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Abstract

This study extends the new product development (NPD) process research to a new environmental context (Taiwan’s IT industry) and a
new business type (original design manufacturing, ODM). Taiwan’s IT industry has achieved a very outstanding performance during the
last two decades. The island’s experience is quite valuable for those emerging countries that are struggling to transform themselves from
producing low-value goods to making high-technology products. After analyzing the data collected from 153 research and development
(R&D) and marketing managers in Taiwanese IT firms, this study finds that the higher the perceived importance of R&D—marketing
cooperation is, the higher the attained level of R&D—marketing cooperation will be. Consequently, a better NPD performance can be
achieved. This study additionally reports that a firm that has adopted a Defender innovation strategy attains a lower level of R&D—
marketing cooperation, and has a poorer NPD performance than those firms that adopted either Prospector or Analyzer innovation
strategies. Finally, environmental uncertainty has no significant impacts on the perceived importance and the attained level of R&D—

marketing cooperation.
© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Many empirical studies have demonstrated that the effec-
tive cooperation between research and development (R&D)
and marketing increases the success rate of a new product
development (NPD; Atuahene-Gima & Evangelista, 2000;
Cooper & Kleinschmidt, 1987; Hise, O’Neal, Parasuraman,
& McNeal, 1990; Song & Parry, 1992). The active partici-
pation of R&D and marketing personnel in the NPD process
enhances the company’s ability in developing new products
to satisfy customer needs. Although some research studies
extend the relationship beyond R&D and marketing to
include other functional units (Olson, Orville, Walker, Rue-
kert, & Bonner, 2001), R&D—-marketing cooperation still
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plays a major role in the success of an NPD. In practice, an
NPD process consists of several stages. Do varied levels of
R&D—marketing cooperation occur at different NPD stages?
Do R&D and marketing personnel show different perspec-
tives on the NPD process? Do the innovation strategy and
environmental uncertainty possess any effect on NPD per-
formance? What is the difference between more successful
and less successful projects? This study develops a model to
investigate these issues in Taiwan’s highly successful IT
industry.

To shed some new light on research over the NPD process,
the present study extends the previous research in the fol-
lowing ways: First, Taiwan’s IT industry has achieved out-
standing results over the last two decades (Chang & Yu, 2001,
chap. 12). However, a study dedicated to Taiwan’s IT industry
has not yet been proffered. The majority of previous research
studies were carried out in developed countries with little
attention on the newly industrializing economies (NIEs). This
study is the first one dedicated to the NPD process on
Taiwan’s IT industry. Cultural difference might actually raise
new issues in some respects. Hofstede (1980) reported that
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culture values do affect the behavior pattern. Yeh (1988) also
found that cultural characteristics affect the leadership style
and value.

Several scholars have conducted research on the NPD
of high-technology firms in some developing countries
(Li & Atuahene-Gima, 2001; Song, Montaya-Weiss, &
Schmidt, 1997). These research studies cover many types
of industry such as chemical, pharmaceuticals, bioengi-
neering, automobile, etc. They also include a wider range
of high-technology firms. However, focusing on a rela-
tively homogeneous industry can isolate the potential
contaminating effects caused by the industry-specific
characteristics. Moreover, industry-specific characteristics
will drive companies in different industries to adopt
assorted strategies to win the market in their domains.

In the IT industry, product life cycle is extremely short.
Companies need to deliver new products before they have
any market value. The rapid changes in technology and
the market force the R&D and marketing departments to
cooperate closely, to react to any sudden changes. These
two unique features of the IT industry indeed impact the
nature of R&D and marketing cooperation. To cope with
the rapid change in technology and the extremely short
product life cycles, the cross-functional cooperation of the
NPD process in the IT industry may be different from
those industries with a longer product life cycle. There-
fore, it is worthwhile to separately investigate these
issues.

The second extension of this study is that firms in
developed countries focus mainly on the own brand man-
ufacturing (OBM)? business. This study examines R&D—
marketing cooperation in an original design manufacturing
(ODM) and original equipment manufacturing (OEM) busi-
ness. In Taiwan’s IT industry, the main type of business is
OEM/ODM. An OEM/ODM business is different from an
OBM business in many aspects. For an OBM, companies
can entirely control their marketing activities. However, for
OEM/ODM, firms are not involved in their OEM/ODM
customers’ sales/marketing activities. Being isolated from
the customer base, how do Taiwanese IT firms implement
their NPD process?

Taiwan-made IT products dominate the worldwide mar-
ket in many categories (see Table 1). Many of them share
over 50% of the worldwide market. This evidence demon-
strates that Taiwan’s IT industry has had a highly success-
ful growth experience, from which it can be documented

2 Through this paper, OEM stands for original equipment manufactur-
ing, and is defined as a business of “manufacturing parts and components
to specification provided by buyers” (Yusuf, 2003, chap. 7). ODM stands
for original design manufacturing, and is defined as conducting functions
from “postconceptual design services to the manufacturing.” OBM stands
for original brand manufacturing, and is defined as “selling the products
under its own brand name.” Another type of taxonomy combines OEM and
ODM into a contract manufacturer, and OBM is referred to as an original
equipment manufacturer. This paper adopts the terms of OEM/ODM/OBM
(Gereffi, 1999; Mathews, 1997; Yusuf, 2003, chap. 7).

Table 1
2001 IT production in Taiwan
Product Revenue Quantity Worldwide
(US$M) (K-units) share (%)
Notebook PC 12,239 14,161 55.3
Desktop PC 6866 25,405 24.0
Motherboard 5647 80,565 70.4
CRT monitor 5240 46,171 51.2
LCD monitor 3131 9007 58.6
CD/DVD/RW drives 2106 51,998 31.9
Digital camera 1132 8821 39.7

Source: MIC/ITIS (2002).

and lessons can be learned. Many developing countries are
eager to transfer themselves from producing low-value
goods to making high-technology products. The authors
believe that the results of this study can provide valuable
implications for them.

This study finally reports a popular NPD process
adopted by Taiwan’s IT industry. The NPD processes of
Taiwanese IT firms are design and development (D&D)-
oriented. It is a kind of OEM/ODM sales-driven process.
The stages of this process are different from that of an
R&D-oriented NPD process. This successful NPD process
can provide helpful recommendations to those other
countries or industries that also focus on any D&D-
oriented business.

2. Literature review
2.1. NPD stages

Prior researchers suggest several different systems of
an NPD process (Cooper, 2001; McGrath, 1996, chap. 3;
Ulrich & Eppinger, 1995, chap. 2). Cooper (2001) pro-
posed a stage—gate system. The key stages are discovery,
scoping, build the business case, development, testing and
validation, and launch. Each stage is involved with
multiple functional departments, and there is a gate
between each two contiguous stages. The gates serve as
quality-control checking points. Three quality issues are
checked: quality of execution, business rationale, and
quality of action plan. McGrath (1996, chap. 3) suggested
five phases for the implementation of concurrent engi-
neering. They are concept evaluation, planning and spec-
ification, development, test and evaluation, and product
release. Ulrich and Eppinger (1995, chap. 2) presented a
generic development process with five phases including
concept development, system-level design, detail design,
testing and refinement, and production ramp-up.

Taiwan’s IT industry provides very little research func-
tions, as the major role of NPD in Taiwanese IT firms is
not R&D, but rather, design and development. New
product design and process development are their major
NPD activities. Because Taiwanese IT firms are not
usually involved with new technology discovery or crea-
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tion, their NPD stages are hence different from those firms
that conduct R&D. When the authors of this study discuss
the NPD process with industrial practitioners, a basic
skeleton of the NPD process in Taiwan’s IT industry is
described, and the vast majority of NPD processes used by
Taiwanese IT firms are modified from a pioneering
company.

The NPD process is also a stage—gate system. It is
divided into six stages: feasibility study, product planning,
product development, prototyping, pilot run, and mass
production. This study adopts this popular NPD system
for its detailed investigation. Due to a small home market,
Taiwanese IT firms have no position as a standard creator,
but the best they can do is be the quickest standard
follower. Marketing people carefully watch out for trends
and frequently discuss them with OEM/ODM customers.
Once a global standard is about to be formed, NPD
projects are initiated immediately, with NPD teams work-
ing hard to timely deliver the most competitive products
and services to customers. Taiwanese IT firms as such
have been very successful standard followers over the past
two decades.

2.2. Innovation strategy

When investigating the NPD process, several research
studies found that a firm’s innovation strategy has a
significant relationship with cross-functional cooperation
and NPD performance (Cooper & Kleinschmidt, 1987;
Olson et al., 2001). Many NPD studies in the literature
adopt the taxonomy developed by Miles and Snow (1978,
chap. 1) for innovation strategies. Prospector, Analyzer, and
Defender innovation strategies are used in high-technology
NPD studies. The Reactor strategy is excluded because it is
not able to assure the long-term survival of a firm (Gupta,
Raj, & Wilemon, 1986; Song, Neeley, & Zhao, 1996; Song
& Parry, 1992).

Miles and Snow (1978, chap. 1) defined these four
strategies as follows: “Prospectors are organizations that
almost continually search for market opportunities, and
they regularly experiment with potential responses to
emerging environmental trends. Thus, these organizations
often are the creators of change and uncertainty to which
their competitors must respond.” ‘““Analyzers are organi-
zations that operate in two types of product-market
domains, one relatively stable, the other changing. ...,
and then they rapidly adopt those that appear to be the
most promising.” “Defenders are organizations which
have narrow product-market domains. ...These organiza-
tions seldom need to make major adjustments in their
technology, structure, or methods of operation. Instead
they devote primary attention to improving the efficiency
of their existing operations.” “Reactors are organizations
in which top managers frequently perceive change and
uncertainty occurring in their organizational environments
but are unable to respond effectively. ..., it seldom makes

adjustment of any sort until forced to do so by environ-
mental pressures.”

A Prospector values the first movement and risk-taking in
a new market and product development. It conducts its
business in a broad market and product domain. A Defender
maintains a niche market by providing relatively stable
services. It offers excellent quality, superior service, and
low prices to secure its business domain. An Analyzer is a
mixture of a Prospector and a Defender. It maintains limited
product lines to quickly respond to market change. A Reactor
is unable to effectively respond to changes in the environment
and it cannot survive in the extremely competitive IT industry.

2.3. Environmental uncertainty

Organizational theory suggests that environmental uncer-
tainty significantly impacts organizational structure and
performance. Technical and market uncertainties are used
to measure environmental uncertainty. Technical uncertainty
relates to the lack of knowledge about the exact means to
accomplish an NPD project (Tatikonda & Montoya-Weiss,
2001). Some sources can cause technical uncertainty such as
technological evolution, technological discontinuities, rates
of technology change, disruptive technologies, etc. Techno-
logical evolution means that a new technology substitutes for
the prior technology and results in new industry standards
(Tushman & Rosenkopf, 1992). Technological discontinu-
ities can be characterized as competence-destroying or
competence-enhancing. A disruptive technology is a new
product or service that disrupts an industry and eventually
wins most of the market share. In the IT industry, the rate of
technology change is very fast, and the technical uncertainty
is relatively high.

Market uncertainty can be objectively measured in terms
of its complexity, dynamics, and variability (Jaworski &
Kohli, 1993; Song, Thieme, & Xie, 1998). Prior research
studies report that environmental uncertainty could impact
the perceived importance of cross-functional cooperation
(Griffin & Hauser, 1996; Gupta et al., 1986) and have a
moderating effect on the relationship between R&D—mar-
keting cooperation and NPD performance (Gupta et al.,
1986). Li (1999) argued that when competition is high,
R&D and marketing personnel must strengthen their coop-
eration so as to win an advantage over the competitors.
However, Souder, Sherman, and Davies-Cooper (1998)
found that the moderating effects are only supported at 3
out of 28 interaction tests. The results of the moderating
effects are mixed.

3. Conceptual framework and research hypotheses

3.1. Conceptual framework

In this study, the authors propose a conceptual frame-
work as shown in Fig. 1. The following sources are used
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Fig. 1. Conceptual framework.

to construct the model: (1) prior research results; (2)
authors’ practical experience; and (3) NPD managers’
recommendations during in-depth interviews. This model
investigates the relationships among the perceived impor-
tance of R&D—marketing cooperation, the attained level of
R&D—marketing cooperation, and NPD performance. Fur-
thermore, the effects of innovation strategy and environ-
mental uncertainty are also examined.

3.2. Perceived importance and attained level of R&D—
marketing cooperation

NPD is a function of teamwork. Previous studies show
that a higher cooperating NPD team could result in a better
NPD performance. Social behavior theory suggests that the
perception of another’s behavior increases the likelihood of
engaging in that behavior (Bargh, Chen, & Burrows,
1996). If NPD team members from different functional
departments perceive a higher level of importance on
cross-functional cooperation, then, they are more willing
to conduct the cooperation. Consequently, the attained
level of cross-functional cooperation is higher. Hence, it
is hypothesized:

Hypothesis 1: The higher the perceived importance of
R&D—marketing cooperation is in an NPD stage, the higher
the attained level for cooperation will be in that stage.

3.3. The relationship between R&D—marketing cooperation
and NPD performance

Many empirical studies demonstrate that the level of
cross-functional cooperation is a critical determinant of
NPD success (Calantone & Di Benedetto, 1988; Pinto,
Pinto, & Prescott, 1993; Ruekert & Walker, 1987; Yap &
Souder, 1994). NPD typically involves R&D and marketing
personnel in identifying marketing opportunities, setting
new product goals, and resolving product-cost performance
tradeoffs (Souder, 1988). If R&D and marketing personnel
do not communicate and cooperate effectively, then, the
information of market needs and the knowledge of product

creation will be disjointed. Griffin and Hauser (1996)
suggested that the ability in integrating R&D and marketing
personnel to reduce environmental uncertainty could im-
prove NPD performance. Therefore, effective R&D and
marketing cooperation is important to the creation of
profitable new products in a timely way (Griffin & Hauser,
1996; Gupta et al., 1986; Olson, Walker, & Ruekert, 1995;
Souder, 1988). Thus, it is proposed:

Hypothesis 2: The higher the attained level of R&D-—
marketing cooperation is, the better the NPD performance
will be.

3.4. The effects of innovation strategy

An earlier study suggests that the aggressiveness of an
innovation strategy increases the perceived importance of
R&D-marketing cooperation (Gupta et al., 1986). On the
other hand, a firm that perceives the importance of R&D—
marketing cooperation may adopt more aggressive innova-
tion strategy to gain better profit. However, in a recent
study, Rochford and Rudelius (1997) found that a product
innovation strategy does not influence the perceived im-
portance of cross-functional cooperation. Learning theory
suggests that learning from past experiences can enhance
people’s perception and improve their behavior in the
future. In the beginning, only a few people perceive the
importance of R&D—marketing cooperation for the success
of NPD. Once the importance of cooperation is repeatedly
demonstrated in several successful NPD projects, NPD
members will learn and recognize its importance toward
a successful NPD. Through continuous education and
training, the importance of cross-functional cooperation
has become a consensus now, and it is particularly distinct
in the IT industry. The crucial challenges and competition
in the IT industry force NPD team members to understand
the importance of cross-functional cooperation. Therefore,
a hypothesis is proposed as:

Hypothesis 3a: The levels of perceived importance of
R&D—marketing cooperation are high in the IT industry, no
matter which innovation strategy a firm adopts.
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Knowing what one should do is easy, but doing what
should be done is a challenge. Knowing what should be
done does not guarantee that people will do it accord-
ingly. Only through learning by doing do people fully
understand the crucial role of cross-functional cooperation
in the NPD success. For Prospectors and Analyzers,
timing is very critical to a successful NPD. If NPD teams
can deliver new products ahead of their competitors, they
can enjoy the benefits of higher profit. Moreover, the
enjoyment of success can further advance the willingness
of future cooperation. For Defenders, the ultimate goal is
to deliver new products with excellent quality and lower
price. There, the timing requirement is not so relatively
critical. The cooperation between operations and R&D, or
between operations and marketing is more important.
Hence, it is postulated:

Hypothesis 3b: An innovation strategy can influence the
attained level of R&D—marketing cooperation. Defenders
have a lower level of R&D and marketing cooperation than
Prospectors and Analyzers.

NPD managers who appropriately fit their strategy into
a market situation will see higher new-product success
rates. Cooper and Kleinschmidt (1995) found that an
innovation strategy leads the management to fund ade-
quate resources for specific product development, conse-
quently resulting in a more successful NPD. Prospectors
take significant risk in NPD, but also possess higher
rewards when an NPD product succeeds. Analyzers do
not enjoy the same higher profit margins as Prospectors,
but their risk is lower. Defenders must provide excellent
quality and lower prices to secure their business. They will
not deliver products until the market and technology are
mature. In the IT industry, the product life cycle is very
short, leaving little room for Defenders to endeavor their
best efforts to deliver the most competitive products.
Hence, it is proposed:

Hypothesis 3c: An innovation strategy can impact NPD
performance. In the IT industry, Defenders have lower NPD
performance than Prospectors and Analyzers.

Olson et al. (1995) suggested that higher levels of cross-
functional cooperation might not always be beneficial to
NPD performance. In the later study, Olson et al. (2001)
found that the moderating effect of an innovation strategy on
the relationship between operation—marketing cooperation
and NPD performance is significantly supported. However,
this moderating effect is not significant between R&D—
marketing cooperation and NPD performance. This study
investigates R&D and marketing cooperation and, therefore,
it is hypothesized:

Hypothesis 3d: An innovation strategy does not moderate
the relationship between R&D—marketing cooperation and
NPD performance.

3.5. The effects of environmental uncertainty

Based on information processing theory, when the
market and technology are predictable, decisions and
actions can be preprogrammed, and a high level of
R&D—marketing cooperation may not be necessary. When
environmental uncertainty is high, an NPD team will
perceive higher needs for R&D-marketing cooperation
(Souder et al., 1998). Gupta et al. (1986) suggested that
the perceived uncertainty of the environment increases the
perceived importance of R&D-—marketing cooperation.
Hence, it is proposed:

Hypothesis 4a: Environmental uncertainty can strengthen
the perceived importance of R&D—marketing cooperation.

Li (1999) reported that market uncertainty increases
the need for cross-functional information sharing. When
environmental uncertainty is high, R&D and marketing
personnel must intensify their cooperation so as to keep
all NPD team members informed about market trends
and competitor’s moves, and then take quick and appro-
priate actions. Therefore, environmental uncertainty can
force NPD teams to perform a faster, more effective, and
more efficient NPD process (Song et al., 1998). The
hypothesis is:

Hypothesis 4b: Environmental uncertainty can enhance the
attained level of R&D—marketing cooperation.

Menon, Jaworski, and Kohli (1997) found that cross-
functional cooperation is more important for product quality
under a turbulent market than in a stable market. However,
Souder et al. (1998) reported that this moderating effect is
only minimally supported (3 out of 28 cases). They showed
that only market uncertainty moderates the relationship
between R&D—marketing cooperation and prototype devel-
opment proficiency. The moderating effect is not supported in

Table 2
Demographic characteristics of the respondents
Number Percentage
(%)
TBype of industry
PC systems 19 12.4
Peripherals 40 26.1
Communications 20 13.1
Opto-electronics 15 9.8
Semiconductors 26 17.0
Consumer electronics 10 6.5
Components 14 9.2
Software 9 59
153 100
Job classification
Top R&D manager 66 43.1
Lower—middle R&D manager 16 10.5
Top marketing manager 49 32.0
Lower—middle marketing manager 22 14.4
153 100
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Table 3
Statistics of key measures

Measure Mean S.D. Correlation coefficients
1 2 3 4 5
1. Innovation 1.94 0.62 (na.)
strategy
2. Environmental 4.72 1.12 —.02  (.80)
uncertainty
3. Perceived 6.49 046 .03 .08 (.86)
importance

of cooperation

4. Attained level 5.60 080 —.11 .11 52%*% 0 (.90)
of cooperation

5. NPD 496 1.16 —.23* —.04 .12 A3 x* 0 (82)
performance

n.a.: not applicable, (): coefficient alpha.
* P<.001.
** pP<.0l.

other conditions, neither between market uncertainty and
other performances nor between technical uncertainty and
all NPD performances. This study follows the result of
Souder et al. and hypothesizes that:

Hypothesis 4c: Environmental uncertainty does not mod-
erate the relationship between R&D—marketing cooperation
and NPD performance.

4. Empirical study
4.1. Research instrument development

This study consists of in-depth interviews and a ques-
tionnaire survey. The authors identified measurement scales
from the NPD literature and then conducted intensive
discussions with academic experts and NPD managers to
develop a questionnaire draft. The draft was translated into
Chinese using the translation/retranslation method. This
method was conducted by two translators independently
translating the English questionnaire into Chinese versions,

and then, the other two translating the Chinese versions
back into English. The latter English versions were com-
pared with the original one to make sure that the meanings
were consistent with the original concepts.

Two pretests were conducted. Participants were asked to
identify any confusion. Five EMBA students with business
experiences performed the first pretest. After the pretest, the
questionnaire was revised. The second pretest was conducted
on 18 R&D and marketing managers from three Taiwanese IT
firms. Minor modifications were incorporated into the final
questionnaire. The pretests indicate that the questionnaire is
deemed appropriate to examine R&D and marketing coop-
eration in Taiwanese IT firms.

4.2. Sample and data collection

All the IT firms listed in the then Taiwan Stock
Exchanges (TSE) are screened according to the following
criteria:

— The firm is in the IT industry.
— The firm has R&D and marketing departments.
— The firm has commercialized its NPD products.

The authors screened the candidates by accessing the
database of TSE and the companies’ websites. Finally, 151
firms were included in the sample population.

To be convenient for the respondents, the questionnaire
was delivered to the presidents of the 151 firms in two forms:
e-mail or regular mail. Along with the questionnaire, a
personalized letter was sent to the president. The letter asked
that he/she select the proper strategic business units (SBU) in
his/her company and forward the questionnaires to the
selected NPD managers. To encourage participation, all the
informants were assured that their responses would be kept
confidential and will only be shown in an aggregated form.
The authors also promised to give a copy of the results to all
respondents. After several follow-up e-mails and phone calls,
153 usable responses were received from 82 R&D managers
and 71 marketing managers employed by 43 companies. The

—&— Perceived importance

—&— Attained level

Stage 1 Stage 2 Stage 3 Stage 4

Note: Stage 1 - feasibility study
Stage 3 - product development
Stage 5 - pilot run

Stage 5 Stage 6

Stage 2 - product planning
Stage 4 - prototyping
Stage 6 - mass production

Fig. 2. Perceived importance versus attained level.
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—a&— Hi-success perceived
—O— Low-success perceived

—8— Hi-success attained

—X— Low-success attained

Stage 1 Stage 2 Stage 3 Stage 4

Stage 5

Stage 6

Fig. 3. Perceived importance and attained level: more successful versus less successful.

total process of data collection started from Q4 2001 and
ended in Q1 2002. The response rate for firms is 28.48%.
Table 2 presents a summary of the demographic character-
istics of the respondents.

To examine nonresponse bias, the mean of the companies’
performance data of the respondents and nonrespondents
were compared on three dimensions: annual sales, EPS, and
total number of employees. The performance data were
retrieved from the database of TSE and no significant differ-
ences were found. The means of the primary interested
variables of the early and the late respondents were also
compared. The results indicate no statistically significant
differences. It is concluded that the data indeed represent
Taiwan’s IT industry.

4.3. Measurement

The study uses multiple-item scales to measure the
corresponding construct. All of those measures are scored
on seven-point Likert scales. Some measurement items were
derived and adapted from validated scales, while some items
were developed specifically to reflect the real situation in
Taiwan’s IT industry. The items used to measure the under-
lying construct are summarized in Appendix A.

Fourteen items are used to measure R&D and marketing
cooperation at six NPD stages. Five items are used to measure
the environmental uncertainty. Numerous indicators can be
used to measure NPD performance, such as market share,
customer satisfaction, profit margins, technical performance,

Table 4
ANOVA analysis of perceived importance by innovation strategy

time to market, success rate, etc. Griffin and Hauser (1996)
suggested that a successful NPD is able to commercialize a
profitable product in a timely fashion. Olson et al. (1995)
claimed that due to tight resources and a rapidly changing
environment, completing a product in a timely manner
becomes increasingly important. Considering the unique
characteristics of the IT industry, the authors follow Griffin
and Hauser’s suggestion and take timeliness, profitability,
and overall success as the measures of NPD performance.

4.4. Reliability and validity

The Cronbach alpha coefficient is used to assess the
internal consistency of all multi-item scales. These coef-
ficients, together with the mean and standard deviation,
are shown in Table 3. All of the alpha coefficients exceed
.8. This demonstrates an adequate internal consistency.
The statistics of key measures are shown in Table 3.
Factor analysis is used to verify if multiple items are
loaded on the corresponding conceptual construct. All the
factor loadings are .4 or greater for the underlying
construct, and are less than .4 for the others. The results
demonstrate the construct validity.

5. Analysis and results

Linear regression analyses are used to test the postu-
lated relationships. Variance inflation factors (VIF) are

Mean scores ANOVA Posterior analysis ( P value)
Prospector Analyzer Defender (P value) Prospector Defender
(n=34) (n=94) (n=25) vs. Analyzer vs. others

Perceived importance

Feasibility study 6.65 6.68 6.44 .26

Product planning 6.53 6.60 6.57 .82

Product development 6.62 6.61 6.48 .58

Prototyping 6.18 6.53 6.44 .08

Pilot run 5.99 6.37 5.92 .003 * .008 * .109

Mass production 6.39 6.51 6.52 .60

* P<.0l.
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6.5

5.5

4.5

—&— Prospector
—24— Analyzer
—X— Defender

Stage 1 Stage 2 Stage 3 Stage 4

Stage 5 Stage 6

Fig. 4. Perceived importance of R&D—marketing cooperation by innovation strategy.

calculated to examine the presence of multicollinearity.
These factors are below the acceptable cutoff of 10
(Neter, Kutner, Nachtsheim, & Wasserman, 1996). When
testing the moderating effect, the data are centered to
reduce multicollinearity and to render more meaningful
interpretations of the regression coefficients. To provide a
clearer expression to practitioners, line charts are used as
far as possible in the following discussions. ANOVA tests
are used to check if any effect from innovation strategies
exists on the perceived importance of cooperation, the
attained level of cooperation, and the NPD performance.

5.1. Perceived importance and attained level of cooperation

HI1 hypothesizes that, at each stage, the higher the
perceived importance of R&D—marketing cooperation is,
the higher the attained level of the cooperation will be.
Linear regression analyses demonstrate that the relation-
ships are strongly supported for all six stages (P<.001).
Fig. 2 explicitly exhibits this relationship. The data reveal
very important information on Taiwanese IT firms: NPD
managers perceive a very high level of R&D—marketing
cooperation, more than six out of a seven-point scale, and
the attained levels are all over five. These high numbers
might be one of the reasons why Taiwan’s IT industry has
had such an outstanding performance in the last decade.
From Fig. 2, the levels of cooperation at the early stages are
higher than those at the latter stages. This is consistent with
the findings of a previous research (Olsen et al., 2001).

5.2. NPD performance

H2 proposes that the higher the attained level of R&D—
marketing cooperation is, the better the NPD performance
will be. The results of the linear regression analyses show
that the relationships are strongly supported at all six stages
(P<.0001). These results are consistent with prior research
studies (Gupta et al., 1986; Olsen et al., 1995; Song & Parry,
1992). The authors used the median of NPD performance to
split NPD projects into two groups: more successful and less
successful. The levels of perceived importance of coopera-
tion between these two groups are only significantly differ-
ent at the feasibility study and product development stages.

However, less successful NPD projects significantly attain
lower levels of cooperation at all NPD stages. Fig. 3 shows
the levels of cooperation of these two groups, exhibiting that
all NPD managers highly understand the importance of
R&D—marketing cooperation, but only parts of them actu-
ally implement it and gain better NPD performance. Com-
bining the results of H1 and H2, it can be concluded that the
higher the perceived importance of R&D—marketing coop-
eration is, the higher the attained level of the cooperation
will be. Consequently, a better NPD performance can be
achieved. When all the firms have high perceived impor-
tance of R&D—marketing cooperation, the variation is too
small to make a difference. Only through learning by doing
can people indeed fully understand the crucial role of cross-
functional cooperation for NPD success and realize how to
thoroughly implement it.

5.3. Innovation strategy

H3a postulates that the perceived importance of
R&D—marketing cooperation shows no difference among
three innovation strategiecs. ANOVA is used to test this
and Table 4 shows the results. The levels of perceived
importance of cooperation are only significantly different
at the pilot run stage. The Analyzer has a significantly
higher perception at this stage than others. H3a is,

Table 5
Attained level of cooperation and NPD performance by innovation strategy

Mean scores Defender vs.

Prospector  Analyzer Defender othersl
(n=34)  (1=94) (n=25) (P value)
Attained level
Feasibility study 5.85 5.95 5.52 .10
Product planning 5.76 5.94 5.49 .08
Product development 5.93 5.91 5.50 .045%*
Prototyping 5.56 5.59 5.50 .76
Pilot run 5.29 5.16 4.54 .008 **
Mass production 5.40 542 5.19 33
NPD performance 5.18 5.07 4.25 <.001%**
* P<.05.
** p<.0l.
**% P<.001.
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Fig. 5. Attained level of R&D—marketing cooperation by innovation strategy.

hence, generally supported, reconfirming Rochford and
Rudelius’ (1997) finding. A chi-square test is used to
investigate the relationship between the perceived impor-
tance of R&D-marketing cooperation and innovation
strategy. The result indicates that they are independent.
It represents that not only does the innovation strategy
not affect the perceived importance of cooperation, but
also that the perceived importance of cooperation does
not affect the innovation strategy. Fig. 4 exhibits the
levels of perceived importance of cooperation for three
different innovation strategies.

H3b proposes that Defenders have lower attained
levels of cooperation. As shown in Table 5 and Fig. 5,
defenders have attained lower levels of cooperation than
the other two at all six NPD stages. However, it is only
significantly different at product development (P <.05)
and pilot run stages (P<.01). Therefore, H3b is only
partially supported.

H3c proposes that Defenders have a lower NPD per-
formance than Prospectors and Analyzers. In Table 5, the
data show that Defenders have the worst NPD perfor-
mance, and their performance is significantly different
from that of Prospectors and Analyzers (P<.001). The
results support H3c. Cooper and Kleinschmidt (1995)
found that a firm with a clear product strategy that is able
to leverage its existing markets and technologies has a
better NPD performance. The study reports a consistent
result with their findings.

5.4. Environmental uncertainty

H4a proposes that environmental uncertainty can strength-
en the perceived importance of R&D—marketing coopera-
tion. To test the effects of environmental uncertainty, the
median is used to split the data into two groups: high and low
environmental uncertainty. The levels of perceived impor-
tance at all six stages are tested. The differences between the
high- and low-environmental-uncertainty groups are only
significant at the product planning stage ( £=.03) and, thus,
H4a is not supported, as shown in Fig. 6. The result is
contradictory with prior research findings. In the IT industry,
product life cycles are very short, and technology and the
market are ever changing. NPD team members are used to
facing an uncertain environment, and they take it as being
normal. This might be the reason why the result is different
from that of prior research.

H4b postulates that environmental uncertainty can en-
hance the attained level of cooperation. Fig. 6 clearly
exhibits that the high-environmental-uncertainty group has
a higher attained level of cooperation than the low-environ-
mental-uncertainty group. However, the differences between
the two groups are only significant at the prototyping
(P=.04) and pilot run (P=.035) stages. Therefore, H4b is
partially supported. Although the impact of the environmen-
tal uncertainty to NPD performance is not included in the
study, the data show that the high-environmental-uncertainty
group has a lower performance than that of the low-envi-

—— Hi-uncert. Perceived
—O— Low-uncert. Perceived
—l— Hi-uncert. Attained
—X— Low-uncert. Attained

Stage 1 Stage 2 Stage 3 Stage 4

Stage 5 Stage 6

Fig. 6. Perceived importance and attained level: high uncertainty versus low uncertainty.
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Table 6
Standardized regression results on NPD performance
Model 1 Model 2

Cooperation 0.41%** 0.72*
STGYO —0.05 0.26
STGY1 —0.24 ** 0.31
Uncertainty —0.10 0.29
Cooperation X STGYO0 —0.31
Cooperation X STGY1 —0.54
Cooperation X Uncertainty —0.47
Model F-statistic 11.43%%* 6.67***
Adjusted R? 22 21

* P<.0l.

** P<.05.

%k P<.001.

ronmental-uncertainty group (mean=4.83 vs. 5.09, respec-
tively). This implies that environmental uncertainty is bad
for NPD performance in the IT industry.

5.5. The moderating effects

A linear regression analysis is used to test the moderating
effects of innovation strategy and environmental uncertainty
on the relationship between the attained level of R&D-
marketing cooperation and NPD performance. Two dummy
variables, STGYO0 and STGY 1, are used to represent three
innovation strategies. For the Prospector, STGY0=0 and
STGY1=0. For the Analyzer, STGY0O=1 and STGY1=0.
For the Defender, STGY0=0 and STGY1=1. Table 6
shows the regression results. Model 2 reveals that the
moderating effects of innovation strategy and environmental
uncertainty are not significantly supported. The results
reconfirm the findings of Olson et al. (2001) and Souder
et al. (1998).

5.6. R&D and marketing managers’ perspectives

Prior research studies found that R&D and marketing
personnel do not inherently, easily cooperate together due
to differences on personality, language, way of thinking,
and responsibilities (Griffin & Huaser, 1996; Gupta et al.,
1986; Moenaert, Souder, De Meyer, & Deschoolmeester,
1994; Olson et al., 2001). However, this study reports that

R&D and marketing managers only exhibit different per-
ceived importance of cooperation at the prototyping stage
(P=.01) and different attained levels of cooperation at the
product planning stage (P=.05). There are no significant
differences at the other stages. This means that the per-
spectives of R&D and marketing managers on cooperation
are generally not different in Taiwan’s IT industry. With
the same perception, R&D and marketing personnel can
closely cooperate together. This might be one of the
reasons why Taiwan’s IT industry has performed so
successfully over the past decades. Fig. 7 presents the
data of R&D and marketing managers’ perspectives on the
perceived importance and the attained level of cooperation.

6. Conclusion

This study extends NPD research to Taiwan’s IT industry,
which mainly focuses on OEM/ODM business. The island’s
IT industry has achieved tremendous growth rates over the
last two decades, yet, few studies have systematically inves-
tigated the successful NPD practices of this emerging coun-
try. This research enhances the understanding of the NPD
process in Taiwan’s IT industry, providing insights to aca-
demic researchers and industrial experts who are interested in
Taiwan’s IT industry. The authors believe that the findings
can also be a valuable reference for other developing
countries that are facing a similar situation as Taiwan did.
From the survey, the authors find that although an ODM
business does not involve marketing activities to end-users,
ODM firms still need to invest sufficient resources for
marketing activities. If a firm is able to plan and develop
new products that meet customers’ requirements and propose
products before the ODM customers request them; then,
ODM customers will be satisfied and more willing to do
business with the firm.

Some key success factors to Taiwan’s IT industry are
pointed out in Made by Taiwan (Chang & Yu, 2001, chap.
12), including sufficient amount of hardworking engineers,
returning overseas-educated professionals, clustered firms in
industrial parks, etc. Currently, these phenomena are also
occurring in mainland China, as a huge and growing pool of
young Chinese engineering talent are studying in U.S.

—&— Perceived-R&D
—8— Perceived-Mktg
—24— Attained-R&D
—>— Attained-Mktg

Stage 1 Stage 2 Stage 3 Stage 4

Stage 5 Stage 6

Fig. 7. R&D and marketing comparison.
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universities now. Mainland China has gradually liberalized
its economic strategy and achieved distinguished growth in
the past years. Many overseas educated talents are willing to
return back there, and young engineers are working hard now
in start-up firms. With the help of Taiwanese professionals,
new scientific parks in mainland China have clustered nu-
merous IT manufacturers together. Taiwan’s successful ex-
perience is being duplicated in mainland China, on a bigger
scale. Referring to the Taiwan IT experience, it is believed
that mainland China can shorten its learning curve and
accelerate its development. Mainland China owns the biggest
potential market and has grown rapidly very recently. Mul-
tinational corporations (MNCs) are aggressively extending
their market territory there. This study can provide valuable
suggestions to them.

6.1. Managerial implication

This study provides several important managerial
implications on R&D and marketing cooperation in the
NPD process. First, through continuous education and
training, the perceived importance of R&D-marketing
cooperation has been a consensus in the IT industry.
Merely having a higher level of perceived importance
of R&D-marketing cooperation does not assure that an
NPD project will gain a better performance. Only those
NPD projects that have effective R&D and marketing
cooperation can achieve a higher successful rate. To gain
a better NPD performance, R&D and marketing personnel
must effectively cooperate together. How to educate and
train the NPD team members to achieve the cooperation
is the essential task of managers. Top management should
think about how to design an organizational structure to
enhance cross-functional cooperation, and then improve
the NPD performance. This is the most important insight
contributed by this study.

Second, an innovation strategy has little impact on the
perceived importance of R&D—marketing cooperation in the
IT industry, but it does have a strong relationship with NPD
performance. Firms that adopt the Defender strategy have the
worst NPD performance in comparison with firms that adopt
the Prospector or Analyzer strategy. If a firm has the position
as a standard creator, it should be as a Prospector to catch the
market opportunity and to obtain the utmost benefits. When a
firm is not in the position to set up a standard, it must at least
be an Analyzer to gain a better performance. NPD managers
who are able to appropriately fit their innovation strategies
with a market position will obtain a higher NPD successful
rate. Firms with a Defender strategy should strengthen their
R&D and marketing investment, so that they can upgrade to
be an Analyzer or a Prospector and then improve their NPD
performance.

Third, environmental uncertainty is a big challenge to
the IT industry. Due to an extremely short product life,
there is no room for an NPD team to redesign new
products. R&D and marketing personnel must work closely

from the beginning to the end to react against technical and
market uncertainty. Furthermore, environmental uncertainty
is the nature of the IT industry. NPD managers must think
of how to strengthen their integrating mechanism to cope
with uncertainty. For example, using information and
communication technologies (ICT), such as Internet, intra-
net, and videoconference facilities, can speed up informa-
tion collection and exchange.

6.2. Limitations and suggestions for future research

Some potential limitations of this study should be
explicitly recognized and taken into account when inter-
preting the findings. First, the results must be interpreted
with caution because the study focuses on Taiwan’s IT
industry. The setting is in an intensely competitive industry
and in a newly developing country. One must be careful
when extending the results to other countries or other
industries. However, the IT industry is the fastest growing
industry worldwide, and many developing countries are
interested in improving their country development. As
such, Taiwan’s IT experience is a valuable reference.
Another concern is the possibility of bias by using per-
ceptual measures on the variables of NPD performance.
Although using objective measures might overcome this
concern, they are difficult to be implemented because
many firms are reluctant to provide private financial data,
particularly at the project level. Moreover, it is difficult to
make meaningful comparisons of objective performance
measures across different industries.

The results suggest general directions for firms seeking to
improve their NPD activities. Further study in this research
stream can be devoted to develop specific action plans from
these results. Future research can be conducted in other Asian
emerging countries, as the region contains about one third of
the world’s population, and each country is struggling to
transform itself from a developing country to a developed
country. Currently, mainland China is very aggressive in
developing its high-technology infrastructure. With the same
language and the same race, but a different economic struc-
ture, Taiwan’s successful experience is now being duplicated
in China and is accomplishing good results. However, any
modification of Taiwan’s NPD experience that has been
successfully applied to mainland China is an interesting topic
for continuous investigation. The R&D and marketing man-
agers of Taiwanese IT firms exhibit similar perspectives on
R&D—marketing cooperation. Does this phenomenon have
any relationship with their outstanding performance? It is
worthwhile to examine this issue further.
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Appendix A. Measurement items in brief and their sources

Constructs Measurements

Sources

R&D—marketing
cooperation

Feasibility study

Song and Parry
(1992) and this study

R&D and marketing jointly discuss the customers’ requirement.
R&D and marketing jointly generate new product ideas.

Product planning

Marketing provides information to R&D on regulatory and legal

restrictions.

Marketing is involved with R&D in establishing NPD schedule.
Marketing is involved with R&D in setting NPD goals and priorities.

Product development

Marketing is involved with R&D on product implementation

trade-off.

R&D is involved with marketing in modifying products according to

market’s request.
Prototyping

Marketing is involved with R&D on product performance evaluation.
Marketing is involved with R&D on product cost evaluation.

Pilot run

R&D is involved with marketing in designing user and service

manuals.

Marketing provides information to R&D on market testing results.

Mass production

R&D is involved with marketing in training users of new

products/technologies.

Marketing provides information to R&D on competitors’ strategies

and reactions.

Marketing regularly provides information to R&D on feedback from

customers.

(All are seven-point Likert scales, 7 =strongly agree)

Environmental
uncertainty

Market uncertainty

It is hard to know customers’ needs.

Jaworski and Kohli
(1993) and this study

It is hard to understand competitors’ strategies.
It is hard to predict competitors’ product announcement.

Technical uncertainty

It is difficult to acquire technology.

Technology changes rapidly.

(All are seven-point Likert scales, 7 =strongly agree)

NPD performance Timeliness

Profitability
Overall success

Griffin and Hauser
(1996)

(All are seven-point Likert scales, 7= strongly agree)
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