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IDEO, A DESIGN AND
I N N O V AT I O N F I R M

I

DEO is the world’s most celebrated design and innovation consultancy. Its ultimate creation is the process of creativity itself.
For co-founder David M. Kelley and his colleagues, work is play,

brainstorming is a science, and the most important rule is to break
the rules (www.ideo.com).
“IDEO is a zoo—oh, lovely metaphor for this age of the
nanosecond! Experts of all flavors commingle in ‘offices’ that look
more like rowdy kindergarten classrooms than home to one of
America’s (and the world’s) most successful design firms. Desks
are littered with works-in-progress and the remains of midnight

After reading this chapter you will:

fast-food binges. Models of futuristic lamps and movie special-

1. Understand the product development process for both manufactured and service products.
2. Demonstrate how the development
of products can have significant
economic impact on the firm.
3. Align design with the desires of the
customer by using quality function
deployment (QFD) concepts.
4. Explain how design can significantly impact manufacturing cost.
5. Be introduced to product development performance measures.

effects devices and high-tech blood-chemistry analyzers, in all

stages of development, lie about here and there—and are the
cause of nonstop kibitzing. The planet’s most advanced software programs, running on the world’s most advanced workstations, networked with heaven-knows-whom from heaven-knowswhere, hum 24 hours a day.
“Clients and other outsiders pop in and out without ado.
Chatter is ceaseless. Brainstorming sessions, pitting a dozen minds
from different disciplines against one another in raucous pursuit of
zany ideas, are called on a moment’s notice. Bikes line the halls. Joke
prizes, along with impressive awards, hang on every wall. The bottom
line: IDEO gets the job done on time, on budget, and with exceptional
imagination.”1
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IDEO’s novel design process centers on two activities that are repeated over and over:
1. Brainstorming. IDEO enforces some strict rules during these sessions.
a. Defer judgment so that the flow of ideas is not interrupted.
b. Build on the ideas of others because this is far more productive than hogging the
glory for your own insights.
c. Stay focused on the topic; tangents are not allowed.
d. One person at a time so that you do not drown out that quiet, brilliant mumbler
in the corner of the room.
e. Go for quantity—150 ideas in 30–45 minutes is good.
f. Encourage wild ideas.
g. Be visual; for example, sketch ideas to help others understand them.
2. Rapid prototyping. The idea is that it is easier to discuss a model of something, no
matter how primitive, than to talk about a bunch of abstract ideas. Rapid prototyping
consists of three R’s: rough, rapid, and right. The first two R’s are fairly self-explanatory—
make your models rough and make them rapidly. In the early stages, perfecting a model
is a waste of time. Right does not mean your model needs to work. Instead, it refers
to building lots of small models that focus on specific problems. For example, when a
group at IDEO designed a phone, they cut out dozens of pieces of foam and cradled
them between their heads and shoulders to find the best shape for a handset.

Designing new products and getting them to market quickly is the challenge facing manufacturers in industries as diverse as computer chips and potato chips. Customers of computer chip
manufacturers, such as computer companies, need ever-more-powerful semiconductors for
their evolving product lines. Food producers need to provide their grocery store customers with
new taste sensations to sustain or enlarge their retail market share. How manufactured products
are designed and how the process to produce them is selected are the topics of this chapter.

THE PRODUCT DESIGN PROCESS

在当今世界，企业经常把主要的
功能部件外包，而不是自己生产这些
元件。专门为其他公司生产产品的公
司获得了很大成功，这些公司被称为
合同制造商，它们在生产方面取得了
很大的成就。
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Companies continuously bring new products to market as customer needs and wants
change. Product design is integral to the success of many companies. Product design differs
significantly depending on the industry. For consumer products, understanding consumer
preferences and market testing prospective products are very important activities. For pharmaceuticals, extensive clinical tests are often required that involve carefully controlled
experiments to test both the safety and the effectiveness of a potential product. Companies
that specialize in the design of products have highly developed processes to support the
activities needed for an industry.
In today’s world, companies often outsource major functions rather than supporting these
functions in-house, including product design. Companies that specialize in designing and
manufacturing products for other companies have become very successful. The producing companies are called contract manufacturers, and they have become successful in
industries such as electronic products, clothing, drug, plastics, and custom manufacturing. A
simple definition of a contract manufacturer is an organization capable of manufacturing and/
or purchasing all the components needed to produce a finished product or device.
The use of contract manufacturers has dramatically changed the way traditional manufacturing companies now operate. Depending on the situation, contract manufacturers will take
various roles for a company. For example, in the automobile industry, contract manufacturers
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produce many of the parts and subassemblies, such as the seats and other interior parts, the
headlight and taillight assemblies, and the electronic equipment such as radio/CD and GPS
navigation systems. The actual automobiles are often built regionally in the countries where
the products will be sold to reduce transportation cost and manage currency exchange risk.
Close coordination is required to manage the network of assembly plants and contract manufacturing partners for success.
Given the potential advantages of using contract manufacturers for producing products
and specialized design firms for designing their products, a firm must decide what its core
competency should be. A company’s core competency is the one thing that it can do better
than its competitors. A core competency can be anything from product design to sustained
dedication of a firm’s employees. The goal is to have a core competency that yields a longterm competitive advantage to the company.
As an example, consider Honda’s expertise in engines. Honda has been able to exploit this
core competency to develop a variety of quality products from lawn mowers and snow blowers to trucks and automobiles. To take another example from the automotive industry, it has
been claimed that Volvo’s core competency is safety.
A core competency has three characteristics:
1.
2.
3.

41

除了拥有与合同制造商以及专业
设计公司合作的潜在优势外，企业还
必须确定它们的核心竞争力。企业的
核心竞争力是，它能比其竞争者做得
更好的方面。

It provides potential access to a wide variety of markets.
It increases perceived customer benefits.
It is hard for competitors to imitate.

A good example is Black and Decker, the U.S. manufacturer
of tools. Black and Decker’s core technological competency
is in 200- to 600-watt electric motors. All of its products are
modifications of this basic technology (with the exception of
workbenches, flashlights, battery-charging systems, toaster
ovens, and coffee percolators). The company produces products for three markets:
1.

The home workshop market. In the home workshop
market, small electric motors are used to produce drills,
circular saws, sanders, routers, rotary tools, polishers,
and drivers.
2. The home cleaning and maintenance market. In
the home cleaning and maintenance market, small
electric motors are used to produce dust busters,
vacuum cleaners, hedge trimmers, edge trimmers,
lawn mowers, leaf blowers, and pressure sprayers.
3. The kitchen appliance market. In the kitchen appliance market, small electric motors
are used to produce can openers, food processors, blenders, breadmakers, and fans.
The real challenge for a firm is to decide exactly how the various functions critical to success will be handled. At one extreme is the fully vertically integrated firm where all activities
from the design to the fabrication of the individual parts are handled in-house. At the other
extreme is a company that only sells products and outsources all the design and manufacturing functions.
The following are a few examples of what some highly successful companies are doing:
•

•

Sun Microsystems designs the SPARC chips used in its high-performance workstations
but subcontracts the fabrication of those chips to specialized chip makers (while maintaining ownership of the intellectual property).
A pharmaceutical company may purchase information on genetic targets from a
genomics company, contract with a specialist in combinatorial chemistry for rapid
synthesis and screening of candidate compounds, and even utilize a contract research
organization to conduct clinical trials but retain ownership of the intellectual property
(patents, experimental data, trademarks, etc.) of the drug that eventually comes to
market.
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• Dell has developed a set of highly specialized systems that support its make-to-order
operating strategy. Dell has created a set of proprietary logistical processes that range
from the design of its Web page through its information systems infrastructure (a
process that has proved difficult for others to imitate). Dell owns the data about what
people are buying and in which combinations. It also has been vertically integrated
into final assembly facilities that are designed to efficiently produce in lot sizes of one.
Finally, while it outsources components, Dell uses longer-term relationships with its
suppliers and links them into its information system to support quick response.
本章我们首先讨论普通产品的设
计过程。在这里我们开发出一个一般
过程，并说明怎样把这个过程应用到
不同类型的普通产品中。其次，我们
讨论怎样评估新产品的经济效应和在
产品设计中怎样考虑顾客的喜好。最
后，我们评估产品的开发绩效。

In this chapter we first discuss a generic product design process. Here we develop a generic process and show how this can be adapted to various types of common products. Next,
we show how the economic impact of new products can be evaluated. Later in the chapter
we discuss how customer preferences are considered in product design. Then we show how
the design of the product impacts manufacturing and assembly processes. Finally, we discuss
measures of product development performance.

THE PRODUCT DEVELOPMENT PROCESS2
我们从定义一般产品的开发过程
开始，描述产品设计的基本步骤。这
些过程再现了一个公司提出构思、设
计产品、最终投放市场的基本流程和
活动。

概念开发。此阶段必须明确目标
市场的需求，开发并评估新产品概念，
并为进一步的开发和测试设定一个或
多个概念。概念是对产品形状、功能
和特征的描述，它通常包含规格、竞
争性产品的分析以及项目的经济情况
分析。
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We begin by defining a generic product development process that describes the basic steps
needed to design a product. This process represents the basic sequence of steps or activities
that a firm employs to conceive, design, and bring a product to market. Many of these tasks
involve intellectual rather than physical activities. Some firms define and follow a precise and
detailed development process, while others may not even be able to describe their processes.
Every organization employs a process that is different from that of every other organization;
in fact, the same organization may follow different processes for different product groups.
Our generic product development process consists of six phases, as illustrated in Exhibit 3.1.
The process begins with a planning phase, which is the link to advanced research and technology development activities. The output of the planning phase is the project’s mission statement,
which is the input required to begin the concept development phase and serves as a guide to the
development team. The conclusion of the product development process is the product launch,
at which time the product becomes available for purchase in the marketplace. Exhibit 3.1 identifies the key activities and responsibilities of the different functions of the firm during each
development phase. Because of their continuous involvement in the process, we articulate the
roles of marketing, design, and manufacturing. Representatives from other functions, such as
research, finance, field service, and sales, also play key roles at points in the process.
The six phases of the generic development process are
Phase 0: Planning. The planning activity is often referred to as “phase zero” since it
precedes the project approval and launch of the actual product development process. This
phase begins with corporate strategy and includes assessment of technology developments
and market objectives. The output of the planning phase is the project mission statement, which specifies the target market for the product, business goals, key assumptions,
and constraints.
Phase 1: Concept development. In this phase, the needs of the target market are identified, alternative product concepts are generated and evaluated, and one or more concepts
are selected for further development and testing. A concept is a description of the form,
function, and features of a product and is usually accompanied by a set of specifications,
an analysis of competitive products, and an economic justification of the project.
Phase 2: System-level design. The system-level design phase includes the definition of
the product architecture and the decomposition of the product into subsystems and components. The final assembly scheme (which we discuss later in the chapter) for the production system is usually defined during this phase as well. The output of this phase usually
includes a geometric layout of the product, a functional specification of each of the product’s subsystems, and a preliminary process flow diagram for the final assembly process.
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exhibit 3.1

The Generic Product Development Process.
Six phases are shown, including the tasks and responsibilities of the key functions of the
organization for each phase.
PHASE 0:
PLANNING

PHASE 1:
CONCEPT
DEVELOPMENT

PHASE 2:
SYSTEM-LEVEL
DESIGN

PHASE 3:
DETAIL
DESIGN

PHASE 4:
TESTING AND
REFINEMENT

PHASE 5:
PRODUCTION
RAMP-UP

MARKETING
• Articulate market
opportunity.
• Define market
segments.

• Collect customer
needs.
• Identify lead
users.
• Identify
competitive
products.

• Develop plan for
product options
and extended
product family.
• Set target sales
price point(s).

• Develop
marketing plan.

• Develop
promotion and
launch materials.
• Facilitate field
testing.

• Place early
production with
key customers.

• Investigate
feasibility of
product concepts.
• Develop industrial
design concepts.
• Build and test
experimental
prototypes.

• Generate
alternative
product
architectures.
• Define major
subsystems and
interfaces.
• Refine industrial
design.

• Define part
geometry.
• Choose materials.
• Assign tolerances.
• Complete
industrial
design control
documentation.

• Reliability testing.
• Life testing.
• Performance
testing.
• Obtain regulatory
approvals.
• Implement design
changes.

• Evaluate early
production
output.

• Estimate
manufacturing
cost.
• Assess production
feasibility.

• Identify
suppliers for key
components.
• Perform make-buy
analysis.
• Define final
assembly scheme.
• Set target costs.

• Define piecepart production
processes.
• Design tooling.
• Define quality
assurance
processes.
• Begin
procurement of
long-lead tooling.

• Facilitate supplier
ramp-up.
• Refine fabrication
and assembly
processes.
• Train workforce.
• Refine quality
assurance
processes.

• Begin operation
of entire
production
system.

• Finance: Facilitate
economic
analysis.
• Legal: Investigate
patent issues.

• Finance: Facilitate
make-buy analysis.
• Service: Identify
service issues.

DESIGN
• Consider product
platform and
architecture.
• Assess new
technologies.

MANUFACTURING
• Identify production
constraints.
• Set supply chain
strategy.

OTHER FUNCTIONS
• Research:
Demonstrate
available
technologies.
• Finance: Provide
planning goals.
• General
Management:
Allocate project
resources.

• Sales: Develop
sales plan.

Phase 3: Design detail. This phase includes the complete specification of the geometry,
materials, and tolerances of all the unique parts in the product and the identification of
all the standard parts to be purchased from suppliers. A process plan is established, and
tooling is designed for each part to be fabricated within the production system. The output
of this phase is the drawings or computer files describing the geometry of each part and
its production tooling, the specifications of purchased parts, and the process plans for the
fabrication and assembly of the product.
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细节设计。这一阶段包括对平面
图、原材料、每个产品独特部件的公
差进行说明；对于需要从供应商处购
买的特殊标准零部件，必须给出鉴
定；建立流程计划，并为等待装配的
每一零件确定生产设备。这个阶段的
成果是一些图表或计算机文档（说明
了每个部件的几何图形和生产设备）、
采购部件的说明书以及产品制造装配
的过程。
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投入生产。在投入生产阶段，将
用预定的生产设备制造产品，目的是
培训劳动力并解决生产过程中出现的
所有问题，逐步从投入生产发展到提
升产量，最后在某个时期推出产品并
大力销售。
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Phase 4: Testing and refinement. The testing and refinement phase involves the construction and evaluation of multiple preproduction versions of the product. Early prototypes are usually built with parts with the same geometry and material properties as the
production version of the product but not necessarily fabricated with the actual processes
to be used in production. Prototypes are tested to determine whether the product will work
as designed and whether the product satisfies customer needs.
Phase 5: Production ramp-up. In the production ramp-up phase, the product is made
using the intended production system. The purpose of the ramp-up is to train the workforce
and to work out any remaining problems in the production processes. Products produced
during production ramp-up are sometimes supplied to preferred customers and are carefully evaluated to identify any remaining flaws. The transition from production ramp-up
to ongoing production is usually gradual. At some point in the transition, the product is
launched and becomes available for widespread distribution.
The development process described in Exhibit 3.1 is generic, and particular processes will
differ in accordance with a firm’s unique context. The generic process is most like the process used in a market-pull situation. This is when a firm begins product development with a
market opportunity and then uses whatever available technologies are required to satisfy the
market need (i.e., the market “pulls” the development decisions). In addition to the generic
market-pull processes, several variants are common and correspond to the following: technology-push products, platform products, process-intensive products, customized products,
high-risk products, quick-build products, and complex systems. Each of these situations is
described below. The characteristics of these situations and the resulting deviations from the
generic process are summarized in Exhibit 3.2.

在技术推动型产品的开发过程
中，公司从新技术出发，寻找适合应
用该技术的市场（即依靠技术来推动
产品开发）。

Te c h n o l o g y - P u s h P r o d u c t s In developing technology-push products, a firm
begins with a new proprietary technology and looks for an appropriate market in which to
apply this technology (that is, the technology “pushes” development). Gore-Tex, an expanded
Teflon sheet manufactured by W. L. Gore & Associates, is a good example of technology
ppush. The company has developed dozens of
pproducts incorporating Gore-Tex, including artifficial veins for vascular surgery (see photo this
ppage), insulation for high-performance electric
ccables, fabric for outerwear, dental floss, and
lliners for bagpipe bags.
P l a t f o r m P r o d u c t s A platform produuct is built around a preexisting technological
subsystem (a technology platform). Examples
iinclude the hybrid motor used in the Toyota
P
Prius, the Microsoft Vista operating system, and
the video imaging system used in Canon cameras. Huge investments were made in developing these platforms, and therefore every attempt
is made to incorporate them into several different products. In some sense, platform products
are very similar to technology-push products in that the team begins the development effort
with an assumption that the product concept will embody a particular technology. The primary
difference is that a technology platform has already demonstrated its usefulness in the marketplace in meeting customer needs. The firm, in many cases, can assume that the technology
also will be useful in related markets. Products built on technology platforms are much simpler
to develop than if the technology were developed from scratch. For this reason, and because
of the possible sharing of costs across several products, a firm may be able to offer a platform
product in markets that could not justify the development of a unique technology.

工艺集中型产品的例子有半导
体、食品、药品和报纸。对于这些产
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P r o c e s s - I n t e n s i v e P r o d u c t s Examples of process-intensive products include
semiconductors, foods, chemicals, and paper. For these products, the production process has
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exhibit 3.2

Summary of Variants of Generic Product Development Process

PROCESS TYPE

DESCRIPTION

DISTINCT FEATURES

EXAMPLES

Generic (market-pull products)

The team begins with a market
opportunity and selects appropriate technologies to meet
customer needs

Process generally includes distinct
planning, concept development,
system-level design, detail design,
testing and refinement, and production ramp-up phases

Sporting goods, furniture, tools

Technology-push products

The team begins with a new
technology, then finds an
appropriate market

Planning phase involves matching
technology and market; concept
development assumes a given
technology

Gore-Tex rainwear, Tyvek
envelopes

Platform products

The team assumes that the new
product will be built around
an established technological
subsystem

Concept development assumes a
proven technology platform

Consumer electronics, computers,
printers

Process-intensive products

Characteristics of the product
are highly constrained by the
production process

Either an existing production
process must be specified from
the start or both product and
process must be developed
together from the start

Snack foods, breakfast cereals,
chemicals, semiconductors

Customized products

New products are slight variations
of existing configurations

Similarity of projects allows for a
streamlined and highly structured
development process

Motors, switches, batteries,
containers

High-risk products

Technical or market uncertainties
create high risks of failure

Risks are identified early and
tracked throughout the process
Analysis and testing activities
take place as early as possible

Pharmaceuticals, space systems

Quick-build products

Rapid modeling and prototyping
enables many design–build–test
cycles

Detail design and testing phases
are repeated a number of times
until the product is completed or
time/budget runs out

Software, cellular phones

Complex systems

System must be decomposed
into several subsystems and many
components

Subsystems and components are
developed by many teams working in parallel, followed by system integration and validation

Airplanes, jet engines,
automobiles

an impact on properties of the product so that product design cannot be separated from the
production process design. In many cases, process-intensive products are produced at very
high volumes and are bulk, rather than discrete, goods. Often, the new product and new
process are developed simultaneously. For example, creating a new shape of breakfast cereal
or snack food requires both product and process development activities. In other cases, the
existing process will constrain the product design by the capabilities of the process. This
might be true of a new paper product to be made in a particular paper mill or a new semiconductor device to be made in an existing wafer fabrication facility, for example.

品，生产工艺对产品的属性有很大的
影响，以致不能把产品的设计与生产
工艺的设计分开。

C u s t o m i z e d P r o d u c t s Customized products are slight variations of standard configurations and are typically developed in response to a specific order by a customer. Examples
include switches, motors, batteries, and containers. Developing these products consists primarily of setting values of design variables such as physical dimensions and materials. Companies
can become very good at quickly producing these custom products using a highly structured
design and development process structured around the capabilities of the process to be used.
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高风险产品在技术或市场方面有
着较大的不确定性，因此在这两个方
面存在较高的风险。

H i g h - R i s k P r o d u c t s High-risk products are those that entail unusually large uncertainties related to the technology or market so that there is substantial technical or market
risk. The generic product development process is modified to face high-risk situations by
taking steps to address the largest risks in the early stages of product development. This usually requires completing some design and test activities earlier in the process. For example, if
there is high uncertainty related to the technical performance of the product, it makes sense
to build working models of the key features and to test these earlier in the process. Multiple
solution paths may be explored in parallel to ensure that one of the solutions succeeds. Design
reviews must assess levels of risk on a regular basis, with the expectation that risk is being
reduced over time and not postponed.

STRATEGY AND SUSTAINABILITY

Q u i c k - B u i l d P r o d u c t s For the development of some products, such as software and
many electronic products, building and testing prototype models has become such a rapid
process that the design–build–test cycle can be repeated many times. Following concept
development in this process, the system-level design phase entails decomposition of the
product into high-, medium-, and low-priority features. This is followed by several cycles
of design, build, integrate, and test activities, beginning with the highest-priority items. This
process takes advantage of the fast prototyping cycle by using the result of each cycle to
learn how to modify the priorities for the next cycle. Customers may even be involved in the
testing process. When time or budget runs out, usually all of the high- and medium-priority
features have been incorporated into the evolving product, and the low-priority features may
be omitted until the next product generation.
大体积的产品（如汽车、飞机）
是由许多相互作用的子系统和零部件
构成的复杂系统。

C o m p l e x S y s t e m s Larger-scale products such as automobiles and airplanes are
complex systems composed of many interacting subsystems and components. When developing complex systems, modifications to the generic product development process address
a number of system-level issues. The concept development phase considers the architecture
of the entire system, and multiple architectures may be considered as competing concepts
for the overall system. The system-level design becomes critical. During this phase, the
system is decomposed into subsystems and these further into many components. Teams are
assigned to develop each component. Additional teams are assigned the special challenge
of integrating components into the subsystems and these into the overall system. Detail
design of the components is a highly parallel process, often referred to as concurrent
engineering, with many separate development teams working at once. System engineering
specialists manage the interactions across the components and subsystems. The testing and
refinement phase includes not only system integration but extensive testing and validation
of the product.

E C O N O M I C A N A LY S I S O F P R O D U C T
DEVELOPMENT PROJECTS3
A product development team at Polaroid Corporation was in the midst of developing a new
photograph printer, the CI-700. The CI-700 would produce instant full-color photographs
from digital images stored in a computer. The primary markets for the product are the graphic
arts, insurance, and real estate industries. During the CI-700’s development, the Polaroid
team was faced with several decisions that it knew could have a significant impact on the
product’s profitability:
• Should the team take more time for development in order to make the product available
on multiple computer “platforms” or would a delay in bringing the CI-700 to market
be too costly?
• Should the product use print media (instant film) from Polaroid’s consumer camera
business or new and specialized premium-quality print media?
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Should the team increase development spending in order to increase the reliability of
the CI-700?

It is important to remember that economic analysis can capture only those factors that are
measurable and that projects often have both positive and negative implications that are difficult to quantify. Also, it is difficult for an economic analysis to capture the characteristics of
a dynamic and competitive environment. Economic analysis is useful in at least two different
circumstances:

记住，经济分析只能基于那些可
量化的因素，而且项目几乎都包含不
可量化的因素，这会同时带来正面影
响和负面影响。

1.

Go/no-go milestones. For example, should we try to develop a product to address a
new market opportunity? Should we proceed with the implementation of a selected
concept? Should we launch the product we have developed? These decisions typically
arise at the end of each phase of development.
2. Operational design and development decisions. Operational decisions involve questions such as: Should we spend $100,000 to hire an outside firm to develop this
component in order to save two months of development time? Should we launch the
product in four months at a unit cost of $450 or wait six months, when we can reduce
the cost to $400?
We recommend that a base-case financial model be initially built to understand the financial
implications of a product development project. In the following, we describe how to construct
this model.

BUILD

A

BASE-CASE FINANCIAL MODEL

Constructing the base-case model consists of estimating the timing and magnitude of future
cash flows and then computing the net present value (NPV) of those cash flows. The timing and magnitude of the cash flows are estimated by merging the project schedule with the
project budget, sales volume forecasts, and estimated production costs. The level of detail of
cash flows should be coarse enough to be convenient to work with, yet contain enough detail
to facilitate effective decision making. The most basic categories of cash flow for a typical
new-product-development project are
•
•
•
•
•

基于案例的模型的建立包括评估
未来现金流的时间和规模，计算这些
现金流的净现值（NVP）。现金流的
时间和规模是通过项目进度表、项目
预算、销量预测以及成本估算推导出
来的。

Development cost (all remaining design, testing, and refinement costs up to production
ramp-up).
Ramp-up cost.
Marketing and support cost.
Production cost.
Sales revenue.

The financial model we use is simplified to include only the major cash flows that are typically used in practice, but conceptually it is identical to more complex models. The numerical
values of the cash flows come from budgets and other estimates obtained from the development team, the manufacturing organization, and the marketing organization. We will illustrate the approach by using data similar to what might have been used by the Polaroid team
developing the CI-700.
The following are cost estimates that we will use for our sample model:
Development cost

$5 million

Ramp-up cost

$2 million

Marketing and support cost

$1 million/year

Unit production cost

$400/unit

Sales and production volume

20,000 units/year

Unit price

$800/unit

For our model, we assume that all revenue and expenses that have occurred prior to today are
sunk costs and are irrelevant to NPV calculations. For those of you not familiar with NPV
calculations, see Appendix C at the end of the book.
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exhibit 3.3

CI-700 Project Schedule from Inception through Market Withdrawal

为了完成模型，财务预算必须结
合时间问题进行。它可以结合时间进
度和销售计划来考虑。

To complete the model, the financial estimates must be merged with timing information.
This can be done by considering the project schedule and sales plan. Exhibit 3.3 shows the
project timing information in Gantt chart form for the CI-700. For most projects, a time increment of months or quarters is most appropriate. The remaining time to market is estimated to
be five quarters, and the product sales are anticipated to last 11 quarters.
A simple method of organizing project cash flow is with a spreadsheet. The rows of the
spreadsheet are the different cash flow categories, while the columns represent successive
time periods. To keep things simple, we assume that the rate of cash flow for any category
is constant across any time period. For example, total development spending of $5 million over one year is allocated equally to each of the four quarters. In practice, of course,
the values can be arranged in any way that best represents the team’s forecast of the cash
flows. We multiply the unit sales quantity by the unit price to find the total product revenues in each period. We also multiply the unit production quantity by the unit production
cost to find the total production cost in each period. Exhibit 3.4 illustrates the resulting
spreadsheet.
Computing the NPV requires that the net cash flow for each period be determined, and
then that this cash flow be converted to its present value (its value in today’s dollars), as

建立项目现金流的一个简单方法
是电子数据表。

exhibit 3.4
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Merging the Project Financials and Schedule into a Cash Flow Report
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exhibit 3.5

CI-700 Development Cost Sensitivity
CHANGE IN
DEVELOPMENT
COST (%)

DEVELOPMENT
COST
($ THOUSANDS)

50
20
10
Base case
−10
−20
−30

7,500
6,000
5,500
5,000
4,500
4,000
2,500

CHANGE IN
DEVELOPMENT
COST ($ THOUSANDS)
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CHANGE IN
NPV (%)

NPV

CHANGE
IN NPV

($ THOUSANDS)

($ THOUSANDS)

−29.4
−11.8
−5.9
0.0
5.9
11.8
29.4

5,791
7,238
7,721
8,203
8,685
9,167
10,615

2,500
1,000
500
Base case
−500
−1,000
−2,500

−2,412
−964
−482
0
482
964
2,412

shown in the last few rows of Exhibit 3.5. Consider, for example, the calculations for year 3,
first quarter:
1.

The period cash flow is the sum of inflows and outflows.
Marketing cost

$ −250,000

Product revenues

2.

4,000,000

Production cost

−2,000,000

Period cash flow

$1,750,000

The present value of this period cash flow discounted at 10 percent per year
(2.5 percent per quarter) back to the first quarter of year 1 (a total of nine quarters) is
$1,401,275. (The concepts and spreadsheet functions for calculating present value, net
present value, and discount rate are reviewed in Supplement A.)
$1,750,000
__________
⫽ $1,401,275
1.0259

3.

The project NPV is the sum of the discounted cash flows for each of the periods,
or $8,002,819. (Note that in the spreadsheet we have rounded the numbers to the
nearest $1,000.)

The NPV of this project, according to the base-case model, is positive, so the model supports
and is consistent with the decision to proceed with development. Such modeling also can be
used to support major investment decisions. Say, for example, that Polaroid was deciding
between two different production facilities with different ramp-up, production, and support
costs. The team could develop a model for each of the two scenarios and then compare the
NPVs. The scenario with the higher NPV would better support the investment decision. We
now consider sensitivity analysis as a technique for studying multiple scenarios for ongoing
product development decisions.

S E N S I T I V I T Y A N A LYS I S
PROJECT TRADE-OFFS

TO

U N D E R STA N D

Sensitivity analysis uses the financial model to answer “what if ” questions by calculating the
change in NPV corresponding to a change in the factors included in the model. As an example, consider the sensitivity of NPV to changes in development cost. By making incremental
changes to development cost while holding other factors constant, we can see the incremental
impact on project NPV. For example, what will be the change in NPV if the development cost
is decreased by 20 percent? A 20 percent decrease would lower the total development spending from $5 million to $4 million. If development time remains one year, then the spending
per quarter would decrease from $1.25 million to $1 million. This change is simply entered
in the model, and the resulting NPV is calculated.
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敏感性分析是用经济模型来解决
“如果……怎样……”的问题，即在
模型中计算净现值是如何随着因素的
变化而变化的。
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A 20 percent decrease in development cost will increase NPV to $9,167,000. This represents a dollar increase of $964,000 and a percentage increase of 11.8 in NPV. This is
an extremely simple case: we assume we can achieve the same project goals by spending
$1 million less on development and we therefore have increased the project value by the
present value of $1 million in savings accrued over a one-year period of time. The CI-700
development cost sensitivity analysis for a range of changes is shown in Exhibit 3.5.
Many other scenarios can be developed for the project, including the following:
项目开发时间。考虑项目开发时
间延长25%的影响。开发时间将从4
个季度上升到5个季度，导致了产量
攀升、营销和产品销售等方面的延误。

财务管理模型和敏感性分析是支
持产品开发决策的强有力的工具，但
是这两项技术有很大的局限性。

研发团队必须了解这一技术的优
势和劣势，避免在新产品开发时期形
成严重的官僚作风。新产品开发应该
是发挥创新和创造力的过程。经济模
型的目的是确保团队做出经济可行的
决策。

1.

Project development time. Consider the impact of a 25 percent increase in
the project development time. This would raise the development time from four to
five quarters and delay the start of the production ramp-up, marketing efforts, and
product sales.
2. Sales volume. Increasing sales is a powerful way to increase profit. Of course, a
decrease in sales can result in significant loss. Consider, for example, the impact of a
25 percent increase and a 25 percent decrease on the profitability of the new product.
3. Product cost or sales price. Consider that a $1 increase in price or a $1 decrease in
cost results in a $1 increase in profit. Of course, the $1 increase in price may have a
significant impact on demand. Scenarios relating to these parameters are often useful
to study.
4. Development cost. A dollar spent or saved on development cost is worth the present
value of that dollar to the value of the project.

Financial modeling and sensitivity analysis are powerful tools for supporting product development decisions, but these techniques have important limitations. Many argue that rigorous
financial analyses are required to bring discipline and control to the product development
process. Others argue that financial analysis only focuses on measurable quantities and that
it is often extremely difficult to predict these values accurately. The analysis is only as good
as the assumptions built into the model, so these limitations must be considered. Possibly
more significant are those that argue that activities associated with economic modeling can be
very expensive and may significantly reduce the productivity associated with the real product
development activities. Their point is that potentially productive development time is devoted
to preparation of analyses and meetings and the cumulative effect of this planning and review
time can significantly increase development costs.
Development teams must understand the strengths and limitations of the techniques and
refrain from developing a stifling bureaucracy around the development of new products.
New-product development should be a process that nurtures innovation and creativity. The
purpose of economic modeling is simply to ensure that the team is making decisions that are
economically sound.

DESIGNING FOR THE CUSTOMER
在详细说明怎样以及为什么设计
和生产产品之前，我们从用户的角度
提出产品设计问题。

工业设计也许是制造商们做得最
糟糕的一个领域。
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Before we detail the hows and whys of designing and producing products, it is useful to
reflect (or, perhaps more accurately, to editorialize) on the issue of product design from the
user’s standpoint. In recent years, companies have been so caught up with technological
efforts and advances—especially in the field of electronics—that somewhere along the line,
consumers were forgotten. Designing for aesthetics and for the user is generally termed
industrial design. IDEO is one of the most successful industrial design firms in the world.
The unique process used at the company is described in the chapter’s opening vignette titled
“IDEO, A Design and Innovation Firm.”
Industrial design is probably the area most abused by manufacturers. When frustrated with
products—setting options on the cell phone, working on the car, adjusting a computerized
furnace thermostat, or operating a credit card telephone at the airport—most of us have said
to ourselves, “The blankety-blank person who designed this should be made to use it!” Often
parts are inaccessible, operation is too complicated, or there is no logic to setting or controlling
the unit. Sometimes even worse conditions exist: metal edges are sharp and consumers cut their
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hands trying to reach for adjustment or repairs. Many products have too many technological
features—far more than necessary. Most purchasers of electronic products cannot fully operate
them and use only a small number of the available features. This has occurred because computer chips are inexpensive and adding more controls has negligible cost. Including an alarm
clock or a calculator on a microwave oven costs little. But do you need it? What happens when
you lose the operator’s manual to any of these complex devices? Why is it that the “Help” icon
on your computer provides so little help? Where is the voice of the customer?

QUALITY FUNCTION DEPLOYMENT
One approach to getting the voice of the customer into the design specification of a product
is quality function deployment (QFD).4 This approach, which uses interfunctional teams
from marketing, design engineering, and manufacturing, has been credited by Toyota Motor
Corporation for reducing costs on its cars by more than 60 percent by significantly shortening design times.
The QFD process begins with studying and listening to customers to determine the characteristics of a superior product. Through market research, the consumers’ product needs and
preferences are defined and broken down into categories called customer requirements. One
example is an auto manufacturer that would like to improve the design of a car door. Through
customer surveys and interviews, it determines that two important customer requirements in
a car door are that it “stays open on a hill” and is “easy to close from the outside.” After
the customer requirements are defined, they are weighted based on their relative importance to
the customer. Next the consumer is asked to compare and rate the company’s products with the
products of competitors. This process helps the company determine the product characteristics
that are important to the consumer and to evaluate its product in relation to others. The end result
is a better understanding and focus on product characteristics that require improvement.
Customer requirement information forms the basis for a matrix called the house of quality
(see Exhibit 3.6). By building a house of quality matrix, the cross-functional QFD team can
use customer feedback to make engineering, marketing, and design decisions. The matrix
helps the team translate customer requirements into concrete operating or engineering goals.
The important product characteristics and goals for improvement are jointly agreed on and
detailed in the house. This process encourages the different departments to work closely
together, and it results in a better understanding of one another’s goals and issues. However,
the most important benefit of the house of quality is that it helps the team focus on building
a product that satisfies customers.

将顾客的需求融入产品设计中的
一个方法是质量功能展开。

顾客的需求信息可以用一个特
殊的矩阵表示出来，这个矩阵称为质
量屋。

QFD INVOLVES CONVERTING THE
EXPECTATIONS AND DEMANDS OF THE
CUSTOMERS INTO CLEAR OBJECTIVES, WHICH
ARE THEN TRANSLATED INTO THE VEHICLE
SPECIFICATION. FOR EXAMPLE, TOPSPEED
FOUND THAT PASSENGERS BECAME
UNCOMFORTABLE IF THE CAR ROLLED MORE
THAN

2 DEGREES AND SIDE ACCELERATION
13.2 FEET PER SECOND SQUARED.

EXCEEDED

THESE DATA WERE USED TO HELP DEFINE
DESIGN CRITERIA FOR THE CHASSIS
ENGINEERS.
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exhibit 3.6

Completed House of Quality Matrix for a Car Door

STRATEGY AND SUSTAINABILITY

oc

us
to
m
er
Customer
requirements

Water resistance

et

Acoustic
transmission, window

nc

Energy needed to
open door

rta

Check force on level
ground

Technical
characteristics

po

Door seal
resistance

Im

Energy needed to
close door

Correlation:
Strong positive
Positive
Negative
Strong negative
Competitive
evaluation
X ⫽ Us
A ⫽ Comp. A
B ⫽ Comp. B
(5 is best)
1 2 3 4
AB

Easy to close

7

X

Stays open on a hill

5

X AB

Easy to open

3

Doesn't leak in rain

3

No road noise

2

XAB
A XB

6

9

2

Reduce force to
9 lb.

Reduce energy to
7.5 ft/lb

Maintain
current level

Maintain
current level

5
4
3
2
1

6

Maintain current
level

Target values

10

Reduce energy
level to 7.5 ft/lb

X

Importance weighting

Technical evaluation
(5 is best)

5

B
A

BA
X

B XA

BA
X

X

B
A
X

B
X
A

3

A

B

Importance scale:
Strong ⫽ 9
Medium ⫽ 3
Small ⫽ 1

SOURCE: BASED ON J. R. HAUSER AND D. CLAUSING. “THE HOUSE OF QUALITY,” HARVARD BUSINESS REVIEW, MAY–JUNE 1988, PP. 62–73.

建立质量屋的第一步是列出顾客
对产品的需求，并将这些需求按重要
性进行排序，请顾客将本公司的产品
与竞争者的产品进行比较，最后确定
产品的一系列技术特征，这些技术特
征必须与顾客需求有直接的联系。

The first step in building the house of quality is to develop a list of customer requirements
for the product. These requirements should be ranked in order of importance. Customers
are then asked to compare the company’s product to the competition. Next a set of technical characteristics of the product is developed. These technical characteristics should relate
directly to customer requirements. An evaluation of these characteristics should support or
refute customer perception of the product. These data are then used to evaluate the strengths
and weaknesses of the product in terms of technical characteristics.

V A L U E A N A LYS I S / V A L U E E N G I N E E R I N G
价值分析或价值工程（VA/VE）
的目的是简化产品的生产过程。它的
目标是以更低的成本获得同样甚至更
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Another way to consider the customers in designing products is by analyzing the “value”
they see in the end product. Because it is so important that value be designed into products,
we briefly describe value analysis and value engineering. The purpose of value analysis/
value engineering (VA/VE) is to simplify products and processes. Its objective is to achieve
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equivalent or better performance at a lower cost while maintaining all functional requirements defined by the customer. VA/VE does this by identifying and eliminating unnecessary
cost. Technically, VA deals with products already in production and is used to analyze product
specifications and requirements as shown in production documents and purchase requests.
Typically, purchasing departments use VA as a cost reduction technique. Performed before
the production stage, value engineering is considered a cost-avoidance method. In practice,
however, there is a looping back and forth between the two for a given product. This occurs
because new materials, processes, and so forth, require the application of VA techniques
to products that have previously undergone VE. The VA/VE analysis approach involves
brainstorming such questions as

好的性能，同时顾客需要的所有功能
保持不变。价值分析与价值工程通过
发现并去除不必要的成本来实现这一
目标。

PRODUCT AND SERVICE DESIGN

Does the item have any design features that are not necessary?
Can two or more parts be combined into one?
How can we cut down the weight?
Are there nonstandard parts that can be eliminated?
In the following section, we describe a more formal approach that is often used to guide
the process of designing and improving the design of products.

DESIGNING PRODUCTS FOR
M A N U F A C T U R E A N D A S S E M B LY
The word design has many different meanings. To some it means the aesthetic design of a
product, such as the external shape of a car or the color, texture, and shape of the casing of
a can opener. In another sense, design can mean establishing
the basic parameters of a system. For example, before considering any details, the design of a power plant might mean
establishing the characteristics of the various units such as
generators, pumps, boilers, connecting pipes, and so forth.
Yet another interpretation of the word design is the detailing of the materials, shapes, and tolerance of the individual
parts of a product. This is the concern of this section. It is
an activity that starts with sketches of parts and assemblies
and then progresses to the computer-aided design (CAD)
workstation (described in the supplement on Operations
Technology at the end of the book), where assembly drawings
and detailed part drawings are produced. Traditionally, these
drawings are then passed to the manufacturing and assembly
engineers, whose job it is to optimize the processes used to
produce the final product. Frequently, at this stage manufacturing and assembly problems are encountered and requests
are made for design changes. Often these design changes
are major and result in considerable additional expense and
delays in the final product release.
Traditionally, the attitude of designers has been “We design
it; you build it.” This has now been termed the “over-the-wall RAPID PROTOTYPING COMBINED WITH DFMA TOOLS NOT ONLY CAN DETERMINE IF
approach,” where the designer is sitting on one side of the wall A PRODUCT WILL PERFORM ITS DESIGNED FUNCTIONS, BUT HOW WELL AND FOR HOW
and throwing the design over the wall to the manufacturing LONG. USED EARLY IN THE DESIGN CYCLE, IT LEADS TO MORE ROBUST DESIGNS FOR
MANUFACTURE, ASSEMBLY, AND PRODUCT USE, AND ALLOWS CRITICAL CHANGES TO BE
engineers. These manufacturing engineers then have to deal MADE BEFORE EXPENSIVE TOOLING IS APPLIED. A PRODUCT’S ESTHETICS AND FUNCTIONALITY
with the problems that arise because they were not involved ARE CONSIDERED JOINTLY AND RESULT IN PRODUCTS CONSTRUCTED WITH OPTIMAL
in the design effort. One way to overcome this problem is to FUNCTIONALITY, CORRECT MATERIALS, AND EFFICIENT ASSEMBLY.

jac25227_ch03_038-068.indd 53

2/6/10 8:29:19 PM

54

section 1

STRATEGY AND SUSTAINABILITY

consult the manufacturing engineers during the design stage. The resulting teamwork avoids
many of the problems that will arise. These concurrent engineering teams require analysis
tools to help them study proposed designs and evaluate them from the point of view of manufacturing difficulty and cost.

HOW DOES DESIGN FOR MANUFACTURING
A N D A S S E M B LY ( D F M A ) W O R K ?

目前的设计包括19个部件。它
们必须组装起来，电机才能正常工作。
这些部件包括两个组件—电机和传
感器，附加的8个主要部件（盒盖、
基座、两个轴衬、两个螺钉、一个塑
料套管和底板），以及9个螺丝钉。

exhibit 3.7

Let’s follow an example from the conceptual design stage.5 Exhibit 3.7 represents a motor
drive assembly that is required to sense and control its position on two steel guide rails. This
might be the motor that controls a power window in a drive-through window at McDonald’s,
for example. The motor must be fully enclosed and have a removable cover for access to
adjust the position sensor. A major requirement is a rigid base designed to slide up and down
the guide rails, which will both support the motor and locate the sensor. The motor and sensor
have wires connecting to a power supply and control unit.
A proposed solution is shown in Exhibit 3.8. The base has two bushing inserts so that the
holes will not wear out. The motor is secured to the base with two screws, and a hole accepts
the cylindrical sensor, which is held in place with a set screw. To provide the required covers,
an end plate is screwed to two stand-offs, which are screwed into the base. To keep the wires
from shorting out on the metal cover, should they become worn, a plastic bushing is fitted to
the end plate, through which the wires pass. Finally, a box-shaped cover slides over the whole
assembly from below the base and is held in place by four screws, two passing into the base
and two passing into the end cover.
The current design has 19 parts that must be assembled to make the motor drive. These
parts consist of the two subassemblies—the motor and the sensor—an additional eight main
parts (cover, base, two bushings, two stand-offs, a plastic bushing, and the end plate), and
nine screws.
The greatest improvements related to DFMA arise from simplification of the product by
reducing the number of separate parts. In order to guide the designer in reducing the part

Configuration of Required Motor Drive Assembly

3.25"
Attached to
screw drive
Guide rails

Connecting wires

Motor-driven
assembly inside
cover
Controlled
gap
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exhibit 3.8

Proposed Motor Drive Design

Cover screw (4)
0.12 dia  0.3

End plate
l.c. steel, painted
4.5  2.5  1.3

Bush (2)
brass, impregnated
powder metal
0.5 dia  0.8
Motor
2.75 dia  4.75

Cover 16-gauge
steel, painted
soldered seams
4.5  2.75  24

Plastic bushing
0.7 dia  0.4
Motor screw (2)
0.2 dia  0.6

Set screw
0.06  0.12
Base
aluminum, machined
4  21.2  1

Sensor
0.187  1

Stand-off
l.c. steel, machined
0.5 dia  2

End plate screw (2)
0.2 dia  0.5

count, the methodology provides three criteria against which each part must be examined as
it is added to the product during assembly:
1.

During the operation of the product, does the part move relative to all other parts
already assembled?
2. Must the part be of a different material than or be isolated from other parts already
assembled?
3. Must the part be separate from all other parts to allow the disassembly of the product
for adjustment or maintenance?
Application of these criteria to the proposed design would proceed as follows:
1.
2.
3.
4.

5.
6.
7.
8.
9.
10.
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Base. Because this is the first part to be assembled, there are no other parts with
which to combine, so it is theoretically a necessary part.
Bushings (2). These do not satisfy the second criterion. Theoretically, the base and
bushings could be of the same material.
Motor. The motor is a subassembly purchased from a supplier. The criteria do not
apply.
Motor screws (2). In most cases, separate fasteners are not needed, because a
fastening arrangement integral to the design (for example, snapping the part into
place) is usually possible.
Sensor. This is another standard subassembly.
Set screw. Similar to 4, this should not be necessary.
Standoffs (2). These do not meet the second criterion; they could be incorporated
into the base.
End plate. This must be separate to allow disassembly (apply criterion three).
End plate screws (2). These should not be necessary.
Plastic bushing. Could be of the same material as, and therefore combined with, the
end plate.
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exhibit 3.9

Redesign of Motor Drive Assembly Following Design for Assembly (DFA) Analysis

11.
12.

STRATEGY AND SUSTAINABILITY

Cover. Could be combined with the end plate.
Cover screws (4). Not necessary.

From this analysis, it can be seen that if the motor and sensor subassemblies could be
arranged to snap or screw into the base, and if a plastic cover could be designed to snap on,
only 4 separate items would be needed instead of 19. These four items represent the theoretical minimum number needed to satisfy the constraints of the product design.
At this point, it is up to the design team to justify why the parts above the minimum should
be included. Justification may be based on practical, technical, or economic considerations.
In this example, it could be argued that two screws are needed to secure the motor and that
one set screw is needed to hold the sensor, because any alternatives would be impractical for
a low-volume product such as this. However, the design of these screws could be improved
by providing them with pilot points to facilitate assembly.
Exhibit 3.9 is a drawing of a redesigned motor drive assembly that uses only seven separate parts. Notice how the parts have been eliminated. The new plastic cover is designed to
snap on to the base plate. This new product is much simpler to assemble and should be much
less expensive due to the reduced number of parts.

DESIGNING SERVICE PRODUCTS

A SERVICE EXPERIENCE FIT: DISNEYLAND VISITORS HAVE THEIR PHOTO TAKEN BY AN
EMPLOYEE OF THE PARK.
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A
As we saw in the last section, the detailed design of manudfactured products is focused on reducing the number of parts
rin the item and designing the item in such a way that it
dbcan be efficiently produced. Service products are very
vdifferent because direct customer involvement in the
pprocess introduces significant variability in the process in
tterms of both the time that it takes to serve a customer and
tthe level of knowledge required of the firm’s employees.
Questions that should be addressed in the design of a serQ
vvice include: How will this variability be addressed? and
W
What are the implications for operational cost and the custtomer service experience?
An important issue in developing a new service or modifyiing an existing one is the question of fit. Frei identifies the
following three general factors for determining this: the service
experience fit, the operational fit, and the financial impact.6
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1.

Service experience fit. This means that the new service should fit into the current
service experience for the customer. For example, Disneyland has started positioning employees with cameras around the park at memorable locations offering to
take pictures of visitors that can be viewed online later. As a part of the greater
service experience of making dreams come true and recording them, this has a good
service experience fit. However, some services, like a car wash with a restaurant in
the waiting area, are less complementary.
2. Operational fit. Even the greatest service ideas require operational support to
execute. One example of this is when grocery stores decided to offer home delivery.
Even though this seemed like a logical extension of the service experience, it required
completely new operational skills, such as selecting perishables for customers and
delivering frozen foods.
3. Financial impact. Designing and implementing a new service is costly and should
be financially justified. Although this is often thought of in a positive sense of making
a profit, it can just as well be introducing a new service in order to keep from losing
valued customers.
C o m p l e x i t y a n d D i v e r g e n c e A useful way of analyzing the operational fit for new
service development is by specifying the complexity and divergence of the proposed service
process relative to the basic service process. Complexity is the number of steps involved in
a service and possible actions that can be taken at each step. Divergence is the number of
ways a customer/service provider interaction can vary at each step according to the needs
and abilities of each. The result may be a combination of higher complexity/divergence on
some steps and lower complexity/divergence on others. This can be used to determine different resource requirements such as worker skills, layout, and process controls. For example,
the hypothetical family restaurant shown in Exhibit 3.10 is considering whether to change
the service to create a new process format. Relative to the current process, a minimum service
format would have lower complexity/divergence, while an upscale format would have higher
complexity/divergence.

复杂性指的是一项服务涉及的步
骤数以及在这个步骤上可能进行的动
作。多样性指的是各步骤上顾客和服
务提供者的交互方式因每一步骤的需
要和能力的不同而不同。最后的结果
可能是某些步骤具有高复杂性或多样
性，其他步骤则具有低多样性或复杂性。

exhibit 3.10

Structural Alternatives for a Family Restaurant7

PROCESS NAME

LOWER COMPLEXITY/
DIVERGENCE

CURRENT PROCESS

Reservations
Seating

No reservations
Guests seat themselves

Take reservation
Host shows guests the table

Menus
Bread
Ordering

No menu
No bread offered at the table
Guests pick their food
from buffet line
Salad bar
Entrees offered on the buffet

Menus on the table
Serve bread and butter
Take orders

Dessert bar
Guests get their drinks from
the drink station
No service
Paid at entry to buffet
Guests are asked to bus the
table themselves

Dessert (6 choices)
Beverage (6 choices)

Salads
Entrees
Desserts
Beverages
Service during the meal
Payment
Table clearing
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Prepare orders
Entree (15 choices)

Serve orders
Collect payment
Bus boy clears table at the end

HIGHER COMPLEXITY/
DIVERGENCE
Specific table selection
Maitre d’ escorts guests to seats, pulls out
chairs, and places napkins in their laps
Recite menu; describe entrees and specials
Assortment of hot breads and hors d’oeuvres
At table; taken personally by maitre d’
Individually prepared at table
Expand to 20 choices; add flaming or sizzling
dishes, deboning fish at the table
Expand to 12 choices
Add exotic coffees, wine list, liqueurs
Separate-course service; hand-grind pepper
Choice of payment, including house accounts
Bus boy clears table throughout the
meal
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E C O D E S I G N8
Ecodesign is the incorporation of environmental considerations in the design and development of products or services. Ecodesign is an extension of the other important requirements
considered in the design process such as quality, costs, manufacturability, functionality,
durability, ergonomics, and aesthetics. As a result, ecodesigned products are innovative,
have better environmental performance, and are of a quality
at least equal to the market standard. This makes the use of
eecodesign increasingly important for business and leads to
cclear advantages for those companies incorporating ecodesign. Ecodesign adopts an integrated approach to the relattionship between products and services and the environment
oon three levels:
•

The whole life cycle of the product or service is considered.
The environmental impacts of a product arise not only during its manufacturing and use or when it has become waste,
but throughout its entire life cycle. It includes the extraction and transport of resources needed to manufacture the
product, the manufacturing processes, distribution, use and
maintenance, reuse, and the treatment of its waste.
• The product is considered as a system. All the elements needed to develop the product’s function (consumables, packagTHE NEW, EFFICIENT ECOBOOST ENGINE FROM FORD AT THE FRANKFURT MOTOR SHOW IN
ing, energy networks) must also be taken into account.
2009.
• A multicriteria approach is considered. All different environmental impacts that can be generated by a product system
along its life cycle are assessed in order to avoid trade-offs between different impact
categories (for example, resource depletion, greenhouse effect, and toxicity). This is
discussed in more depth in Chapter 11 as it relates to the sourcing of material.
The application of ecodesign can benefit business, users, and society at the same time because
it responds to the common interest of obtaining more efficient products in an economic as
well as environmental dimension. The producer manufactures a product using fewer materials;
using less water, energy, and so on; and generating less waste to be managed. Consequently,
the manufacturing costs are reduced. The user buys a more reliable and durable product that
will need less energy or consumables to function and can be easily repaired when necessary.
Society will benefit by increasing the future availability of resources for other products or
services and by preventing possible environmental damage, thereby saving any corresponding treatment or remediation costs.
In addition, European regulations recognize and emphasize producers’ responsibility in
minimizing the environmental impacts of their products and services. Ecodesign can help
producers to manage that responsibility and comply with product-related legislation.

MEASURING PRODUCT DEVELOPMENT
PERFORMANCE
大量证据显示，不断生产新的产
品投放市场，对企业竞争能力的提高
是非常重要的。为了获得成功，企业
必须对不断变化的顾客需求和竞争对
手的行动做出反应。
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There is strong evidence that generating a steady stream of new products to market is
extremely important to competitiveness. To succeed, firms must respond to changing customer needs and the moves of their competitors. The ability to identify opportunities, mount
the development effort, and bring to market new products and processes quickly is critical.
Firms also must bring new products and processes to market efficiently. Because the number

2/6/10 8:29:33 PM

PRODUCT AND SERVICE DESIGN

chapter 3

e x h i b i t 3 . 11

Performance Measures for Development Projects
PERFORMANCE
DIMENSION

MEASURES

59

IMPACT ON
COMPETITIVENESS

Time to market

Frequency of new product introductions
Time from initial concept to market introduction
Number started and number completed
Actual versus plan
Percentage of sales coming from new products

Responsiveness to customers/competitors
Quality of design—close to market
Frequency of projects—model life

Productivity

Engineering hours per project
Cost of materials and tooling per project
Actual versus plan

Number of projects—freshness and breadth
of line
Frequency of projects—economics of
development

Quality

Conformance—reliability in use
Design—performance and customer satisfaction
Yield—factory and field

Reputation—customer loyalty
Relative attractiveness to customers—
market share
Profitability—cost of ongoing service

SOURCE: REPRINTED WITH THE PERMISSION OF THE FREE PRESS, A DIVISION OF SIMON & SCHUSTER ADULT PUBLISHING GROUP, FROM S. C. WHEELWRIGHT
K. B. CLARK, REVOLUTIONIZING PRODUCT DEVELOPMENT: QUANTUM LEAPS IN SPEED, EFFICIENCY, AND QUALITY, PP. 6–8. COPYRIGHT © 1992 BY
STEVEN C. WHEELWRIGHT AND KIM B. CLARK. ALL RIGHTS RESERVED.

AND

of new products and new process technologies has increased while model lives and life cycles
have shrunk, firms must mount more development projects than previously, and these projects must use substantially fewer resources per project.
In the U.S. automobile market, for example, the growth of models and market segments
over the last 25 years has meant that an auto firm must initiate close to four times as many
development projects simply to maintain its market share position. But smaller volumes
per model and shorter design lives mean resource requirements must drop dramatically.
Remaining competitive requires efficient engineering, design, and development activities.
Measures of product development success can be categorized into those that relate to
the speed and frequency of bringing new products online, to the productivity of the actual
development process, and to the quality of the actual products introduced (see Exhibit 3.11).
Taken together, time, quality, and productivity define the performance of development, and in
combination with other activities—sales, manufacturing, advertising, and customer service—
determine the market impact of the project and its profitability.

评价产品开发是否成功有以下几
个标准：推出新产品的速度和频率、
开发流程的效率、推出产品的质量。

S U M M A RY
Product development is a major challenge that directly impacts the long-range success of a
firm. Effectively managing the process requires an integrated effort involving all the functional areas of the firm. In this chapter, a generic process for developing products has been
discussed. How this generic process is modified for various types of products is considered.
An economic plan that ties the timing of the various product development activities to the
project budget is essential for making good decisions as the process progresses. In the chapter, we also gave some insight into how the customer view may be incorporated into the
product design process. Designing a product that can be produced efficiently is an interesting
engineering exercise that we briefly introduced in the chapter. We also discussed how operational fit of a new or modified service can be evaluated in developing new service products
as well as new developments in ecodesign. Finally, we considered various measures that are
useful for monitoring a firm’s product design activities.
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KEY TERMS
Contract manufacturer An organization capable of manufacturing
and/or purchasing all the components needed to produce a finished
product or device.
Core competency The one thing that a firm can do better than its
competitors. The goal is to have a core competency that yields a
long-term competitive advantage to the company.
Concurrent engineering Emphasizes cross-functional integration and
concurrent development of a product and its associated processes.

House of quality A matrix that helps a product design team translate
customer requirements into operating and engineering goals.
Value analysis/value engineering (VA/VE) Analysis with the purpose of simplifying products and processes by achieving equivalent
or better performance at a lower cost.
Ecodesign The incorporation of environmental considerations into
the design and development of products or services. These concerns
relate to the entire life cycle including materials, manufacturing,
distribution and the eventual disposal of waste.

Quality function deployment (QFD) A process that helps a company determine the product characteristics important to the consumer
and to evaluate its own product in relation to others.

SOLVED PROBLEM
VidMark, a manufacturer of cell phones, is currently developing a new model (VidPhone X70) that
will be released on the market when development is complete. This phone will be revolutionary in
that it will allow the user to place video phone calls. VidMark is concerned about the development
cost and time. They are also worried about market estimates of the sales of the new VidPhone X70.
The cost estimates and forecast are given in the table below.
Development Cost
Development Time
Ramp-up Cost
Marketing and Support Cost
Unit Production Cost
Unit Price
Sales and Production Volume
Year 3
Year 4
Year 5

$2,00,000
2 years
$750,000
$500,000/year
$75
$135
40,000
50,000
40,000

Use the data above to develop a base-case analysis. The project schedule is shown below with timings of the cash flows.
Project Schedule
VidPhone X70

Year
1

Year
2

Year
3

Year
4

Year
5

Development
Ramp-up
Marketing and Support
Production and Sales

There are several questions that need to be answered for VidMark on this project:
a. What are the yearly cash flows and their present value (discounted at 12%) of this project? What
is the net present value?
b. What is the impact on VidMark if sales estimates are off by 20%?
c. What is the impact on VidMark if unit production cost is $85?
d. VidMark thinks that it can cut the development time in half by spending an extra $1,500,000 on
development for this project. If the product is launched a year earlier, then the product will still
have a 3-year life but the forecast starting in year 2 will be 48,000, 60,000, and 50,000. Is it worth
it to VidMark to spend the extra money on development?
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Solution
a. Start by building the base-case scenario (analysis is in 000).
PROJECT SCHEDULE
VIDPHONE X70
Development
Ramp-up
Marketing and Support
Production Volume
Unit Production Cost (dollars)

YEAR
1

YEAR
2

−$1,000

−$1,000
−$750
−$500

Production Costs

YEAR
3

YEAR
4

YEAR
5

−$500
40
−$75

−$500
50
−$75

−$500
40
−$75

−$3,000

−$3,750

−$3,000

40
$135

50
$135

40
$135

$5,400

$6,750

$5,400

Sales Volume
Unit Price (dollars)
Sales Revenue
Period Cash Flow

−$1,000

−$2,250

$1,900

$2,500

$1,900

PV Year 1 (r = 12%)

−$1,000

−$2,009

$1,515

$1,779

$1,207

Project NPV

$1,493

The cash flows and present value of the cash flows are shown. The project NPV under the base
case is $1.493 million.
b. If sales are reduced by 20%, then project NPV drops to $378,000.
PROJECT SCHEDULE
VIDPHONE X70

YEAR
1

YEAR
2

YEAR
3

YEAR
4

YEAR
5

Period Cash Flow
PV Year 1 (r = 12%)

−$1,000
−$1,000

−$2,250
−$2,009

$1,420
$1,132

$1,900
$1,352

$1,420
$902

Project NPV

$378

If sales are increased by 20%, then project NPV goes up to $2.607 million. A change of 20%
either way has a large impact on the NPV.
PROJECT SCHEDULE
VIDPHONE X70

YEAR
1

YEAR
2

Period Cash Flow
PV Year 1 (r = 12%)

−$1,000
−$1,000

−$2,250
−$2,009

Project NPV

YEAR
3

YEAR
4

YEAR
5

$2,380
$1,897

$3,100
$2,207

$2,380
$1,513

$2,607

c. Increased unit production costs.
PROJECT SCHEDULE
VIDPHONE X70

YEAR
1

YEAR
2

YEAR
3

YEAR
4

YEAR
5

Period Cash Flow
PV Year 1 (r = 12%)

−$1,000
−$1,000

−$2,250
−$2,009

$1,500
$1,196

$2,000
$1,424

$1,500
$953

Project NPV

$564

The cash flows are severely affected by the increased unit production cost. Increased future cash
outflow of $1.3 million (130,000 units * $10 increase) causes a decrease in net present value of
$929,000 ($1.493 million − $.564 million). However, it still appears to be worth developing the
new phone.
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d. Here are the changes proposed by VidMark:
Development Cost
Development Time
Ramp-up Cost
Marketing and Support Cost
Unit Production Cost
Unit Price
Sales and Production Volume
Year 2
Year 3
Year 4

$3,500,000
1 year
$750,000
$500,000/year
$75
$135
48,000
60,000
50,000

Use the data above to develop a base-case analysis. The project schedule is shown below with
timings of cash flows.
Project Schedule
VidPhone X70

Year
1

Year
2

Year
3

Year
4

Development
Ramp-up
Marketing and Support
Production and Sales

It appears that VidMark is better off to take two years to develop its new VidPhone X70 because
the NPV of the base case is $1.493 million versus the fast development NPV of $1,625,000 (see
table below).
PROJECT SCHEDULE
VIDPHONE X70
Development
Ramp-up
Marketing and Support
Production Volume
Unit Production Cost (dollars)

YEAR
1
−$3,500
−$750
−$500

Production Costs
Sales Volume
Unit Price (dollars)
Sales Revenue

1
2

3
4
5
6
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YEAR
3

YEAR
4

−$500
48
−$75

−$500
60
−$75

−$500
50
−$75

−$3,600

−$4,500

−$3,750

48
$135

60
$135

50
$135

$6,480

$8,100

$6,750

Period Cash Flow

−$4,750

$2,380

$3,100

$2,500

PV Year 1 (r = 12%)

−$4,750

$2,125

$2,471

$1,779

Project NPV

REVIEW

YEAR
2

AND

$1,625

DISCUSSION QUESTIONS

Describe the generic product development process described in the chapter. How does the
process change for “technology-push” products?
Discuss the product design philosophy behind industrial design and design for manufacture
and assembly. Which one do you think is more important in a customer-focused product
development?
Discuss design-based incrementalism, which is frequent product redesign throughout the product’s life. What are the pros and cons of this idea?
What factors must be traded off by product development before introducing a new product?
How does the QFD approach help? What are some limitations of the QFD approach?
Do the concepts of complexity and divergence apply to an online sales company such as
Dell Computer?
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INTERNET ENRICHMENT EXERCISE
Consider a product or service currently produced that you are interested in purchasing. Based
on the concepts of quality function deployment (QFD), develop a 3 by 3 house of quality matrix
(three customer requirements translated into three technical requirements) for this product or
service, completing all the appropriate sections of the matrix. For reference and help with the
exercise, access the interactive tutorial provided at http://www.gsm.mq.edu/au/cmit/.

PROBLEMS
1

The Tuff Wheels was getting ready to start its development project for a new product to be
added to their small motorized vehicle line for children. The new product is called the Kiddy
Dozer. It will look like a miniature bulldozer, complete with caterpillar tracks and a blade. Tuff
Wheels has forecasted the demand and the cost to develop and produce the new Kiddy Dozer.
The table below contains the relevant information for this project.
Development Cost
Estimated Development Time
Pilot Testing
Ramp-up Cost
Marketing and Support Cost
Sales and Production Volume
Unit Production Cost
Unit Price
Interest Rate

$1,000,000
9 months
$200,000
$400,000
$150,000 per year
60,000 per year
$100
$170
8%

Tuff Wheels also has provided the project plan shown below. As can be seen in the project plan,
the company thinks that the product life will be three years until a new product must be created.
Project Schedule
Kiddy Dozer
Development
Pilot Testing
Ramp-up
Marketing and Support
Production and Sales

q1

Year 1
q2 q3

q4

q1

Year 2
q2 q3

q4

q1

Year 3
q2 q3

q4

q1

Year 4
q2 q3

q4

a. What are the yearly cash flows and their present value (discounted at 8%) of this project?
What is the net present value?
b. What is the impact on NPV for the Kiddy Dozer if the actual sales are 50,000 per year or
70,000 per year?
c. What is the effect caused by changing the discount rate to 9%, 10%, or 11%?
2 Perot Corporation is developing a new CPU chip based on a new type of technology. Its new
chip, the Patay2 chip, will take two years to develop. However, because chip manufacturers
will be able to copy the technology, it will have a market life of two years after it is introduced.
Perot expects to be able to price the chip higher in the first year, and it anticipates a significant
production cost reduction after the first year as well. The relevant information for developing
and selling the Patay2 is given below.
PATAY2 CHIP PRODUCT ESTIMATES
Development Cost
Pilot Testing
Debug
Ramp-up Cost
Advance Marketing
Marketing and Support Cost
Unit Production Cost Year 1
Unit Production Cost Year 2
Unit Price Year 1
Unit Price Year 2
Sales and Production Volume Year 1
Sales and Production Volume Year 2
Interest Rate
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$20,000,000
$5,000,000
$3,000,000
$3,000,000
$5,000,000
$1,000,000 per year
$655.00
$545.00
$820.00
$650.00
250,000
150,000
10%
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Patay2 Chip Project Timing
Project Schedule
Patay2 Chip
Development
Pilot Testing
Debug
Ramp-up
Advance Marketing
Marketing and Support
Production and Sales

Year 1
1st
2nd
half
half

Year 2
1st
2nd
half
half

Year 3
1st
2nd
half
half

Year 4
1st
2nd
half
half

WHATs versus HOWs
Strong Relationship:
Medium Relationship:
Weak Relationship:

Physical Aspects
Course location
Grounds maintenance
Landscaping
Pin placement
Course tuning
Tee placement
Service Facilities
Customer-trained attendants
Top-quality food
Highly rated chefs
Attractive restaurant
Tournament Activities
Calloway handicapping
Exciting door prizes
Perception Issues
Invitation only
Types of guests
Income level
Celebrity

a. What are the yearly cash flows and their present value (discounted at 10%) of this project?
What is the net present value?
b. Perot’s engineers have determined that spending $10 million more on development will
allow them to add even more advanced features. Having a more advanced chip will allow
them to price the chip $50 higher in both years ($870 for year 1 and $700 for year 2). Is it
worth the additional investment?
c. If sales are only 200,000 the first year and 100,000 the second year, would Perot still do the
project?
3 Pick a product and list issues that need to be considered in its design and manufacture. The
product can be something like a stereo, telephone, desk, or kitchen appliance. Consider
the functional and aesthetic aspects of design as well as the important concerns for manufacturing.
4 The chart below is a partial house of quality for a golf country club. Provide an importance
weighting from your perspective (or that of a golfing friend) in the unshaded areas. If you can,
using the QFD approach, compare it to a club where you or your friends play.

Physical Aspects
Manicured grounds
Easy access
Challenging
Service Facilities
Restaurant facilities
Good food
Good service
Good layout
Plush locker room
Helpful service attendants
Tournament Facilities
Good tournament prize
Types of players
Fair handicapping system
Perception Issues
Prestigious
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PRICING

The Swedish retailer dominates markets in 32 countries, and now
it’s poised to conquer North America. Its battle plan: Keep making
its offerings less expensive, without making them cheap.
Above all else, one factor accounts for IKEA’s success: good
quality at a low price. IKEA sells household items that are cheap
but not cheapo, at prices that typically run 30 to 50 percent below
the competition’s. While the price of other companies’ products
tends to rise over time, IKEA says it has reduced its retail prices
by a total of about 20 percent during the past four years. At IKEA
the process of driving down costs starts the moment a new item is
conceived and continues relentlessly throughout its production run.
The price of a basic Pöang chair, for example, has fallen from $149
in 2000 to $99 in 2001 to $79 today. IKEA expects the most recent
price cut to increase Pöang sales by 30 to 50 percent.
IKEA’s corporate mantra is “Low price with meaning.” The goal
is to make things less expensive without ever making customers
feel cheap. Striking that balance demands a special kind of design,
manufacturing, and distribution expertise. But IKEA pulls it off in
its own distinctive way: tastefully, methodically, even cheerfully,
and yet somehow differently than any other company anywhere.
Here’s a step-by-step guide to how IKEA designs, builds, and
distributes the items that the entire world wants to buy.
The Trofé mug is one of the most popular IKEA products.
The story of the mug is an example of how IKEA works, from a
coworker’s bright idea through to production and sales. It is also
a story about all the demands that we and our customers place on
IKEA. A low price tag is the obvious one, but other requirements
include function, modern design, environmental considerations, and
making sure products have been manufactured under acceptable
working conditions. Both customers and coworkers must be able
to rely on IKEA.
STEP 1. PICK A PRICE
Product Development—A sketch for a new product? Yes, but it’s
also a calculation of what that product will cost. The low price
begins at the drawing board.
The team behind each product consists of designers, product
developers, and purchasers who get together to discuss design,
materials, and suitable suppliers. Everyone contributes with their
specialist knowledge. Purchasers, for example, use their contacts with
suppliers all over the world via IKEA Trading Service Offices. Who
can make this at the best quality for the right price at the right time?
When product developer Pia Eldin Lindstén was given the task
of creating a new mug over five years ago, she was also told how
much it should cost in the stores. In the case of Trofé, the price had
to be incredibly low—five Swedish kronor! This mug had to have
a real knock-out price.
To produce the right mug at the right price, Pia and her
colleagues had to take into account materials, colors, and design.
For example, the mug is made in green, blue, yellow, or white as
these pigments cost less than other shades, such as red.
STEP 2. CHOOSE A MANUFACTURER
Suppliers and Purchasing—The task of developing products never
ends. Working with suppliers, the mug was shortened and the
handle changed so it stacks more efficiently, saving space for transport, warehousing, and store display—and, not least, in the customers’ cupboards at home. IKEA is always keen to banish as much air
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as possible from its packaging. Packages should preferably be flat
for efficient transport and storage.
One supplier, a factory in Romania, has worked with IKEA for
15 years. Long-term relationships help both parties to build up a
huge fund of knowledge about demands and expectations. That is
why products are often developed in close cooperation with suppliers. In the case of Trofé, for example, the new size has rationalized
production by making better use of the space in the kiln during the
firing process. That’s cost-effective and saves time.
IKEA has introduced a code of conduct governing working conditions and environmental awareness among suppliers. This deals
with matters such as health and safety in the workplace and forbids
the use of child labor. The practical work of implementing this code
of conduct is carried out by coworkers in IKEA Trading Service
Offices worldwide. Many suppliers already meet the demands;
others are working together with IKEA to carry out the necessary
improvements. IKEA also works closely with external quality
control and audit companies who check that IKEA and its suppliers
live up to the requirements of the code of conduct.
The low price tag is crucial to the vision IKEA has of creating a
better everyday life for many people. That is why IKEA works nonstop to reduce costs. But it’s also a question of saving raw materials
and, ultimately, the environment. The low-cost mug is one example
of how environmental considerations can influence the development
of products. For example, the new mug is lighter in color—a move
that cuts costs and is more environmentally friendly. The less pigment
that is used, the better. The mug is also lead and cadmium free.
STEP 3. DESIGN THE PRODUCT
With a price point and a manufacturer in place, IKEA once again
uses internal competition to find a designer and select a design for
production. The designer begins the design process by writing a
brief that explains the product’s price, its function, the materials to
be used, and the fabricator’s capabilities. The designer then sends
the brief to IKEA’s staff designers and freelancers, and refines
promising designs until settling on the one to produce. The designer
wants products to be like Swiss Army knives—to get maximum
functionality at minimum cost.
STEP 4. SHIP IT
Distribution and logistics are the lifeblood of IKEA and important
pieces of the puzzle on their road to a low price. IKEA strives to
deliver the right number of goods to the right stores at the right
time. They calculate the goods requirements and make sure that
deliveries are efficient.
Each pallet holds 2,024 mugs, which are transported from
Romania by rail, road, and sea to IKEA distribution centers around
the world. Transportation does, of course, have an effect on the
environment, but IKEA is working toward reducing environmental
impact.
Many of IKEA’s products are bulky, for example, tables and
chairs. IKEA pioneered the concept of flat. The company’s eureka
moment occurred in 1956, when one of IKEA’s first designers
watched a customer trying to fit a table into his car. There was
only one way to do it: Remove the legs. From that day forward,
most IKEA products have been designed to ship disassembled, flat
enough to be slipped into the cargo hatch of a station wagon or
safely tied down on an auto’s roof rack.
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In IKEA’s innately frugal corporate culture, where waste has
been declared a “deadly sin,” the flat package is also an excellent
way to lower shipping costs by maximizing the use of space inside
shipping containers. The company estimates transport volume
would be six times greater if its items were shipped assembled.
From the design studio to the warehouse floor, IKEA employees’
mantra is always the same: “We don’t want to pay to ship air.”
Making things flat is an IKEA obsession. How many times can
you redesign a simple fired-clay coffee mug? IKEA’s mug was
redesigned three times—simply to maximize the number of them
that can be stored on a pallet. Originally, only 864 mugs would fit.
A redesign added a rim such as you’d find on a flowerpot, so that
each pallet could hold 1,280 mugs. Yet another redesign created a
shorter mug with a new handle, allowing 2,024 to squeeze onto a
pallet. While the mug’s sales price has remained at 50 cents, shipping costs have been reduced by 60 percent, which is a significant
savings, given that IKEA sells about 25 million of the mugs each
year. Even better, the cost of production at IKEA’s Romanian factory also has fallen because the more compact mugs require less
space in the kiln.
When you ship 25 million cubic meters of goods all over the
globe, flat-pack frugality adds up. IKEA now uses a 65 percent
average fill-rate target for all the containers it ships, and it hopes
to increase that to 75 percent. Meeting that goal will require
further design changes and sometimes even sucking the air out
of items (like IKEA’s shrink-wrapped pillows, which look like
giant crackers on store shelves). And, of course, flat packing
shifts the cost of product assembly to the customer, saving even
more.
As IKEA has shifted more of its buying from Europe to the Far
East, shipping time and costs have become an even more critical
concern. Last year China tied Sweden atop IKEA’s list of supplier countries. The company has responded by creating a global
network of distribution centers, most of which are near container
ports and major truck and rail routes. There are 18 IKEA distribution centers worldwide—which handle about 70 percent of IKEA’s
total product line—and 4 more are under construction. The other
30 percent of IKEA’s products travel directly from supplier to
store.
Sometimes, however, product components actually come together
for the first time in the store. In the case of the Pöang chair, the cushion comes from Poland and the frame from China. The two pieces are
united only when the customer pulls each one off the shelf.
STEP 5. SELL IT
IKEA sells a lot of expensive furniture, and in a traditional store
this is relatively easy: Put a piece in a lush setting, let the customer
fall prey to visions of wealth and comfort, then offer plenty of easy
credit. But to keep prices low, IKEA needs to sell furniture and other
products such as the mug without salespeople or conspicuous price
reductions. The company asks customers to assemble their furniture
themselves. And IKEA doesn’t want to ship it to you either. By any
conventional measure, these are formidable hurdles to overcome.
Yet they also explain why IKEA has worked so hard to create a
separate world inside its stores—a kind of theme park masquerading as a furniture outlet—where normal rules and expectations don’t
apply.

The Trofé mugs arrive at IKEA stores packed on pallets.
Any transportation packaging is collected for recycling. Price
tags have already been placed on the mugs at the suppliers.
In-store display is important. It’s not just a question of displaying mugs and other products. It’s also about providing
inspiration for smart interior solutions. Customers contribute
to the low prices at IKEA by selecting and collecting the products from the self-serve area, taking them home, and using
the instructions enclosed to assemble them. Many will have
already chosen the products from the IKEA catalogue, of which
110 million copies are printed in 34 different language versions.
When you walk through the door of an IKEA store, you enter
a meticulously constructed virtual Sweden. The first thing you
encounter is a company-sponsored child-care facility. Hungry?
Have some of those Swedish meatballs and lingonberries. The
layout of an IKEA store guides shoppers in a predetermined path
past several realistic model homes, which convey an eerily lived-in
impression but are open for customers to sit in. Information kiosks
provide advice on home decor. Color-coordinated cards offer plenty
of suggestions on offbeat uses for products.
But the emphasis is always on price. Low-priced products that
IKEA calls BTIs (“breathtaking items”) are often perched on risers,
framed by a huge yellow price tag. Nearby, shoppers will find other
products—pricier, more design-oriented—as substitutes for the BTI.
The model homes suggest cheerful young people throwing
dinner parties in hallways, using mismatched office chairs and narrow side tables. These aren’t the aspirational images you’ll find at
Pottery Barn or Crate & Barrel. These are people who are living
well in modest circumstances—frugal folks who know the value of
a comfortable place to sit.
IKEA says its biggest selling point is the price tag, but it can’t
hurt that getting through one of IKEA’s huge stores takes a lot of
time. The layout is blatantly manipulative—though in a friendly,
knowing way, not unlike at Disneyland—but when customers
finally arrive at the checkout counter, they’ve had plenty of time to
fully consider their purchases.
IKEA products broadcast an ethos for living in the modern
world: Don’t buy an ugly pitcher if you can get a stylish one for
the same price. If you organize your plastic bags, you’ll feel more
in control of your life. It’s left-brain logic applied to the right-brain
art of living well. And if happiness involves dragging a cumbersome flat package off the shelf, standing in line at the checkout,
hauling the box home, and spending hours assembling a kitchen
cabinet, well, 260 million customers a year are willing to make that
trade-off.
And, of course, next year it will be even cheaper.

QUESTIONS
1
2
3

4

What are IKEA’s competitive priorities?
Describe IKEA’s process for developing a new product.
What are additional features of the IKEA concept (beyond
their design process) that contribute to creating exceptional
value for the customer?
What would be important criteria for selecting a site for an
IKEA store?

SOURCE: INFORMATION ABOUT THE TROFÉ COFFEE MUG WAS OBTAINED FROM HTTP://WWW.IKEA.COM.
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D E N TA L S PA

Would a warm paraffin hand treatment during your dental cleaning or dental treatment put you at ease and make the process more
bearable? That is the idea behind the new “dental spa” services
opening in major cities throughout the United States. Beyond
calming music and comfortable chairs and flat screen TVs mounted on the ceiling with sound from the noise-canceling headphones
that block unpleasant dental noises, foot scrubs, pedicures, or other
spa services are sometimes possible at the same time. Two major
trends have helped fuel the growth of dental spas: improving the
painful associations of dentistry and the increased cosmetic focus
of dentistry that goes along with other spa treatments.

QUESTIONS
1

Which one of the three new service requirements would a
dental spa least likely pass: service experience fit, operational fit, or financial impact? Why?
2 What are some of the main areas of complexity and divergence in this kind of operation relative to the standard dental
clinic?

SUPER QUIZ
1

2
3
4
5

This is an organization capable of manufacturing or
purchasing all the components needed to produce a
finished product or device.
This is the one thing that a company can do better
than its competitors.
These are the six phases of the product development
process.
A useful tool for the economic analysis of a product
development project is this.
An approach that uses interfunctional teams to get
input from the customer in design specification is this.

6

This is a matrix of information that helps a team
translate customer requirements into operating or
engineering goals.
7 The greatest improvements from this arise from
simplification of the product by reducing the number of separate parts.
8 This is the incorporation of environmental considerations into the design and development of products
or services.

1. Contract manufacturer 2. Core competency 3. Planning, concept development, system-level design,
detail design, testing, production ramp-up 4. Net present value 5. Quality function development
6. House of quality 7. Design for manufacturing and assembly 8. Ecodesign
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3 Adapted from ibid., pp. 308–19.
4 The term quality is actually a mistranslation of the Japanese word for qualities, because QFD is widely used in the context of
quality management.
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