance delay = 1 — Assembly-line efficiency =1 — 0.889 = 0.111,0r 11.1%

Management is paying for eight minutes of work and one minute of idle time per reel.
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In Solved Problem 8.1, suppose that we use seven workstations. The total time avail-
able is 7(1.5) = 10.5 minutes; the total idle time is 10.5 — 8 = 2.5 minutes; and the line
efficiency is reduced to 8/10.5 = 0.76. One objective of assembly-line balancing is to maxi-
mize the line efficiency. Note that if we use only six workstations, the total time available
is 5(1.5) = 7.5 minutes. Because this is less than the sum of the task times, it would be
impossible to achieve the desired output rate of 300 reels per day.

8-2b Line-Balancing Approaches

Balancing the three-task example in the previous section was quite easy to do by inspection.
With a large number of tasks, the number of possible workstation configurations can be very
large, making the balancing problem very complex. Decision rules, or heuristics, are used to
assign tasks to workstations. Because heuristics cannot guarantee the best solution, one often
applies a variety of different rules in an attempt to find a very good solution among several
alternatives. For large line-balancing problems, such decision rules are incorporated into
computerized algorithms and simulation models.

To illustrate a simple, yet effective, approach to balancing an assembly line, suppose that
we are producing an in-line skate, as shown in Exhibit 8.8. The target output rate is 360 units
per week. The effective workday (assuming one shift) is 7.2 hours, considering breaks and
lunch periods. We will assume that the facility operates five days per week.

Eight tasks are required to assemble the individual parts. These, along with task times, are

Assemble wheels, bearings, and axle hardware (2.0 min).
Assemble brake housing and pad (0.2 min).

Complete wheel assembly (1.5 min).

Inspect wheel assembly (0.5 min).

Assemble boot (3.5 min).

Join boot and wheel subassemblies (1.0 min).

Add line and final assembly (0.2 min).

©® N o g R w =

Perform final inspection (0.5 min).

We can use the task times to compute a range of feasible cycle times. This is done by
assuming that (1) only one workstation is used for the entire assembly, and (2) each task is
assigned to a unique workstation. For instance, if we use only one workstation for the entire

assembly and assign all tasks to it, the cycle time is

. . 9.4 minutes. Alternatively, if each task is assigned
EXHIBIT 8.8 A Typlcal In-Line Skate to a unique workstation, the cycle time is 3.5, the

Frame
Brake housing

Brake pad

largest task time. Thus, feasible cycle times must
be between 3.5 and 9.4 minutes.

However, the cycle time depends on how
many units we need to produce and how much
time is available. For a target output rate, we can
use Equations 8.2 and 8.3 to find the theoreti-

cal minimum number of workstations needed for
balancing the assembly line. Solved Problem 8.2
shows how to do this.
Wheel The eight tasks need not be performed in this
Axle hardware exact order; however, it is important to ensure

Bearings that certain precedence restrictions are met. For

example, you cannot perform the wheel assembly
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SOLVED PROBLEM 8.2: COMPUTING THE MINIMUM NUMBER OF

WORKSTATIONS REQUIRED

Suppose that we need to produce 360 units per week by operating one shift per day for five days per week. The effective workday
(assuming one shift) is 7.2 hours, considering breaks and lunch periods. What is the minimum number of workstations needed?

Solution:

First, use Equation 8.2 to find the appropriate cycle time:

CT = A/R = [(7.2 hours/shift)(60 min/hourl/[(360 units/week)/(5 shifts/week)] = 6.0 minutes/unit
The theoretical minimum number of workstations is found using Equation 8.3:

Zt/CT = 9.4/6.0 = 1.57 or, rounded up, 2 workstations.

(task 3) until both tasks 1 and 2 have been completed, but it does not matter whether task 1 or
task 2 is performed first because they are independent of each other. These types of relation-
ships are usually developed through an engineering analysis of the product. We can represent
them by an arrow diagram, shown in Ex