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Measuring Development Performance in the
Electronics Industry

Christoph Loch, Lothar Stein, and Christian Terwiesch

Within a year or so, the computer you purchased last month will probably be obso-
lete. For a manufacturer faced with such short product life-cycles, the performance
of the new product development (NPD) function can determine whether the firm itself
is relegated to the scrap heap. With such a close link between NPD performance and
a firm’s overall success, we need to do more than simply ensure that individual
projects are well managed; we need to assess NPD’s overall contribution to the
company’s business performance.

Christoph Loch, Lothar Stein, and Christian Terwiesch develop a two-step model
for measuring the performance of the NPD function. In this model, development
output performance is the direct driver of business success. In other words, the output
and the productivity of the NPD function directly affect a company’s profitability and
sales growth. Development output performance is driven by development process
performance—that is, the operational management of development projects.

Using data from the ‘‘Excellence in Electronics’’ project (a joint research effort of
Stanford University, the University of Augsburg, and McKinsey & Co.), the two-step
model is applied to a sample of 95 business units operating in three international
electronics industries: consumer/small products, computers/communications, and in-
dustrial measurement/large systems. This analysis has two main objectives: identi-
fying the key measures of development output performance and their contribution to
business success; and identifying the important measures of development process
performance and their contributions to development output performance.

Development productivity, measured by development expense intensity, is the
clearest predictor of business success. In other words, you can’t buy a competitive
advantage by pouring more money into R&D. Success comes from more efficient
NPD, not simply outspending the competition. In the computer industry, design-to-
cost has a positive effect on profitability growth, and design quality has a positive
influence on sales growth.

The factors underlying development process performance are much more depen-
dent on the nature of competition in each industry. For example, because competition
in the large systems industry still focuses primarily on technical competence, design-
to-cost efforts in this industry lag behind those of the computer industry. Important
measures of development process performance for all industry segments examined in
the study include supplier involvement in the design, early prototyping, a team-based
development organization, the use of team rewards, and value engineering.

Address correspondence to Christoph Loch, Technology Management,
INSEAD, Boulevard de Constance, 77305 Fontainebleau, France.

J PROD INNOV MANAG 1996;13:3-20
© 1996 Elsevier Science Inc. 0737-6782/96/$15.00
655 Avenue of the Americas, New York, NY 10010 SSDI 0737-6782(95)00089-5



4 J PROD INNOV MANAG
1996;13:3-20

Introduction

It is widely agreed that the development of new prod-
ucts is of increasing importance to profitability and
competitiveness in many manufacturing and service
industries. This is particularly true in ‘‘high-tech’ in-
dustries, which are characterized by shorter and
shorter product life cycles, increasing market segmen-
tation, and growing technological complexity. In spite
of this increasing importance, to date there is no sin-
gle, commonly agreed upon set of performance mea-
sures for the development function. Proposed mea-
sures are a mixture of input and output indicators
together with some measures evaluating the process
used. In addition, most are defined at a micro level,
identifying success predictors for individual develop-
ment projects. Little is known about performance mea-
surement of a company’s overall development func-
tion. This lacuna leaves ‘‘a gap between discrete
innovation projects and industry characteristics’ (a
field in which substantial empirical work has been
conducted) [1].

The present article explores how the performance of
the overall development function can be measured,
and how it is connected to success at the level of the
firm. We thus propose to contribute to closing the
above-mentioned gap. We aim to do this by distin-
guishing three performance concepts: first, the firm’s
business performance—the measure of the firm’s
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success in the market. Second, development output
performance—the measure of the development func-
tion’s contribution to the firm’s business objectives,
and how it in turn influences business performance.
And third, development process performance, which
measures the quality of development execution (e.g.,
project management or competence) that drives output
performance.

It is important to understand that process perfor-
mance is an important driver of output performance,
but not directly of business success: development pro-
cesses determine at which cost and how fast new prod-
ucts and services of what performance and quality can
be introduced. New products, in turn, together with
their cost position and the way they are marketed and
sold determine business growth and profits [9,21]. For
example, it is possible that development processes are
excellent and capable of attaining a specific output
dimension, say a high rate of product introductions. If,
in this same case, however, the market values high
technical performance over innovation rate, then the
company may still fail. Hence, the right development
performance dimension must be chosen first, and only
then can the right process drivers of this dimension be
found. Within this framework, we identify by statisti-
cal analysis the most important performance measures
for both types of performance.

The analysis in this article is based on data from the
‘“Excellence in Electronics’’ Project jointly under-
taken by Stanford University, the University of Augs-
burg, and McKinsey & Company. Ninety-eight elec-
tronics companies in the U.S., Japan, and Europe
participated in the 1992-1993 study, answering de-
tailed questionnaires on development, marketing,
manufacturing and strategy.

The article is organized as follows. First, we give an
overview of past work in this field. Then we develop
a framework for evaluating development process and
output performance. Based on the framework, we de-
fine development output dimensions, determine their
statistical relationship to overall firm success, and
make the link between process (operational develop-
ment process variables) and output performance. Fi-
nally, we summarize managerial insights from the
study and close with a brief summary and outlook on
further research.

Overview of Past Work

We need to point out first that much of the literature
does not make a distinction between the terms R&D
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and development. Some authors use R&D with an em-
phasis continuously varying between fundamental ex-
plorative work not directly resulting in new products
and direct commercialization [31]. Our study is geared
toward managing the development of new products.
The literature cited below is all relevant to develop-
ment, but we keep the term R&D wherever it is used
in the original sources.

Following the distinction between project level and
firm level described in the introduction, we structure
past work into two groups. We first review the re-
search conducted at the project level, though given the
amount of research already conducted at this level,
only key concepts of the literature will be presented
[5-8,22,23,30,37]. The second part of this section is
then dedicated to research at the firm level.

Classic studies on development performance fo-
cused on the individual project level. These studies
managed to find and confirm a number of key project
success drivers. The important and statistically signif-
icant drivers are: understanding user needs and inter-
nal and external communication [23]; attention to mar-
keting, ‘‘efficiency of development,”’ and authority of
R&D managers (the SAPPHO study by Rothwell et al.
[30]); and product superiority, project definition, and
synergies with marketing [6,7].

Cooper [8] presents 12 clusters of R&D perfor-
mance, each composed of several subindexes. Within
each cluster, the sample is divided into three groups—
high, medium, and low scorers. The ‘‘important’
clusters are identified as those with the largest differ-
ence in the percentage of successful projects between
the high scoring and the low scoring group. The three
most important clusters turn out to be product superi-
ority, quality of marketing activities, and quality of
predevelopment activities. The clusters are a combi-
nation of R&D output, process, strategy, and external
market conditions (for e.g., product superiority, sharp
and early product definition, synergy with rest of prod-
uct line, and market attractiveness).

Zirger and Maidique [37] build on these earlier
studies and on their own survey of 330 new products
in electronics. They confirm and expand on earlier
findings and derive a framework of key R&D capa-
bilities for project success. Three functions involved in
product commercialization are identified as: market-
ing, R&D/engineering, and manufacturing. Similarly,
there are three key success factors: functional compe-
tence of the three functions, strong communication
with the customer, and finally strong management ex-
ecution, or the ability to hold together the three func-
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tions and steer them in a coherent direction. In addi-
tion, external factors such as a large and growing
market or weak competition increase the likelihood of
success in certain development projects. This study is
more ambitious than ours, as the marketing and man-
ufacturing functions are included. However, the goal
of our study is to make the concept of ‘‘functional
development competence’’ operational and measur-
able.

The internal R&D audit process of the 3M com-
pany, a very successful practitioner of innovation, sup-
ports the findings of the previously mentioned studies
[22]. 3M predominantly uses measures at the project
level, but most of them can also be aggregated to R&D
as a whole. The company 3M reports that program
ratings of this audit are good predictors of the com-
mercialization success of a new product. They distin-
guish between three types of factors: technical factors
(overall technology strength; personnel; product per-
formance vs. competition; manufacturing implemen-
tation and technical success probability), business fac-
tors (financial potential; 3M competitive position in
product value and channels; and probability of mar-
keting success), and overall factors (organizational
planning, strategy and clarity of goals; program bal-
ance; and strength of interactions with marketing,
manufacturing, and other labs). A final predictor of
project success is the degree of similarity to existing
3M technologies and products.

Finally, Clark and Fujimoto [5] in their landmark
study of the world auto industry use three key R&D
performance measures: engineering productivity (en-
gineering hours per normalized project), time to mar-
ket (again for a normalized project), and fotal product
quality (which includes conformance quality and
‘‘product integrity,”” a high level measure of product
performance and consistency with an overall company
identity). In a follow-up report, Cusumano and
Nobeoka [10] add to these the number of products
introduced, design manufacturability, market share/
growth, and a return on R&D.

Fewer studies have been done on R&D performance
on the firm level than on the project level. We now
summarize some important findings of the firm level
R&D performance literature. Morbey [25] examines
the connection between R&D expense and profitabil-
ity from annual reports of 800 U.S. companies be-
tween 1976 and 1985. He finds that R&D expense is a
poor predictor of profits, but a good predictor of
growth. This analysis lumps together fundamental re-
search and direct commercialization and looks only at



6 J PROD INNOV MANAG
1996;13:3-20

development input (does not allow for efficiency dif-
ferences between companies). Therefore, it is interest-
ing to explore development influence on success fur-
ther on a managerial level.

The model of Foster et al. [13] is a ‘‘return on R&D
investment tree’” with an R&D return ratio at the top,
defined as profits generated by R&D over the R&D
investment. This ratio is then broken into R&D pro-
ductivity (a measure of internal capabilities) and R&D
yield (a measure of external profit potential from in-
novations). The key R&D output measure in this
model is ‘“Technical Progress,”” defined as the perfor-
mance increase from one product generation to the
next. Within this framework, activities with the high-
est value for improving R&D productivity are identi-
fied as: spotting technical opportunities; increasing
‘‘development efficiency’’ (personnel quality and
staffing, initiating and terminating projects, planning
projects); and increasing ‘‘operating efficiency’’
(identifying customer needs, coupling with marketing
and manufacturing). External R&D yield is deter-
mined by demand outlook and the industry cost curve.
The authors argue that ‘‘surrogate measures,”” such as
the number of products introduced or the number of
patents held, are only of value if they have a *‘linear
relationship’” to R&D effort (input). A related ap-
proach, using a return on investment (ROI) type ‘‘ef-
fectiveness index’’ over many R&D projects, is of-
fered in [24].

Several studies propose what Foster calls ‘‘surro-
gate measures’’ of R&D inputs and outputs. For ex-
ample, Cordero [9] names as output measures: quan-
titative monetary measures (revenue, rate of return,
percent of new product sales, and business opportuni-
ties); quantitative nonmonetary measures (market
share, number of new products, success rate, publica-
tions and patents); and qualitative measures (profile,
subjective reviews). The main input measures are
R&D expense, intensity, and manpower.

Szakonyi [32] concentrates entirely on the process,
proposing to measure R&D effectiveness by the pres-
ence and sophistication of formal procedures in 10
areas: Project selection, planning, idea generation,
quality control, people motivation, crossdisciplinary
teams, and coordination with marketing, manufactur-
ing, finance, and strategy.

Similarly, Brown and Gobeli [4] present a ‘‘top 10
list”” of R&D performance measures in seven catego-
ries, based on their own case studies. The seven cat-
egories are resources, project management, people
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management, planning, new technologies, outputs, and
financial results. The measures within the categories
are operational in character (for example, number of
field complaints for ‘‘outputs’’).

Griffin and Page [14] provide some structure among
the measures mentioned in this section by reporting on
the 1990 Product Development and Management As-
sociation task force on product development success
and failure. Through interviews with academics and
practitioners, they identify 14 of the most widely used
product development performance measures and clas-
sify them into four categories. In addition, they iden-
tify a number of measures that are ‘‘most desired,”’
but unused. These measures are summarized in Figure
1. The most important reasons cited for their underu-
tilization are: lack of systems, adverse company cul-
ture, and lack of accountability.

We used this structure as a key ingredient in our
framework with the intention of further exploring the
relation between project success and success at the
firm level. This framework is presented in the next
section and enables us to perform statistical analysis
on product development performance at the firm level.

Refining the Concept of
Development Performance

R&D literature and practice provide a variety of per-
formance variables. In the framework in Figure 1, we
identified all of the measures that could be reproduced
from our data set. We chose the Griffin and Page
survey as a basis for defining development output per-
formance, because it is current and because it surveys
performance variables considered to be relevant to
business practice as well as scholarly research. When
designing a regression model linking these develop-
ment performance measures to firm success, however,
it became clear that not all of them have had a direct
impact on firm success.

Development produces outputs for the firm (such as
new products) at a cost (development expenses). De-
velopment output and productivity are the drivers of
business success, together with the sales/marketing
and the manufacturing function. Only some of the
measures identified fall into this category, whereas
others are process drivers. That means they have a
direct impact on development output, but the link to
business success is indirect. This causal relation be-
tween development process, output, and business suc-
cess is similar to the model offered by Cordero [9].
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Key Product Development
Performance Measures
Customer Financial Product and Firm Level
Acceptance Success Project Success Measures

* Break-Even-Time

* Margin goals met

* Profitability goals met
*JRR /ROI

* Renevue goals/

* Customer aceptance

* Revenue growth

* Market share goals met

Desired

* Customer satisfaction

* Number of customers

* Price/value to
customers

Figure 1. Performance measures found by Griffin and Page [14].

This model characterizes technical output as a result of
R&D resources (see Figure 2).

Business success depends not only on development
output, but also on the efficient use of the resources.
Cordero refers to this variable as ‘‘quality of resource
deployment,”” a term that basically fits his concept of
productivity as defined later in this section. However,
Cordero’s work is neither based on empirical evidence
nor does it provide any guidance for managerial ac-
tion. In contrast, the present article contributes to both

Firm

Resources Technical
to R&D unit (R&D)

technical

outputs

\J

Resources to _ | Commercial units . Marketable
cor.rtxsmeraal | Marketing, Manuf.) ~ Output
uni

Figure 2. A model of performance measurement by Cordero

[91.

* Development Cost * % of sales by new

* Launch time schedule met products
* Speed to market
* Product performance level
* Quality guidelines met
Desired Desired
* Innovativeness * Lead to future
* Technical success opportunities
* % of profits by new
products
* Success/failure rate

of these dimensions, building on data from 95 business
units and providing managerial performance and pro-
cess variables.

Reflecting the process-output-success chain, we di-
vide the development performance concept into two.
The first, output performance, includes development
output as well as efficiency; it is the direct driver of
business success. The second is process performance,
which influences output performance through the op-
erational management of development projects. This
framework combines the project and firm level views
and is summarized in Figure 3.

Starting from this two-step framework, we perform
two separate regression analyses: the first links key
development output performance dimensions to busi-
ness success, and the second identifies key develop-
ment process performance dimensions that drive out-
put performance.

The output regression is conducted in two steps:
first, a factor analysis is performed on the set of output
performance measures constructed from our data set,
attempting to reproduce as many measures from the
literature as possible. The factor analysis constructs
groups of correlated variables, or underlying *‘dimen-
sions’” of drivers. Second, the factors serve as inde-
pendent variables in a regression model identifying the
most significant drivers of business success. Three
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Manufacturing
Performance

Mktg./Sales
Performance

Business
Success

1996;13:3-20
Development Development
Process Output
Performance Performance
28 Process 12 Development
Management Output
Variables Variables

3 Business
Success
Variables

Figure 3. A framework of development performance.

business success measures are used as dependent vari-
ables in the development output performance model.
The factors found in the output performance regres-
sion serve as dependent variables in the process per-
formance model. All variables are listed in Exhibit 1,
and the methodology is described in the appendix.

The questions we try to answer with the two regres-
sion models can be summarized as follows.

Regression model 1: Output Performance. What
are the most significant measures of development
output performance, and how do they contribute
to business success?

Regression model 2: Process Performance. What
are the most significant measures of development
process performance, and how do they contribute
to development output performance?

In particular, in each model the following questions
are to be answered:

1. What are performance dimensions that can be iden-

tified from the set of measures found in the litera-

ture?

How do these dimensions drive success?

. How do the relevant development output perfor-
mance dimensions change across industries, re-
flecting differing strategic success factors?

w

Although the sample contains companies from Ja-
pan, the U.S., and Europe, for the purpose of this
analysis we are not interested in country-specific dif-
ferences. We controlled for the regions in both regres-
sion models by adding regional dummy variables, they

were not significant. All companies in the sample par-
ticipate in global markets and thus must obey the same
market rules. Hence the influence of development out-
put on business success can be expected reasonably to
hold across regions, despite possible variance in suc-
cess. It is not as clear whether companies in Japan, the
United States, and Europe use different processes to
achieve development output. Nevertheless, a full in-
vestigation of regional differences is likely to produce
interesting results; however, such an investigation is
beyond the scope of this article.

The Data

Our analysis is based on a sample of 95 electronics
companies in the U.S., Japan, and Europe. During
1992-1993, these companies completed detailed ques-
tionnaires on operations and strategy as part of the
“‘Excellence in Electronics’’ project jointly under-
taken by Stanford University, the University of Augs-
burg, and McKinsey & Company. Many of the world’s
leading companies agreed to participate in the survey,
providing us with data on 12 of the 25 leading com-
puter producers and four of the six biggest TV man-
ufacturers, to cite two industry examples. The objec-
tive of this project is to gain a better understanding of
the industry dynamics in electronics and to understand
key success factors in development and manufactur-
ing. The unit of analysis of our work is the individual
business unit with its specialized product lines; this
method enables us to analyze big companies serving
multiple markets without crossproduct effects. In
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Exhibit 1. Definitions of Variables

Variables Describing Firm Success:

All firm success variables are measured on the business unit
level. Data on the product line level were not uniformly
available, thus variable definition on this level would have
resulted in comparability problems.

* Profitability = ROS (return on sales) 1991 before ex-
traordinary items and taxes

« Profitability growth = ROS growth from 1989 to 1991

* Sales growth = Revenue growth from 1989 to 1991

Variables Describing Development Outputs:

* Proportion of products first to market = percentage of
significant product innovations that were first to market
1991
Proportion of significant changes in product introduc-
tion = percentage of significant product innovations
over the last 3 years
Technical product performance = product performance
as perceived by marketing, R&D, and top management
(self-reported estimation, crosschecked with separate
reports from R&D, marketing, and manufacturing)
Strategic Performance Position = percentage of sales
created by technically superior products (self-reported
estimation, crosschecked with separate reports from
R&D, marketing, and manufacturing)
Proportion of sales from products introduced the last 12
months = as of 1991
Proportion of sales from products introduced the last 3
years = as of 1991
* New products normalized by life cycle = number of
significant product line changes/innovations in 1988—
1991, multiplied by product life cycle
» New major products compared to industry = number of
new major products compared to market average 1991
Unit cost reduction compared to industry = unit cost
reduction (%) in 1991, normalized by industry average

3

Variables Describing the Development Process:
Focus and Structure of R&D

* Team vs. functional structure = 0/1 for a functional/
team based organization of the R&D department

* Focus = number of parallel projects in the department

* Project duration = average duration in months

Project Management

» Team size = average size of a project team

* Meeting schedules = deviation from schedule in per-
centage

* Meeting budgets = deviation from budget in percentage
(these two variables are measures of process discipline
and control)

Exhibit 1. Continued

Integrated SW testing = 0/1 for the application of in-
tegrated SW tests

Early use of prototypes = 0/1 for using prototypes in the
specification phase of the project”

* Concurrence of project phases = the time the project
was simultaneously in more than one phase, in % of
total project duration

Change of specifications = number of changes in de-
tailed specifications over the course of the project

* Number of milestones = number of milestones used in
the project

Number of design reviews = number of design reviews
used in project

Crossfunctional Integration

* External sources of ideas = use of external sources for
idea generation (Likert scale 1-5)

* Early marketing involvement = 0/1 for an early in-

volvement of marketing®

Reverse engineering = number of reverse engineering

analyses

Preferred parts lists = proportion of parts coming from

the preferred parts list. This is a measure of manufac-

turing process information passed on to development

* DFM information = use of manufacturing information
for product design (Likert scale 1-5)

* Value engineering = 0/1 for a use of value engineering

» Early manufacturing involvement = 0/1 for an early

involvement of manufacturing”

Design complexity = number of parts normalized by

number of finished products

* Early purchasing involvement = 0/1 for an early in-

volvement of internal purchasing department®

Early supplier involvement = 0/1 for an early involve-

ment of suppliers®

Joint supplier designs = 0/1 for a joint cost reduction

redesign of the product together with the supplier

* Cooperation with basic research = Likert scale 1-5

People Management and Learning

* Team rewards = 0/1 for rewards based on team perfor-
mance, not on individual performance

* Job rotation = how many engineers were involved in
job rotation on the business unit level (%)

* Training per employee = active training per R&D em-

ployee

Crossfunctional training = proportion of engineers in-

volved in cross functional training (normalized by du-

ration).

“These perceptual variables have been discussed widely in the
popular press; this lends some limited credibility to the as-
sumption that the perceptions are consistent across companies.
The perceptual variables were the best proxies available.
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some cases, we included more than one business unit
per company.

The 95 usable observations were grouped into three
different industry clusters: Consumer/small products,
computers/communications, and industrial measure-
ment/large systems. Sample sizes and industries in the
clusters are shown in Table 1. Whereas the industries
in a cluster are far from homogeneous, they are char-
acterized by important commonalities in key drivers of
competition: the consumer products industry has pro-
gressed the farthest toward maturity, characterized by
short product life cycles, fierce price competition, and
low value added. This is demonstrated by the recent
rise of Korean manufacturers and a shift of manufac-
turing to low wage countries, even from Japan [26].
On the other hand, the measurement and large systems
industries still exhibit less severe competition and
product differentiation, whereas the computer industry
is in between, rapidly moving toward maturity [21, p.
199]. As an example, stereos have a life cycle of less
than 6 months in some cases, computer life cycles
have come down to under a year, whereas industrial
measurement systems or large PBXs still live several
years.

Measures of Development
Output Performance

This section describes the output performance regres-
sion model. All development output variables are in-
cluded in Exhibit 1. Business success is operational-
ized with three separate measures: profitability (ROS
1991 before extraordinary items and taxes); profitabil-
ity growth (ROS 1989-1991); and growth (sales
1989-1991). The three separate measures take into
account that absolute profitability levels vary between
industries and that ROS usually decreases in phases of
high growth: profitability and growth represent, at
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least partially, conflicting strategic goals, which is also
reflected in the results of [25]. This difference in the
strategic role of the three business success measures
precluded combining them into a summary measure.

Our lack of a priori knowledge about the relevant
dimensions of development output performance pre-
cludes a confirmative factor analysis of the output
variables constructed. As a result, we have chosen an
exploratory approach yielding five dimensions of out-
put performance. The key difference between the two
approaches is that the former specifies all factors ex
ante and then statistically ‘‘proves’’ this choice,
whereas the latter extracts factors from the data in a
way that maximizes the proportion of overall variance
explained [15]. In the next step, the factor scores from
this analysis are used as independent variables in the
output performance regression analysis against mea-
sures of overall success.

The reader should bear in mind that development
performance is only one of several business success
drivers, as is shown in Figure 3. Marketing/sales and
manufacturing performance are omitted from our
model and thus represent a source of unexplained vari-
ance. In an exploratory analysis such as this, the main
task is to identify the relevant success drivers. In our
regression model we, therefore, concentrate on statis-
tical significance. The overall explained variance var-
ies across the regressions (it is highest for the com-
puter industry, see appendix). Once key success
drivers are clearly identified, one can begin teasing out
their relative importance. This must, however, be left
to future work.

Identification of Development Output
Performance Dimensions

Using the initial set of performance variables, factor
analysis enables us to extract more general dimensions

Table 1. The Excellence in Electronics Survey

Number of

Industry Group

Observations

Example Industries

Consumer/small products
Computer/communication

Industrial measurement and
large systems

TV, VCR, phones

PCs, minicomputers,
printers, PABXs, data
communication

controls, mainframes
test/measurement, medical
systems
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of performance. Factor analysis correlates a set of
variables against each other, identifying groups of
variables (if they exist) that are strongly colinear and
thus collectively measure the same thing. These vari-
able groups are called ‘‘factors’’ and represent more
general ‘‘dimensions’’ of performance. Here, the fac-
tor analysis leads to a five-factor solution in Table 2.

The left column shows the nine performance mea-
sures from the literature that we were able to construct;
the upper row lists the five factors found. The choice
of five as a number of factors is based on the explan-
atory power of these factors and is explained in the
appendix. Accordingly, overall variance explained is
reported quite high as 78% in the bottom row. The
numbers in the body of the table are the correlations
between the performance measures and the factors.
The table shows that each measure clearly connects to
only one factor, the crosscorrelations to other factors
are all very low.

The first factor is market leadership, which is asso-
ciated with the proportion of products first to market,
and with the proportion of product introductions rep-
resenting significant innovations. This dimension
measures development ability to tackle new needs that
are not yet satisfied in the market and cannot be cop-
ied, and to successfully launch them before other com-
petitors. Market leadership is intensively discussed as
a strategy that may or may not be appropriate for a

Table 2. Dimensions of Output Performance
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given company. Influenced by marketing’s ability to
correctly identify market needs, market leadership, in
the context of this study, measures development abil-
ity to successfully execute strategy.

The second factor identified is design quality, which
encompasses two different measures of technical prod-
uct performance, as opposed to quality of conform-
ance in manufacturing or industrial design. Technical
design quality is widely considered to be an important
aspect of development output.

The third factor is the innovation rate, which com-
bines the number of major new products introduced,
compared to the industry average, and the overall
number of product introductions normalized by the
product life cycle in the industry. This standardization
eliminates the industry product life cycles from the
data. Thus, this performance dimension expresses de-
velopment speed, the capability to bring out products
in rapid succession, relative to the business unit’s
competitors. This capability is generally considered
important in the fast-paced electronics industries. As
measured here, the innovation rate dimension does not
contain any information about how it is achieved, for
example, through fast processes or through large re-
sources. The latter is indirectly measured in the pro-
ductivity ratios and explicitly contained in the process
performance model.

The fourth factor is product line freshness. The vari-

Prod. Design
Market Design Innov. Line to

Variable Leadership Quality Rate Freshness Cost
Proportion of products first to market 0.91 0.07 -0.09 0.11 -0.12
Proportion of significant changes in 0.83 0.31 0.14 0.02 0.04
product introduction
Technical product performance 0.17 0.84 -0.01 -0.04 -0.03
Strategic performance position of the 0.14 0.79 0.12 -0.02 0.27
business unit
Prop. of sales by products introduced -0.03 0.01 0.84 -0.12 0.11
the last 12 months
Prop. of sales by products introduced 0.06 -0.11 0.77 0.21 -0.05
the last 3 years
New products normalized by life cycle -0.11 0.12 0.19 0.80 -0.32
New major products compared to 0.31 -0.22 -0.09 0.77 0.21
industry
Unit cost reduction compared to -0.08 0.17 0.07 —-0.06 091
industry
Eigenvalue 2.14 1.70 1.37 0.94 0.87
Variance explained 23.7% 18.8% 15.1% 10.4% 9.8%
Cumulative variance 23.7% 42.5% 57.6% 68% 71.8%
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ables associated are proportion of sales from products
introduced within the last year and within the last 3
years. This factor explicitly contains the influence of
the industry’s life cycle. But since the life cycle is the
same for every competitor, it does not explain why this
factor differentiates between companies. The factor
measures in addition how current a business unit’s
product line is, and how ‘‘fresh’’ and up-to-date the
products are. Product line freshness is often cited as a
differentiator, particularly in the PC and consumer
electronics industries.

The fifth factor is design to cost, representing as the
only variable ‘‘unit cost reduction.”” The importance
of cost reduction reflects whether an industry is driven
by product performance and innovation or by cost and
price. Unit cost reduction is driven by purchasing
prices, manufacturing efficiency, and design. Experi-
ence suggests, however, that design and product man-
ufacturability drive the largest part of cost reduction
potential in many cases, sometimes up to 80%. Thus,
this factor measures development capability of design-
ing manufacturable and cost-efficient products.

The factors identified previously represent output
measures of development. In addition, we defined
three productivity measures, in order to include re-
source consumption in the analysis. The three produc-
tivity ratios are shown in Table 3. Expense intensity is
related to sales. Personnel intensity is not a productiv-
ity ratio in the strict sense, but it captures differences
in salaries (e.g., education levels) and infrastructure
(e.g., investment in development tools). The last ratio
measures development efficiency in producing new
products rather than sales, as do the first two ratios.
Each ratio highlights a different aspect of productivity.
Thus, we include all three in the regression model.

Significant Development Output
Performance Dimensions

After defining five performance dimensions and three
measures of productivity, we need to evaluate their

Table 3. Development Productivity Measures

Personnel intensity (Development employees)
Total employees
(Development expense)
Sales
(Number of new products)

(Development employees)

Expense intensity

New product productivity

All variables are measured for 1991. New product productivity = (no. of
significant product line changes and major modifications)/(no. of R&D
employees).

C. LOCH ET AL.

relevance to business success. We compute the factor
scores of the 95 observations and use them as inde-
pendent variables. We perform subregressions within
each of the three industries to get a feeling for the
industry-specific performance dimensions. The meth-
odology is described in the appendix. Because we are
interested in identifying significant development per-
formance drivers of business success rather than the
exact regression coefficients, the complete results of
the regression model have not been included. The
ranges of explained variance in the models are shown
in the appendix.

The computer and the measurement/large systems
clusters generate significant statistics. However, we
find no statistically significant results for the consumer
electronics industry (20 observations). The data set
may simply be too small given the noise level in the
model. However, the consumer electronics industry is
also the one where manufacturing efficiency and mar-
keting matter the most (the contribution of nonmanu-
facturing cost to total cost is lowest [21,32]). Thus, the
lack of significant results may also suggest for this
particular industry that development performance in
fact is of lesser importance and that manufacturing and
marketing studies may produce better predictors of
business success than a development study.

Table 4 shows the statistically significant perfor-
mance dimensions by industry (indicated in the left-
hand column) and by business success measure (indi-
cated in the top row). Also included are their
significance levels and signs of their relationships to
the success variables.

The clearest result of this analysis is that develop-
ment productivity, measured by expense intensity,
stands out as a critical driver of business success
across both industry clusters. The computer industry is
influenced by two additional variables: design-to-cost
has a positive influence on profitability growth and
design quality positively correlates with sales growth.
The signs of all relationships are as expected.

The measurement and large systems industry cluster
shows no additional business success driver of statis-
tical significance. This cluster was not subdivided into
its industries because of the strategic similarities dis-
cussed earlier, and also because the size of the data
sets (this is a problem particularly for the process per-
formance regression below). To look for additional
insights, we did attempt the separate regression within
this cluster for large systems and measurement sys-
tems. We found that design quality has a 1% signifi-
cant positive relationship with sales growth in the
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Table 4. Statistically Significant Output Performance Measures
Business Success Measure
Profitability
Profitability Growth Sales Growth
Industry (ROS 1991) (ROS 1989-1991) (Sales 1989-1991)
Measurement/ Dev. expense
Large systems intensity (-)*
Computer Dev. expense Dev. expense
intensity (—)* intensity (—)*
Design to cost (+)? Design Quality (+)®

¢ Significant on the 1% level.
® Significant on the 5% level.

(+) Denotes a positive and (-) a negative relationship.

Sample: computer n = 39 and systems n = 36.

large systems industry and with profitability in the
measurement industry. Neither relationship appears in
the overall regression for the cluster because it is
‘“‘washed out’’ by the data of the other industry in both
cases.

These findings are surprising and disturbing. They
are, at first glance, consistent with a short-term ori-
ented strategy of slashing development expense irre-
sponsibly at the cost of destroying the company’s
long-term prospects. However, all the business units in
the sample compete in world markets in order to stay,
and indeed, all are still in business today. It is thus
unlikely that these results point toward a *‘slash-and-
burn’’ strategy. Given this ‘steady-state’’ argument,
the best explanation is that the successful companies
are able to use fewer dollars to get the necessary de-
velopment results to compete. This is further discussed
and interpreted in the section on managerial insights
below.

Finally, we need to indicate how strongly the busi-
ness success variables interact. In the measurement/
large systems industries, sales growth and profitability
growth are highly correlated with a coefficient of 0.68.
This suggests that growth was largely achieved with-
out market share battles. In the computer industry, in
contrast, 1991 profitability is closely correlated with
profitability growth (r = 0.80). This indicates that the
profitable companies became even better."

Measures of Development
Process Performance

In this section, we describe the development process
performance regression model. The seven dependent

! Inspection of the data showed that the profitability levels were not the
same in 1989, which would be an alternative explanation for a correlation
between profitability 1991 and profitability growth.

variables in this regression are the scores of the five
output performance factors plus the two productivity
ratios, identified as significant in the previous section.
We attempt explaining these output performance mea-
sures by a number of process quality measures serving
as independent variables.

The current state-of-the-art in development process
management emphasizes the link to strategy, project
management, integration across functions, and people
management and learning (see, e.g., [34]). We opera-
tionalize these four areas of development process qual-
ity with 28 individual measures shown in Figure 4.

These 28 measures could be constructed from the
‘“Excellence in Electronics’’ survey data. The first
group of measures is labeled ‘‘focus and structure,”’
because we could not construct a direct measure of the
linkage to overall strategy. As a proxy, we use mea-
sures of development structure (team organization vs.
organization around technical functions) and focus
(number of parallel projects) and of the organizational

Development
Process Quality
Measures
{ | | |
Focus and i Cross- People
Structure Mfmrg:tnem Functional Management
of R&D Integration and Learning
- Team vs. funct. - Team size - Marketing: - Team rewards

R&D structure - Meeting schedules External sources of ideas - Job rotation

- Focus: by 2 budg « Early Mktg involvement - Training per
of parallel - Integrated SW » Reverse engineering employee
projects testing - Manufacturing: - ers§-funcL

- Project duration - Early use of » Preferred parts lists training

prototypes + DFM information
- Concurrency of * Value engineering
roject phases « Early mfg. involvement
- Change of « Design complexity
specifications - Suppliers: L
- No of milestones « Early purchasing inv.
- No of design « Early supplier involvmt.
reviews « Joint supplier designs
- Cooperation with basic
research

Figure 4. Measures of development process performance.
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authority of project teams (org. level of the project
managers). Project duration measures the ‘‘ambition’’
(technical content) of projects; schedule overruns are
listed under project management. The remaining vari-
able names are fairly self-explanatory. The reader in-
terested in precise variable definitions is referred to
Exhibit 1.

From practical experience and literature, we expect
the following effects of the process measures on de-
velopment performance: among the variables describ-
ing development focus and structure, project structure
and authority should increase performance, whereas
the number of parallel projects and project ambition
should hurt it. (Large projects tend to increase dispro-
portionately in difficulty.) Among the project manage-
ment measures, all should improve performance ex-
cept changes in specifications (demand for early spec
freeze), and team size, the influence of which is un-
clear. Likewise, all measures of crossfunctional inte-
gration are expected to be positively related to perfor-
mance. In the people management area finally, job
rotation and training are expected to be positive,
whereas the impact of team-oriented or process-
oriented employee rewards is unclear.

We now report the result of 21 separate regressions,
one for each combination of the dependent variables
and overall data set, measurement/systems cluster, and
computer industry. We structure the presentation of
the results into two parts: first, Table 5 reports general
results valid across industries. Second, Tables 6 and 7
look at the systems and computer industries, respec-
tively, for industry-specific findings. No specific state-

Table 5. Process Performance across Industries

C. LOCH ET AL.

ments are made for the consumer electronics industry,
because of the insufficient number of observations. In
this section, we only briefly describe the results. In-
terpretation and managerial discussion of the results
are given later.

In all three tables reporting the results, the produc-
tivity measure ‘‘new product productivity’’ and the
output dimension ‘‘design quality’’ are left out, be-
cause no process variable had a significant relationship
to them. We expect this dimension of development
process performance to be driven by the qualification
(e.g., creativity and skills) of the designers. Unfortu-
nately, we had no measure of personnel qualification
(such as education levels) available in this study.

How can a company achieve excellence in devel-
opment? Table 5 presents the relationship between the
four groups of process variables from Figure 4 and
output/productivity. It illustrates that achievements in
different dimensions of development have to be
achieved with different tools. For reaching market
leadership three of the four groups are found to have
significant impact: among the various project manage-
ment methods, the use of prototyping early in the spec-
ification phase is significant. Whereas crossfunctional
integration with purchasing surprisingly hinders mar-
ket leadership, people management, using team re-
wards, supports it.

The use of crossfunctional integration has the
broadest impact on development output: using ideas
from outside the organization increases the innovation
rate, but also personnel intensity. Value engineering
has a positive impact on product line freshness, and

Market Product Devel. Devel.
Leader Innov. Line Design Personnel Expense
ship Rate Freshness to Cost Intensity Intensity
Focus and Team Structure
structure -)°
Project Early use of
management prototypes (+)”
Cross functional ~ Early purchas. External Value Early marketing  External Design
integration involvement sources of ideas  engineering (+)®  involv’t (=)® sources of ideas  complexity (+)”
QU )’ (CON
People Team rewards Job rotation
management #)*? =)
and learning

“ Significant on the 1% level.

b Significant on the 5% level.

(+) Denotes a positive and (—) a negative impact.
Sample: computer and systems industries (size n = 75).
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Table 6. Process Performance in the Measurement/Large Systems Industry Cluster
Market Product Line Design
Leadership Freshness to Cost

Focus and Structure

Project management
Crossfunctional integration
People management and learning

Joint supplier designs (+)

Team rewards (—)” Team-based structure (—)*
Design complexity (+)°

Job rotation (+)” Early marketing involvement (-)?

¢ Significant on the 1% level.

® Significant on the 5% level.

(+) Denotes a positive and (—) a negative impact.
Sample size: n = 36.

designing less complex products decreases develop-
ment spending intensity. Early marketing involvement
seems to reduce design-to-cost benefits, as does job
rotation (see later discussion). Finally, a team-based
development organization reduces personnel intensity,
supporting earlier experience that teams are fast and
efficient, whereas a functional organization has its
strength in depth of expertise [3].

Surprising results in Table 5 are the negative impact
of job rotation and the mixed benefits of crossfunc-
tional integration; early involvement of purchasing
and marketing appear to have some negative side-
effects (on market leadership and design-to-cost). This
highlights that these management methods may not
only be beneficial, as is widely reported, but may also
carry a coordination cost. The negative effect of job
rotation particularly contradicts our experience. Fur-
ther research will be required to find additional sup-
port for this observation or to identify it as a regression
artifact.

Table 6 presents specific findings for the large sys-

Table 7. Process Performance in the Computer Industry

tems/measurement cluster, found in the corresponding
subregression. Only the dependent variables with sta-
tistically significant relationships are shown. In this
cluster, market leadership is positively influenced by
the involvement of suppliers in cost redesigns, sup-
porting recent trends to utilize supplier expertise in
product design. Product line freshness is rendered
harder to achieve by the use of team rewards, but
facilitated by job rotation of development personnel.
Design-to-cost benefits are compromised by a team
based (vs. functional) organizational structure and by
early marketing involvement.

The negative effect of team rewards and team-based
structures suggest that the large systems/measurement
industry cluster is characterized by comparatively
lower product introduction rates, where the traditional
functional development organization still offers ad-
vantages. Early marketing involvement may reduce
design-to-cost benefits, because customer require-
ments are not necessarily consistent with design-to-
cost principles.

Market
Leadership

Innovation Rate

Product Line
Freshness

Design
to Cost

Focus and structure
Project management Early use of

prototypes (+)°

Project duration (-)®

Team size (-)®
Change of specs (+)°

Concurrence of phases

)’

Joint supplier designs

)"

Cross functional Early purchasing

integration involvement (-)°
People management Team rewards (+)°
and learning

Value engineering
(O

Cross functional
training (+)°

“ Significant on the 1% level.

® Significant on the 5% level.

(+) Denotes a positive and (—) a negative impact.
Sample size: n = 39.
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In contrast; design to cost is supported by design
complexity. At first glance, this appears counterintui-
tive—a higher part count increases cost reductions
from design to cost. A possible interpretation is that a
company that falls behind and attempts to catch up on
design to cost has a higher redesign potential, with
more ‘‘low hanging fruit’’ to pick.

Table 7 summarizes the results for the computer
industry. The drivers of market leadership are identical
to the overall regression: the use of early prototypes
and team rewards are positive, whereas early purchas-
ing involvement is detrimental. The innovation rate
drivers, in contrast, are unique for the computer indus-
try. Project management is important for allowing
concurrent project phases, and for changing specifica-
tions more often. The latter is contrary to the popular
principle ‘‘Freeze specs early.”” Our finding suggests
that firms with a high innovation rate change and up-
date specs more frequently. Changing specifications
provides flexibility that apparently increases the fre-
quency of innovation. Furthermore, small teams are
important, which is predictable. Finally, the innova-
tion rate is supported by supplier involvement in re-
designs, as in the large systems/measurement cluster,
for example.

Companies with a fresh product line rely on cross-
functional training, in addition to value engineering
approaches already found in the overall regression.
Finally, long, ambitious projects have a negative im-
pact on unit cost reduction potential from design to
cost. This further supports the need for project focus
found in Table 5.

Discussion of Managerial Insights

Development Output Performance

We first turn to discussing output performance. The
number of significant results is limited by sample sizes
and the concentration of our analysis on only devel-
opment as a business success driver. In general, a
missing significant relationship between a develop-
ment output dimension and business success does not
necessarily imply irrelevance: if a specific competence
has become widely practiced as an industry matures,
the corresponding variable will provide little or no
variance. This will prevent significant results in a re-
gression. In spite of these limitations, several striking
results about drivers of competitive advantage emerge.

First, we observe across computer and systems in-
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dustries that development productivity (measured by
expense intensity) comes out as the clearest predictor
of success. As is discussed in the description of the
output performance regression, this finding lends sup-
port to some companies’ practice of setting certain
‘‘affordable’” levels of development size and spend-
ing, which can best be characterized by a percentage
of its sales. Porter [28] observes that scale economies
and learning effects provide development cost advan-
tages for large firms. This implicitly demands that the
development function ‘‘make do’’ and support the on-
going business with new products within the limits of
this affordable budget. Kluge et al. [21] report that
successful developers bring out the necessary new
products with fewer development dollars. For the in-
dustry as a whole, this implies that spending levels are
about right or too high. In other words, hardly any
company is underspending on development. Hence,
bringing out new products more efficiently is more
promising than outspending one’s competitors, unless
a firm sees a special opportunity or possesses special
capabilities.

In addition to this general finding, some perfor-
mance measures are industry specific. In the computer
industry, design quality and design to cost are addi-
tional drivers of profitability. This result supports the
general assessment that productivity and cost reduc-
tion are necessary in light of increasing competitive-
ness and falling prices. In addition, finding design
quality as growth predictor provides an interesting
clue to the factors that condition strategic success in
this industry, implying that product performance at
low cost has been the key to success during the last
years.

The results for the large systems/measurement clus-
ter are less telling about strategy, as no significant
driver of business success appears besides productiv-
ity. However, subregressions on the two industries
making up the cluster provide evidence that design
quality is relevant.” This suggests that the large sys-
tems/measurement cluster is driven to an important
extent by technical product performance.

In the consumer products industry, we did not find
any statistically significant results. It is possible that
the size of the data set prevented any meaningful find-
ings. However, the consumer electronics industry is
the most mature industry in the sample, mainly driven

2 Design quality came out as significant on the 1% level for sales
growth in large systems and for profitability in measurement systems; see
the discussion in the section ‘“Measures of Development Outcome Perfor-
mance.”’
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by manufacturing cost and marketing [21,33]. Manu-
facturing and marketing performance are more impor-
tant than in other industries, and product development
performance is less important [35]. This may be re-
flected by the lack of statistically significant findings.

Development Process Performance

We now attempt a managerial interpretation of the
process performance regression results. We will look
at two relevant views: first, which are consistently
important development process management vari-
ables, and second, what are the industry-specific de-
terminants of development output?

First, we review the trends that seem valid across all
industries: involving suppliers in design (joint supplier
design) seems to be beneficial; it helps market lead-
ership in the measurement/large systems industry clus-
ter and innovation rate in the overall regression. Uti-
lizing the expertise of suppliers is currently being
“‘discovered’’ in several industries [13,19,21].

Early prototyping and the use of team rewards have
a positive impact on market leadership, whereas early
purchasing involvement hinders it in both industries.
This finding suggests that this type of purchasing in-
volvement is useful for incremental projects, where
components do not change radically from the past, but
represents an obstacle for radical projects aimed at
market leadership, where the degree of newness is
much higher.

Listening to customers and to marketing appears
beneficial, but at a cost. Organizations utilizing exter-
nal ideas have a higher innovation rate (in the overall
regression), but also a higher need for development
personnel, increasing personnel intensity. Early mar-
keting involvement reduces cost reduction benefits
from design to cost, revealing a conflict of goals—
marketing’s recommendations may not always be con-
sistent with the design changes that lead to lower unit
cost. It is the responsibility of management to resolve
this conflict within the context of business strategy.

Value engineering offers benefits for achieving
product line freshness (in the overall and computer
regressions). Furthermore, a team-based development
organization is found to be efficient: team structure
reduces personnel intensity, and team rewards support
market leadership. This finding is consistent with pre-
vious experience that project-based organizations tend
to trade depth of expertise for higher speed and effi-
ciency.
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Finally, design complexity hurts development pro-
ductivity (increases personnel intensity for computers
and expense intensity overall). Simplifying product
design and parts count is an important principle of
design for manufacture. This principle finds further
support in the positive impact of focus (in the com-
puter regression): shorter, less ambitious projects al-
low a higher cost benefit from design-to-cost efforts.
The emerging principle is simplification both of prod-
uct design and development complexity.

We now turn to process features specific to indus-
tries. It is peculiar that in the large systems/mea-
surement cluster, design complexity increases the cost
reduction from design-to-cost efforts. Moreover, using
design for manufacture information early in the pro-
cess hurts productivity. The conclusion is that this in-
dustry cluster as a whole lags behind other electronics
industries in its mastery of design-to-cost methods.
The more complex the product design, the easier it is
to pick some ‘‘low hanging fruit’’ and score easy de-
sign-to-cost successes. But the process is not mastered
and thus hurts productivity. As explained in the data
presentation, the large systems/measurement cluster
has not yet progressed as far toward mass production
and price competition as the computer industry. Com-
petition is still focused on technical performance, ex-
plaining the relative lack of design-to-cost compe-
tence.

The computer industry, in contrast, is much more
driven by speed and cost, making project management
more critical: concurrent engineering and the flexibil-
ity provided by changes in specifications positively
impact innovation rate, whereas team size impacts it
negatively.

We conclude that development process performance
is not an absolute concept, but rather depends on the
nature of competition in each industry. Few develop-
ment process principles can be recommended in gen-
eral. One example is supplier involvement in design,
which is just beginning to be implemented widely,
until it becomes a competitive necessity rather than a
source of advantage. Most process characteristics,
however, are beneficial only in certain competitive
contexts, but not in others.

Conclusion

In this article, we have developed a two-step frame-
work of development excellence. The first step, devel-
opment output performance, measures development
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outputs and productivity. It is one important direct
driver of overall business success of a company, apart
from manufacturing and marketing/sales capabilities.
The second step is development process performance,
which measures the quality of the processes used at the
project level. This step does not influence business
process directly, but impacts the dimensions of output
performance, which in turn determine business suc-
cess. Process performance can be high, but if the
wrong output performance dimensions are empha-
sized, business success will remain poor.

We then have applied this framework to data from
95 electronics companies worldwide. From a starting
set of nine output performance measures, we extract
five factors, or performance dimensions. Moreover,
we are able to interpret our results in the context of the
strategic situations in the computer and large systems/
measurement industries (although some potentially
important performance measures may still be miss-
ing). An interesting topic for further research would be
to conduct a follow-up on our 1991 data set in order to
ascertain the degree of change in the competitive sit-
uation in the two electronics industries over the last 3
years. A limitation of the study in this article comes
from the fact that not all potentially relevant perfor-
mance measures could be constructed from our data
set. Follow-up research is necessary to understand the
relative importance (‘ ‘bang for the buck’’) of different
development output dimensions for overall firm suc-
cess as well as of process measures for output perfor-
mance. Finally, the difference in process used between
companies in Japan, the U.S. and Europe is an inter-
esting question that merits further attention.

The results of our analysis emphasize development
productivity as a very important driver of business
success in both industry clusters. In addition, the com-
puter industry rewards also design to cost and design
quality. In contrast, the large systems/measurement
cluster seems to mainly emphasize technical product
performance.

Process performance is dependent on overall com-
petitive situation and strategy. A few generally valid
process principles can be found, such as supplier in-
volvement in design, which is just beginning to be
widely implemented and provides strong competitive
advantage. Other process performance dimensions,
however, are industry specific, such as project man-
agement and speed in the computer industry, and tech-
nology and functional expertise in the systems indus-
try. Strategy drives the choice of development
performance measures, which in turn must determine
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the dimensions of process capabilities to strive for.
The framework outlined in this article offers a system-
atic way of addressing this dependency.

The authors thank Prof. Haim Mendelson and Dr. D. Diisedau for
helpful comments on this article. We are also grateful to the editor
and two anonymous referees for helping to improve the manuscript
substantially.
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Appendix

Research Methodology

The observations were first classified into the indus-
tries mentioned previously. The classification was
used to define the performance measures. As is usually
done in benchmarking, relative instead of absolute
performance measures were included. All statistical
analysis as well as computation of performance mea-
sures was performed on a VAX using the statistical
package SAS. The methodology is described later.

Mean Substitution

From the initial sample of 98 companies, three were
excluded because they offered very little usable infor-
mation. Within the 95 usable companies, it was not
possible for all variables to obtain a 100% response
rate. As the number of missing values was small com-
pared to the total sample size, we substituted these
values with the corresponding industry mean. In Table
Al, we report in detail the number of substitutions. As
the missing values were neither concentrated on a few
observations nor on specific variables, we preferred
the industry-specific mean substitution opposed to de-
leting all the corresponding observations. All variables
not mentioned had no mean substitution.

Factor Analysis

The factor patterns were rotated using a varimax ro-
tation. Factors were chosen based on the eigenvalue
criterion. In the R&D output performance model, the
last two eigenvalues are slightly below 1. These two

Large/Systems Computer

Model Variable (36 observations) (39 observations)
Output Proportion of sales from products introduced the last 12 months 2 3
Performance

Proportion of sales from products introduced the last 3 years 3 3

New products normalized by life cycle 1 1

Strategic performance position 1 1

Technical product performance 2 0
Process Design complexity 3 0
Performance

Preferred parts list 2 2

Change of specifications 1 1

Number of milestones 1 0

Number of design reviews 1 0

Team size 1 0
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factors were included because they significantly im-
prove variance explained and have a managerially
meaningful interpretation. This procedure of enriching
a solution provided by the Mineigen criterion is com-
mon use in case of having few variables [15,19].

Regression Model

The regression was carried out using the factor scores
as independent variables. The factor scores, a result of
the factor analysis, are normalized between —1 and 1,

C. LOCH ET AL.

with O corresponding to the average. The design-to-
cost factor was associated with only one variable itself
(unit cost reduction), so for this factor and for the
productivity measures the variables themselves were
used.

The explained variance varied greatly over the re-
gression models. The output regression in the com-
puter industry scored highest with adjusted R* = 0.7
(profitability) and R* = 0.65 (profitability growth). No
other regression model yielded consistently high R?;
they ranged from 0.1 to 0.5.



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

