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DEVELOPMENT MODE: A TRANSACTION COST
CONCEPTUALIZATION

Abstract

Technology alliances have emerged in the past decade as a significant mode of innovation
development. The present research assesses: (1) factors explaining whether firms will engage in
technology alliances or utilize the more traditional mode of internal R&D and (2) the market
success rate of innovation development depending on the mode selected. The hypotheses stem
from a transaction cost conceptualization. The results are encouraging in identifying factors
which relate to the selection of a technology development mode and the success rate of each
mode. Firms which pursued a technology alliance in line with the model's predictions achieved
higher market success rates.
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DEVELOPMENT MODE: A TRANSACTION COST
CONCEPTUALIZATION
Introduction
This is a study of the development mode utilized by firms in bringing innovations to market.
The decision examined is the use of internal development versus alliances.
The role of technology alliances has come to the forefront recently (Hagedoorn and
Schakenraad 1994). About a decade ago Friar and Horwitch (1985) and Graham (1985)
documented a marked shift to external sources of technology versus internal R&D. Powell
(1990) attributed this phenomenon in the U.S., at least in part, to Congress's passage of the
National Cooperative Research Act in 1984, which eased antitrust laws to permit
collaborative research. Recent data suggest that U.S. firms will increase their use of external
R&D from 12 to 35 per cent of total R&D budgets by 1996. The equivalent figures for
Japanese firms are from 40 to 60 per cent external R&D by 1996 (Houlder 1995). Mansfield
(1988) has suggested that a considerable proportion of Japan's technological success can be
attributed to the use of external sources of innovation, such as alliances and licenses, rather
than internal development.
In parallel with the increased utilization of alliances, academics are focusing conceptual
attention on alliances as a form of business organization (Ring and Van De Ven 1992, Teece
1992). Teece goes so far as to conclude that: "To be successful, innovating organizations
must form linkages, upstream and downstream, lateral and horizontal" (1992, p.22). In
empirical analyses of emerging technologies, such as biotechnology, alliances frequently have
been found to play the dominant role in technology development (Shan 1990, Pisano 1990).
There are a variety of mechanisms for securing technology from external sources, including
acquisition and licensing (Moenaert et al., 1990). Our particular focus will be on technology
alliances, by which is meant a partnership between two or more independent companies
which seeks to leverage the resources and competencies of each in order to develop
substantial innovations. Such an alliance could be with a competitor (horizontal alliance), or

with a customer or supplier (vertical alliances) (Harrigan 1988). We limit consideration to the
development of substantial innovations which advance the technology in the product
category, as opposed to product enhancements, modifications, or line extensions of existing
products.
The logic for the firm's pursuit of technological alliances is multifaceted. A basic distinction,
applying particularly to horizontal (competitor) alliances, is the motivation to expand strategic
capabilities vs. the motivation to reduce competition by crystallizing market power (Burgers,
Hill and Kim 1993). More specifically, the potential benefits of technology alliances have
been summarized as follows (Powell 1987, Terpstra and Simonin 1993):
• Gain faster access to new technologies or markets
• Gain advantages of scale in R&D
• Access technological expertise located beyond the boundaries of the firm
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• Leverage the comparative advantage of each partner
• Increase the firm's openness to its environment and stimulate internal innovativeness
• Share the risks of R&D beyond the resources of any one firm
This set of benefits reduces to three key factors according to Hagedoorn (1993), who studied
why companies engage in alliances to innovate based on a secondary data base of 4,000
technology alliances. The three motivations found to play a major role were: (1) technology
complementarity, (2) faster development of innovation, and (3) improved market access.
Unfortunately, these potential benefits are not always realized. Studies by McKinsey and
Coopers and Lybrand suggest that seven out of ten alliances fail to meet expectations and are
dissolved (Achrol, Scheer and Stern 1989). Thus, a real and important concern confronting
technology managers is when to align with partners in the development of new products and
when to go it alone. Some criteria and guidance for the formation of alliances and their likely
success are provided in the extant literature (Harrigan 1985; Ohmae 1989; Parkhe 1993),
although not related specifically to technology alliances.
The aims of the present research are to suggest a conceptual framework for the formation of
technology alliances based on transaction cost analysis and to test the framework across a
broad range of R&D managers. We will offer a set of hypotheses as to the appropriateness o.
technology alliances, depending on a number of factors. Additionally, we will assess the
normative value of our model in predicting levels of innovation success.
Conceptualization
The logic which we shall advance as to why firms should form alliances, including technology
alliances, is based on Williamson's transaction-cost analysis (Williamson 1975, 1985). This
conceptualization answers the questions of : (1) when does a firm need control over its
exchange processes, and (2) when are the benefits of increased control more than offset by
the costs of resource commitment and risk.
Transaction-cost analysis, however, has not focused on the possibility of alliances until
recently (Powell 1987, Williamson 1991, Ring and Van De Ven 1992). The essence of
Williamson's theory is that transactions which are subject to uncertainty and which require
substantial "transaction-specific investments" that cannot easily be redeployed are likely to
take place within the hierarchy of the firm (governance through vertical integration).
Alternatively, transactions of less uncertainty and requiring few "transaction-specific
investments" are likely to take place based on market contracting (governance through price
mechanism). In this sense, the transaction-cost framework considers the economic efficiency
of alternative governance mechanisms for supporting transactions. This dichotomous
specification neglects intermediate or hybrid forms of governance, such as alliances, which lie
between the two polar forms of markets and hierarchies.
Based on this objection, scholars have begun to emphasize the need to modify transactioncost theory, including Williamson (1991) himself. Powell (1990), for example, recognizes
three forms of organization — market, hierarchy, and network — and suggests that: "Firms are
blurring their established boundaries and engaging in forms of collaboration that resemble
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neither ... market contracting nor ... vertical integration" (p.297). Ring and Van De Ven
(1992), building on Powell, suggest that whether a firm relies on markets, hierarchies, or
alliances for its governance structure will depend on the level of trust between parties.
Transaction cost analysis has also been used to explain different alliance structures and their
performance, as in research by Parkhe (1993) which combines transaction-cost analysis with
game theory.
In the context of technology development, the polarities are represented by internal
development (vertical integration) and the acquisition of technology or licenses in the external
market (market contracting)'. Technology alliances thus represent an intermediate (nonmarket
and bilateral) governance mechanism. Utilizing transaction-cost economics, we propose to
investigate why some firms adopt this mechanism and form alliances for R&D projects,
whereas others develop new products internally.
One research project of particular note is that of Pisano (1990), which utilized transactioncost analysis to examine the decisions of established pharmaceutical firms to develop new
biotechnology drugs internally or via alliances. The focus of the research, in Pisano's terms, is
on technologies which are "competence destroying", i.e. biotechnology research which is not
compatible with the existing core competency of pharmaceutical firms, such that they must
either develop pew R&D competencies or contract externally to secure the new drugs. Pisano
finds that new product development is more likely to be internalized in those areas where the
(external) R&D market is more concentrated, thus leading to a small-numbers bargaining
hazard, and among firms that are most highly dependent on the pharmaceutical business. The
generalizability of the results is, of course, limited by the single industry context of the
research.
The major constructs of transaction-cost analysis will now be discussed and hypotheses
offered to guide our research. As developed by Williamson (1975), certain economic
transactions incur costs which could lead to market failure in that the market as a governance
mechanism becomes inefficient and inferior to other means of mediating exchange. Following
Williamson (1991), our thesis is that transaction cost analysis can be a useful framework for
analyzing the decision to form alliances for new product development as opposed to other
forms of governance. Enriching this perspective, our conceptualization now proposes three
constructs relevant to this decision process: these constructs are: (1) asset specificity, (2)
external uncertainty, and (3) behavioral (internal) uncertainty. 2 Transactions differ along
these critical dimensions and are then "aligned with governance structures, which differ in
their costs and competencies in a discriminating (mainly, transaction-cost economizing) way"

' The extreme market solution has been described as "virtual R&D", whereby a company outcontracts all of its
R&D (Houlder 1995).
' Williamson (1985, 1991) also considered "frequency" as a dimension of transaction costs because the "costs of
specialized governance structures" can be recovered more easily "for larger transactions of a recurring kind". In
other words, the volume of transactions reduces per unit transaction costs as there are fixed cost components with
the setting of governance structures for internal administration, e.g. measuring quality. The literature does not find
much empirical support for this dimension.
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(Williamson 1991, p. 277)3 . We now discuss these variables in turn and show under what
circumstances companies prefer a nonmarket bilateral governance mechanism, such as a
technology alliance, over other modes of governance.

Product Category Specific Assets
Transaction-specific assets involve investments in human and physical capital that cannot be
redeployed without losing productive value. These assets may be in plant and equipment
uniquely suited to producing a specific product or may be in terms of specific knowledge and
expertise.' Their development helps to provide a level of competitive immunity by limiting
the participation of firms to those with available resources to invest. A somewhat analogous
academic parlance today is core competencies, or institutionalized capabilities which
differentiate the firm strategically (Prahalad and Hamel 1990). In general, the development of
core competencies would seem to be associated with investments in transaction-specific
assets.
Asset specificity is the core determinant in the transaction-cost logic developed by Williamson
(1975, 1981 apd 1985). Partners signing a contract that requires investments, specific to this
transaction, enter a relationship of mutual dependence. Market forces will no longer readily be
able to punish opportunism and maladaptation. To minimize contracting hazards due to
opportunistic exploitation, safeguard mechanisms have to be employed (Klein, Crawford, and
Alchian 1978; Williamson 1985).
The rationale for choosing other governance structures than markets lies in the difficulty of
using contracts to safeguard tacit knowledge. This problem arises from the difficulty in
transmitting tacit or proprietary knowledge to another partner and in the small-numbersbargaining hazard. The latter refers to the situation where a partner with limited exchange
alternatives is required to invest in transaction specific assets and is, therefore, locked-into
this relationship. This party may be subject to exploitation by the stronger partner.
These arguments provide an incentive not to rely on a pure market solution as the appropriate
governance structure it which is mostly the case in technology alliances, tacit or proprietary
knowledge potentially evolves out of such a relationship. The ideal governance mechanism,
therefore, does not lie on the extreme (low-control) end of the continuum because of the
costs involved in safeguarding, controlling, and protecting technological know-how.
Although strategic alliances, or other forms of close inter-firm cooperation, have a number of
extra governance costs which arise, there are very specific reasons why this governance

3The potential transaction-costs associated with the different governance structures include the direct costs of
safeguarding, adaptation, and evaluation, and the opportunity costs due to maladaptation and sub-optimal factor
allocations.
4 Williamson (1991) elaborates on the classification of transaction specific assets and makes distinctions of six
kinds: (1) site specificity, (2) physical asset specificity, (3) human asset specificity, (4) brand name capital, (5)
dedicated assets (discrete investments sunk into a particular customer), and (6) temporal specificity.

mechanism is also superior to hierarchical modes, i.e. internalization, for technology
development. If a project needs complementary contributions that face some kind of market
failure from two or more partners, then they will wish to internalize the project between them.
Often this is due to multiple contributions to knowledge, but it may also be due to a lack of
managerial resources or the inability to access capital markets to finance a complete
internalization of the operations.
Hamel (1991) derived a complementary explanation from studying strategic alliances. He
argues that strategic alliances are a means of knowledge acquisition by firms as they learn
from their partner and thus can reduce costs of internal development of technological or
managerial competencies as represented by transaction specific assets. The acquisition-costs
of these transaction specific assets via internal development may be infinite as pointed out by
Itami (1987). Hamel's learning argument is complementary to the transaction cost argument
as learning reduces transaction costs of operating in a given environment and thus the need to
internalize the "acquisition of knowledge of that particular environment".
But, on the other hand, the more important a capability to the firm's potential success, i.e.
core business, the more likely the firm will be to invest in transaction-specific assets
(integration) rather than utilizing external sources or engaging in a cooperation with a partner
via an alliance. The prevalent logic is the possibility of opportunistic behavior by the partner.
This has been confirmed across a range of research applications (see Williamson and Ouchi's
1981 review), including production processes (Monteverde and Teece 1982), forward
integration into domestic distribution (John and Weitz 1988) and international distribution
(Klein, Frazier, and Roth 1990), and the selection of a direct salesforce versus agents
(Anderson 1985).
The selection of internal R&D versus an external alliance has not been empirically tested from
a transaction cost analysis perspective, although Moenaert et al. (1990) have proposed that
relevant technologies are more likely to be internalized. This is because the expected
outcome of an R&D alliance is new knowledge which, if vital to the company's core business,
carries all the problems of unprotected intangible assets with high potential externalities and
abuses by any participant. The costs of protection against opportunistic behavior render the
alliance option too costly and the company is more likely to internalize the R&D effort.
Thus, for technologies which are part of the firm's core capabilities, integration of R&D is
more likely. Transactional efficiency cannot be gained through market contracting nor can it
be gained through technology alliances, but internalization of R&D efforts is the only
transaction cost economizing governance mode.
Hypothesis 1:

The likelihood of establishing a technology alliance
decreases as the specificity of existing assets increases.

External Uncertainty

Originally, the sources of external uncertainty were undifferentiated in transaction cost
analysis theory. Recent empirical applications of transaction cost analysis, however, have
6

demonstrated that the concept is multidimensional. Of particular relevance to the present
research is the distinction suggested by Albernathy (1978) and formally specified by Walker
and Weber (1984) between demand uncertainty and technological uncertainty.
Demand Uncertainty. Demand uncertainty concerns the fluctuation of demand and the
unpredictability of demand. Demand uncertainty parallels the construct of volatility, which
refers to rapid changes in the environment (Leblebici and Salancik 1981).
Walker and Weber (1984), in the context of automobile manufacturing, found that as demand
uncertainty increases, the likelihood of internal integration of production increases. Similarly,
in the context of distribution, John and Weitz (1988) found that the likelihood of a direct
channel (rather than intermediaries) increases with uncertainty. Their measure of uncertainty
(predictability and volatility of sales), while labelled as environmental uncertainty, is similar to
Walker and Weber's measure of demand uncertainty. Klein, Frazier and Roth (1990) have
confirmed a similar finding in international markets: that as external uncertainty increases, the
probability rises that foreign sales subsidiaries (rather than independent channels) will be used.
External uncertainty was assessed in their study by "volatility" and "diversity" of sources of
uncertainty in the environment.
Generally, the higher the uncertainty, the less perfect will contracts be and thus, the greater
the number of contingencies that will have to be dealt with ex post. If uncertainty impedes the
efficiency of a transaction, then not market nor alliance but internalization can, ceteris paribus
(investment decisions held constant), reduce the risk and, therefore, internalization becomes
the transaction efficient governance structure.
Under conditions of demand uncertainty, several factors cause market contracting or
cooperation via a technology alliance to be too costly. First, mounting uncertainty strains
contracts by necessitating renegotiations (John and Weitz 1988; Gatignon and Anderson
1988). Secondly, integration favors "sequential, adaptive decision-making," which is required
as uncertainty increases (John and Weitz 1988, p.341), since higher levels of uncertainty
create "...adaptation and information processing problems" (Heide and John 1990, p.2'7).
Williamson (1991) describes these factors that incur direct costs of adaptation which, if they
are high, call for a governance structure that minimizes this type of transaction costs, i.e.
internalization. In highly demand-uncertain environments, we would expect alliance partners
to have difficulties in agreeing on an expected scenario on which to base the R&D strategy.
Significant costs also incur when transactions are maladapted to the environment during the
bargaining interval (Williamson 1991), which is likely to be the case in environments with high
demand uncertainty. The direct costs of renegotiation, adaptation and the opportunity costs of
maladaptation would be even higher in cases of pure market contracting. In those situations
we would therefore expect that internalization is the transaction efficient governance mode:
Hypothesis 2:

The likelihood of a technology alliance decreases
with demand uncertainty.

Technological Uncertainty. Technological uncertainty refers to the probability of
improvements in technology; i.e. to new generations of technology which might render
7

obsolete the current technology development effort. In their research within the automobile
industry, Walker and Weber (1984) posited that as technological uncertainty increases, a buy
decision (purchase from outside suppliers) becomes less likely. However, their results
showed an opposite (but nonsignificant) tendency — that high technological uncertainty was
actually more likely to be associated with a "buy" decision. Similarly, Balakrishnan and
Wernerfeld (1986) have shown empirically that the possibility of technological obsolescence
reduces internal integration, especially if the degree of competition is high. Perhaps more
dramatically, a number of authors have argued that breaks in technology (paradigm shifts),
which destroy existing competencies, encourage the use of alliances (Pisano 1990; Shan 1990;
Teece 1992).
Klein, Frazier and Roth (1990) provide an explanation for a positive relationship between
technological uncertainty and R&D alliances. Flexible organizations are necessary to respond
quickly to changes in the environment because integrated organizations are too insulated from
their environments (Lawrence and Lorsch 1967, Pfeffer and Salancik 1978). Therefore,
alliances are viewed as a more flexible mechanism to adapt to changes in technology. It may
also be that technological alliances provide a mechanism to share the risk of potentially rapid
obsolescence.
It has to be ncted that our discussion of technological uncertainty is leading to a different
recommendation than our discussion of demand uncertainty, where we argued in favor of
internalization. Williamson (1991), in this respect, proposed that we have to consider
additional problems when analyzing organizational forms in conjunction with the development
of innovations. (Therefore his arguments are applicable to our discussion of technology
alliances as their purpose is the development of innovative market solutions). When
concerned with the development of innovations, two important dimensions have to be added:
timeliness and learning-by-doing. In today's technological environment, innovations are a)
introduced at a faster pace and b) often combined with technological paradigm shifts (Dosi
1982). Shorter product development cycles especially require nonstandard forms of
organization, such as strategic alliances, which allow a fast response to a change in the
technological environment by "short-circuiting the process of skill acquisition" (Hamel 1991).
This short-cut solution also supports downward moves on the learning curve and, therefore,
potentially results in first mover advantages.
In this sense, the transaction costs incurred by strategic alliances (cost of information,
renegotiation, and adaptation) are likely to be more than compensated for by the potential
benefits due to timely market reaction and early mover advantages. Under transaction cost
economizing principles, we would expect, therefore, the occurrence of alliances for
technology development rather than pure market contracting or internalization in
technologically uncertain environments.
Hypothesis 3:

The likelihood of a technology alliance increases
with technological uncertainty.

Behavioral (Internal) Uncertainty
Behavioral uncertainty is endemic to the exchange relationship between partners (Williamson
8

1985). Behavioral uncertainty concerns the difficulty of observing and measuring the
adherence of the transacting parties to the contractual arrangements and the difficulty of
measuring the performance of these parties. In this study we investigate two key sources of
behavioral uncertainty — the ability to measure the innovation's performance and the firm's
prior experience with alliances.
Ability to Measure Innovation Performance. The outcome of technology development may
take some time to materialize and commercial success may take even longer. It may also be
difficult to measure a technology development project on objective criteria, since it may not
necessarily lead to a discrete new process or product. Even in the domain of new products,
Cooper (1983) has documented the multidimensional nature of new product performance and
the difficulties of utilizing a single criterion of success. Similarly, Anderson (1990) has
discussed the difficulties of assessing the performance of joint ventures and the inability to
apply typical financial criteria.
In research assessing the effect of performance measurement in a transaction cost analysis
framework, John and Weitz (1988) have confirmed that difficulties in performance assessment
increase the likelihood of direct rather than indirect channels of distribution. Integration,
whether in channels or R&D development, provides the firm with readier access to
information. However, when performance can be readily assessed, Ouchi (1979) has reasoned
theoretically that the market will be the preferred form of control. In the R&D context, we
expect a parallel finding: that the more difficult it is to measure the innovation's performance,
the less likely a technological alliance. The theoretical reason leading to these results is the
greater likelihood of opportunistic behavior when it is difficult to assess performance. In the
context of R&D development, a partner could easily exhibit such behavior if the performance
of the alliance is difficult to assess.
Hypothesis 4:

The likelihood of a technology alliance decreases with
difficulty in measuring the innovation's performance.

Firm's experience in Alliances. A firm with experience in technological alliances has learned
the intricacies of dealing with partners in that context. Such learning decreases the
uncertainties associated with managing an alliance and, therefore, increases the likelihood of
using an alliance. Gatignon and Anderson (1988) found that, in the context of international
modes of entry, a wholly owned subsidiary is preferred over a partnership as the number of
past entries into foreign markets increases. However, this learning effect should be reinforced
in forming future alliances when the experience with previous alliances has been positive. If
past technology alliances have been unsuccessful, the likelihood of using an alliance might
even decrease, since the firm could infer that an alliance is an inappropriate mode of
technology development. This could, therefore, lead to a negative main effect of experience.
However, one important factor in R&D alliances is the transfer of technological knowledge
that evolves out of such a relationship. Such knowledge transfer needs teaching,
demonstration, and participation on the basis of personal contacts. This causes substantial
costs of transfer. Teece (1977) considered the following costs of transfer: pre-engineering
technology exchanges, engineering costs, R&D personnel consultancy throughout the
process, and training and debugging costs. He found them to vary enormously across
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industries and to decline with subsequent transfers and experience. The experience argument
is therefore consistent with our discussion as it reduces transaction costs. We therefore
propose the following:
Hypothesis 5:

(a) The likelihood of a technology alliance increases with the
firm 's level of experience with alliances.
(b) The likelihood of a technology alliance is further
increased when these past alliances have been successful.

Control Variable: Size
It is possible that the ability to develop innovation internally depends on an adequate level of
resources, which we assess based on the size of the division within the firm as a surrogate
variable. However, the evidence on the relationship between size and innovation is mixed.
Schumpeter (1950), in his classic treatise on innovation, argued that size and monopoly
power were positively related to invention. This posited relationship has been disputed
(Kamien'and Schwartz 1975, Geroski 1994), and little consistent evidence has been found
that larger firms engage in proportionately greater R&D. Nevertheless, as the required
resource commitment necessary for internally-funded R&D increases, so must the size of the
firm. The alternative is alliances. Moenart et al. (1990), for example, in a multiple case study
approach, found that small firms with limited resources turned to alliances to achieve
innovation, whereas large firms preferred to innovate themselves. Hagedoorn and
Schakenraad (1994), by contrast, found a tendency toward greater strategic technology
partnering as the size of firms rises. Burgers, Hill and Kim (1993) posited but rejected the
hypothesis that horizontal alliances were most likely at an intermediate level of firm size.
Of course, we recognize that even larger firms with available funding for internal R&D could
turn to external alliances, and may have greater bargaining power to do so. Indeed, the role of
technological alliances goes beyond resource sharing to a broader set of potential benefits —
such as gaining faster access to technology, accessing complementary technological expertise,
achieving improved market access, or increasing the firm's openness to new technological
solutions (Powell 1987; Hagedoorn 1993). Thus, we do not posit size as a hypothesis but
instead will examine size as a control variable which could inhibit the firm's ability to choose
between alliances and internal development.
Innovation Success and Mode of Development
Until this point we have focused on variables likely to explain whether the firm pursues
internal R&D or an external technology alliance. However, equally interesting is the relative
success of these alternatives. If the model which we have discussed above is correct, firms
which adhere to these prescriptions should be rewarded with superior market performance.
The logic for this hypothesis is similar to Anderson (1988) who tested the proposition that
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efficiency declines as firms depart from the industry norm. The rationale for this "Darwinian
economics" perspective is that "competitive markets operate to force at least an
approximation of optimal behavior because 'wrong' decisions are extinguished by the market
mechanism" (Anderson 1988, p.599). Her research confirmed the finding between efficiency
and conformity, but only in environments characterized by uncertainty.
Our basic proposition, therefore, is that the market success of an innovation depends on
whether it was developed using the "correct" mode, i.e., internally or via an alliance. The
principal tenet is that firms which followed the "appropriate practice" for the technology
development decision, as specified by the model, will be more successful than those which did
not conform. In matrix form, as below, cells 1 and 4 should exhibit superior market success to
cells 2 and 3.

Development Mode As Specified by Model

Internal R&D

Technology Alliance

Internal R& D
Actual Development
Mode Utilized

Technology Alliance

Hypothesis 6:

The success of an innovation depends on pursuing the
appropriate mode of technology development (internal vs. alliance)

Empirical Analysis

Data
The data to test our hypotheses come from a mail survey of R&D directors across a broad
spectrum of U.S. industries, including factory automation, biotechnology, chemicals,
computers, materials, medical equipment, pharmaceuticals, telecommunications and
transportation. A sample of 1,320 R&D directors was randomly selected from a list of 5,000
names with the title of R&D Director in companies of at least 100 employees. The list was
purchased from a major list provider.
The selection of R&D directors as key informants seemed justified, since we are studying an
innovation development effort. Nevertheless, we also measured their involvement in the
development of the innovation (high, moderate, some, or none), in order to assess their
11

competency, especially since we are using a single key informant (Kumar, Stern and Anderson
1993). Among respondents 81% indicated high involvement and 19% moderate. Since
subsequent analysis indicated a lack of differences in results, we used the combined high and
moderate respondent base for analysis.
In total, 264 surveys were returned, which corresponds to a 20% response rate. The survey
was preceded by an advance letter but no other follow-up. The 20% response rate, although
not high, is not atypical of managerial surveys unless significant incentives are offered or
unless follow-up is conducted, particularly by telephone, which is more typically done in
single industry studies where the population is more limited. Analysis of respondents vs. nonrespondents and early vs. late respondents on firm characteristics (e.g., percentage of
revenues to R&D, number of technology development projects, number of alliances) and
industry type (percentage of firms in each industry represented in the sample) failed to note
statistically significant differences.
The questionnaire was focused explicitly on the last "substantial" innovation within the R&D
Director's Division for which the level of market acceptance was known. Instructions defined
a substantial innovation as "one that was not simply an enhancement or a line extension of an
existing product but which advanced the technology in the product category." Thus, we are
not focusing on minor technologies and are deliberately limiting the scope of innovation under
consideration. R&D Directors were asked to designate whether this innovation was
developed internally or using an alliance for development, i.e., a partnership of one or more
other firms explicitly formed for this project. Respondents completed one of two
questionnaires depending on the development mode utilized. The questionnaire measures
were identical except for wording changes reflecting the context.
The sampling breakdown for the use of internal development or alliances was as follows:
191 firms developed their last substantial innovation internally
53 firms used an alliance to develop their last substantial innovation
20 firms had not developed a substantial innovation within the past five years
264 firms in database for analysis
Thus, our data suggest a preponderance of internal development versus alliances (72.3%)
although certainly a reasonable proportion of alliances for analysis. We might also wonder
whether R&D directors are in any way biased to select an internal development project for
response, although the questionnaire instructions asked for the "last" substantial innovation
developed, whether developed internally or utilizing an alliance. We can assess this possibility
based on respondent estimates of the number of technology development projects conducted
within the past five years and the percentages which were internal vs. alliances. Responses
indicated that 77.2% of these projects were developed internally and 22.8% via alliances.
Therefore, the development mode for the last substantial innovation seems to parallel rather
closely the more generalized experience regarding development mode over the past five years.
We excluded the possibility of licenses, since their incidence in our pilot study was very low
and was limited to components of the technology being developed. A focus on substantial
12

innovations seems to preclude the relevance of licenses. We also did not consider the
possibility that the technology could have been procured by acquiring another firm, nor did
this possibility occur in our pilot research. Capon et al. (1992) have documented acquisition
as an innovation mode and in a cluster analysis assigned about 9% of their sample of large
U.S. manufacturers to this cluster.
Among the firms using an alliance, the most likely partner in the value chain was a supplier:
53% of all alliances were with a supplier, 34% with a customer, and 19% with a competitor
(with some double counting due to more than one partner). The preponderance of alliances
involved only one partner: 79% one partner, 14% two partners, and 7% three or more
partners.

Measures
The constructs for testing were operationalized using multiple item scales. These scales are
shown in Table 1, which also indicates the actual questionnaire items and the reliability
coefficients. Items were measured using six point Likert scales anchored by "strongly
disagree" and "strongly agree". The scales were submitted to factor analysis positing a single
factor. This was confirmed for each measure, except demand uncertainty, since only a single
factor had an eigen value greater than 1.0 in each case.
Product Category specific Assets. The firm's capabilities and commitments in the product
category comprise a five-item scale with a coefficient alpha of 0.79. The scale assesses
commitments in finance, plant, equipment, and marketing and the extent to which the
technology represents a core capability involving a high degree of collective learning at the
product category level.
External uncertainty. As conceptualized, external uncertainty included both demand
uncertainty and technological uncertainty. As measured, demand uncertainty comprises two
scales (volatility and market growth rate) and technological uncertainty a single scale.
The first measure of demand uncertainty is volatility, or the difficulty of predicting demand.
The second (more indirect) measure is the growth rate of the market under the logic that high
growth markets are often considered to be uncertain due to the difficulty of predicting future
sales based on few data points and the difficulty of projecting future competitive entries and
likely competitive response. Capon et al. (1992) have used market growth rate as a measure
of "environmental pressure". These two dimensions of demand uncertainty appear as two
factors when the items are factor analyzed. The two scales have alpha reliability coefficients
of 0.64 and 0.83 respectively for volatility and market growth rate. Technological uncertainty
is measured by six items relating to changes in technology in the product category. The scale
has a coefficient alpha of 0.84.
Behavioral uncertainty. As conceptionalized and measured, behavioral (or internal)
uncertainty concerns both the ability to measure innovation performance and the firm's
experience with alliances. The ability to measure innovation performance is a three-item
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measure concerning the specificity with which the performance of the innovation was
established and monitored. The measure has a coefficient alpha of 0.68.
Firm's experience with alliances. The experience of the firm with alliances is determined by
the number of alliances already established by the firm. Thefirm 's past alliance success is
measured by a six item scale evaluating past R&D alliances on different criteria, such as
meeting objectives and market penetration levels achieved. The coefficient alpha is 0.93.
Size. This measure, which we use as a control variable, is reasonably straightforward.
Respondents provided the sales level of their division for the last fiscal year.
Innovation success. Finally, the success of the innovation - whether developed internally or by
an alliance - was measured by an eight item scale. Items related to profitability, success
relative to expectations, and success relative to competitors' development efforts. The
resulting scale shows high reliability (coefficient alpha = 0.90).
Most of the literature on new product success uses perceptual measures of performance.
Although, theoretically, objective measures might not be subject to biases, in practice, even
when firms are willing to provide financial data, these are in most cases of limited value due
to the inappropriate level of aggregation (Saunders, Brown, and Laverick 1992). Also, a
meaningful comparison of such measures across different industries - as desired in our cross
sectional study - it inherently difficult (Olson, Walker and Ruekert 1995). Moreover, in spite
of this potential theoretical bias, several studies have shown that there is considerable
consistency between self-reported measures of performance and those that are used for
internal company assessment (Venkatraman and Ramanujam 1986).
Analysis
Development Mode. The hypotheses concerning the likelihood of forming an alliance are
tested by developing a quantal choice logit model for whether an alliance was formed or not.
The predictor variables are the measures detailed above.

where
P, = probability that an alliance is used,
[3 = vector of coefficients of the marginal utilities of each of the independent variables,
Xi = vector of predictor variables of size 9, including
Xoi = Constant term representing an intrinsic preference for an alliance,
Xli = Product category specific assets,
X2i = Demand uncertainty : Volatility,
X3, = Demand uncertainty : Market growth rate,
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X4;= Technological uncertainty,
X5;= Firm's experience in alliances,
X.6; = Firm's past alliance success,
X7i Ability to measure innovation performance,
Xsi = Division size.
Innovation Success. If our normative theory about when a firm should use an alliance is

valid, the success of the innovation should depend on whether the innovation was developed
using the "correct" mode (internally or via an alliance). The logit model for likelihood of an
alliance formation provides an estimated probability of choosing each alternative (internal
development versus an alliance). From this probability the preferred alternative can be
derived, as done for determining the classification tables. If the probability of using an alliance
is greater than 0.5, this choice corresponds to the normative mode according to the model.
However, some observations depart from these norms. A correct choice is made when the
actual choice corresponds to the model. We can therefore analyze the matrix of "appropriate"
and "inappropriate" modes of innovation development and the success rate for each cell (as
reported by the respondents) in order to assess the value of our model.

Results
Mode of Development Model

The parameters of the logit model described in Equation (1) were estimated using the full
sample. The estimated parameters of the logit model are shown in Table 2. In order to assess
the goodness of fit of the model, the full sample results cannot be used because of the
unbalanced cells (155 cases of internal development with complete data versus 45 cases of
alliances). Instead, the internal development sample was randomly divided into three sets,
each approximately equal in number to the sample of alliances (54% internal development
versus 46% alliances). The model was then estimated three times (each with the full sample of
alliances and a third of the sample of internal developments).
The coefficients were similar across subsamples, with the same signs and, in general, the same
significance levels. Only a few coefficients became insignificant because of the smaller sample
size. The percentage of correct classification varied between 0.75 and 0.77, which shows a
significant improvement over the 54% maximum chance criterion. The tau statistic (Klecka
1980) of 54.4 indicates that, averaging across replications, the 76.5% percentage of correct
classification represents 54.4 percent fewer classification errors than would be expected by
chance.
The results in Table 2 provide tests of our hypotheses for the selection of a technology
development mode. Support is provided for most of the hypotheses that we specified.
Product category specific assets. The firm's investment in transaction specific assets at the

product category level is a significant predictor of whether to use an alliance or to develop the
technology internally 63 = -0.625, t = -2.13, p  .01). The greater the current investment by
the firm in product category learning and assets, the lower the likelihood that the innovation
was developed by an alliance rather than internally.
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External uncertainty. Our first measure of demand uncertainty is volatility — the difficulty of
predicting demand. This measure was not significantly related to mode of development,
although in the right direction. Our second measure of demand uncertainty is market growth
rate. We find that firms in high growth markets are more likely to develop new technologies
internally ((3 = -.846, t = 2.72, p s .01). This is consistent with our hypothesis. Our third
measure of external uncertainty is technological uncertainty. As hypothesized, technological
uncertainty is associated with an increased incidence of forming alliances for technology
development ((3 = 0.782, t = 2.14, p s .01). Thus, two of our three measures of external
uncertainty are consistent with the hypotheses. We tentatively conclude that the usage of
alliances for technological development seems to be negatively related to demand uncertainty
but is positively related to technological uncertainty.
Behavioral (internal) uncertainty. As hypothesized we find that as the ability to measure an
innovation's performance increases, the likelihood of having formed an alliance to develop an
innovation increases as well, although the parameter is marginally significant ((3 = 0.40, t =
1.65, p s .05). The other aspect of behavioral uncertainty examined was experience with
successful alliances. As hypothesized by the interaction, positive experience with prior
alliances increases the likelihood of utilizing an alliance for technology development in the
present case ((3 = 0.37, t = 4.41, p s .01). However contrary to our expectations, experience
with alliances is not sufficient to encourage future alliances but rather the experience must be
successful ((3 = -.157, t = -3.22, p s .01). Thus, the organization which has experienced
unsuccessful alliances seems to conclude that alliances are inappropriate for its stream of
technological development.
Division size. Finally, we considered the size of the division within the firm as a control
variable. No relationship was found. It may well be that the relationship between size and
development mode is more complex than the main effect examined. In particular, it may be
necessary to take into account the complementarity of skills and resources between partners
and the relative size of each partner (Sinha and Cusumano 1991) in order to gain greater
insight regarding size of firm and preferred development mode.
In summary, our model for estimating the likelihood of forming an alliance for technological
development has significant explanatory value. The conceptualization which we proposed
seems to be a useful framework for distinguishing between the likelihood of forming an
alliance for technological development versus the likelihood of internal R&D.
Innovation Success

Our basic hypothesis is that the success of an innovation depends on utilizing the "correct"
mode of development, corresponding to the normative implications of the model which we
have specified. The results are provided in matrix form in Table 3, indicating the means of the
success variable scale for each of the quadrants. The results indicate a significant interaction
between the actual and the recommended mode at the .01 level (F=6.2).
The analysis indicates a rather compelling logic. Regarding the selection of an internal R&D
development mode, the success level is not significantly different whether the firm follows the
model recommendations or not. Firms which follow the "appropriate" mode achieved a
success score of 0.020, whereas firms which pursued the "incorrect" mode achieved a success
score of 0.18.
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However, when we consider alliances, failing to follow the model's recommendations leads
to quite negative consequences. Although firms following the "appropriate" mode as specified
by the model achieved a success score of .343, firms following an "inappropriate" mode were
punished with a -.394 score. This conditional mean difference is significant at the .004 level
(F=9.42). It is also notable that the highest level of market success was achieved by those
firms using alliances when considered appropriate to do so.
The use of an internal R&D development mode when the model suggests an alliance (cell 2)
is less successful that using an alliance when the model suggests an alliance (cell 4), (.018 vs
.343). However, the result is not significant (F= 3.47, .07 level). It would appear, therefore,
that R&D Directors have to be considerably more careful in the use of alliances, perhaps
because of the high levels of alliance failures often reported in the literature. The major
implication would seem to be that, if in doubt, do not pursue an alliance. There would appear
to be considerably greater downside risk than in pursuing internal development. This is
consistent with Williamson's (1991) assessment that "the hybrid mode is arguably the most
susceptible" (p.291) and that the goverance costs of hybrid structure are higher than the costs
for a hierarchical structure when asset specificity is high.

Conclusion

Summary
Alliances have became a much more prevalent mode of innovation development in the past
decade, especially for high technology products. In the present research we found that 27.7%
of the respondent firms utilized alliances for the development of their most recent
"substantial" innovation - by which was meant an innovation that advanced the existing
technology in the product category, as contrasted to an enhancement or line extension of an
existing product. The remaining 72.3% of respondents firms utilized a process of internal
R&D to develop their last substantial innovation.
Our research was driven by an interest in understanding when a firm should use an alliance.
Review of the literature revealed mainly, single industry studies and little in the way of broadbased empirical research across industries specifying conditions favoring the formation of
technological alliances. One exception is the study by Hagedoorn and Schakenraad (1994),
although using a secondary database. In the present case we developed a model based on the
transaction cost analysis literature as our conceptual base and conducted survey research with
R&D directors across a range of U.S. industries to test a set of propositions.
The conceptualization proposed receives strong support from the data. The framework
provides good discrimination in separating firms that recently engaged in internal R&D to
develop a substantial technological innovation versus the use of alliances. Firms which
pursued external alliances were found to have less commitment to product category specific
assets, to compete in product categories characterized by higher growth rates, to face higher
technological uncertainty, to be more capable at measuring innovation performance, and to
have more experience with successful technology alliances (Absolute number of previous
alliances actually was negatively related to the use of an alliance for the last project). A lack
of a significant relationship was found between volatility of demand and alliances. Size (used
as a control variable) bears no relationship to the use of technology alliances.
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Of particular interest was the thesis that success would be enhanced by using the "correct"
development mode based on the normative implications of our model. A test of this
hypothesis revealed an interesting conclusion. Although success rate was equivalent regarding
internal developments -- whether the firm followed the model's recommendations or not —
success rate varied drastically for alliances. The firms that used alliances for technological
development when "appropriate" actually acheived the highest reported success levels but
firms which used alliances when "inappropriate" had highly negative results in terms of
market success level.
Limitations

Among the limitations of this study is the response rate (20%) and the potential recall
difficulties which characterize survey research. The respondents selected (R&D Directors)
were, we believe, appropriate key informants and indicated high (81%) or moderate (19%)
involvement in the development decision but the accuracy of recall is always an issue. We
could question the R&D Director's ability to reconstruct the decision at the time that the
selection of an internal development or external alliance was made. Perhaps subsequent
experience in some way biased recollection of the decision variables which we test.
It might also b'e possible that R&D Directors are predisposed to believe that the "last
substantial innovation" developed in the product category was based on internal development.
We may, therefore, underrepresent the level of alliances. This bias may exist since we would
expect R&D Directors to have greater experience with internal development and to have a
potentially vested interest to maintain a large internal R&D function. Nevertheless, the
percentage of internal development for the last project closely approximates the percentage
reported by respondents for all R&D projects over the past five years.
It is conceivable that R&D Directors might also evaluate internal projects more positively
than R&D alliances. We acknowledge the existence of such a potential bias in self reported
performance measures and we lack the archival data at the division level of the firm to verify
these self reports. But we would also point to several studies which have shown that there is
considerable consistency between self-reported measures of performance and those that are
either used for internal company assessment (Dess and Robinson 1984) or published by
companies (Venkatraman and Ramanujam 1986). Nevertheless, future research could
contribute by independently validating respondent self reports, perhaps based on multiple
informants.
An additional limitation is that some of our measures have a moderate reliability. Although
they are close to the typical coefficient alpha value of 0.70 recommended for preliminary
research, our measures of demand uncertainty and ability to measure innovation performance
are weaker than the measures of the other factors.
Managerial Implications

These results provide a systematic test of the conditions which favor the formation of
alliances for the purpose of developing innovations. The conceptual framework proposed is
found to be of value in explaining mode of innovation development and providing normative
implications for predicting innovation success. The value to managers is that this model might
help in the decision process regarding whether to form alliances or to engage in internal R&D
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technology development. Our findings could help guide this management decision process
based on the variables identified.
In particular, the conditions favoring alliances are if the firm presently has low product
category capability, faces low demand uncertainty but high technological uncertainty, is
capable of measuring innovation performance, and has successful alliance experience. This
would be the normative industry experience suggesting technology alliances. However, these
results would depend on the supply of potential alliance partners likely to achieve the fine's
innovation development objectives in a particular technological domain. The results also
suggest that considerable caution be exercised in the formation of R&D alliances if the factors
favoring alliances are not strong. Highly negative results were reported by firms which used
alliances inappropriately. They reported by far the lowest level of market success.
Future Research

We have treated alliances as a unidimensional phenomenon, partly due to sample size
limitations for analysis. Further research could beneficially conduct separate analyses by type
of alliance and patterns of alliance terms and conditions (Brockhoff 1992). It might be
particularly useful to separate horizontal alliances (between competitors) vs. vertical alliances
of firms operating at adjacent stages of the value chain (Harrigan 1988). Research might also
explore licensing and technology acquisition - as alternative modes of technology
development. Future research could also explore the firm's technology policy (Zahra and
Covin 1993) and the motivations for alliance formation (for example, gaining faster market
access versus sharing financial risk) in order to test enriched conceptualizations of the internal
vs external R&D decision process.
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TABLE 1
Measures and Reliability Alpha Coefficients
•

Product Category Specific Assets (a = 0.79)
- My firm has a high degree of collective learning in this product category
My firm has significant plant and equipment dedicated to this product category
My firm has a major financial investment in this product category
My firm's technology in this product represents a core competence for us
My firm has a major marketing commitment to this product category

•

External Uncertainty
• Demand Uncertainty : Volatility(a 0.64)
- Demand is difficult to forecast
- Markets arc uncertain
•

Demand Uncertainty : Market Growth Rate (a = 0.83)
Customer demand is growing rapidly
Demand in this product category has stabilized (reversed)
Product category growth is negligible (reversed)
It is a high growth market

•

Technological Uncertainty (a = 0.84)
- The technology is stable (reversed)
Life cycles are short
The technology is moving very fast
Technology is on a constant plateau (reversed)
Technological pressure is intense
The technology moves rapidly from generation to generation

•

Behavioral (Internal) Uncertainty
• Ability to Measure Innovation Performance (a = 0.68)
- The goals for the innovation were clearly defined in advance
- We knew, based on tracking reports, exactly how well the innovation was doing
- We specified precise measures for evaluating the success of the innovation in advance

•

Firm's Experience with Alliances
- The number of alliances used by the division for technology development projects in the past five
years

•

Past Alliance Success (a = 0.93)
Overall, our program of using alliances for new product development has been a success
Most of our alliances for innovation development have met our objectives
Company sales and profits have benefited from using alliances for new product development
Our track record on alliances is poor (reversed)
Our alliance development efforts have been more successful than competitors
Innovations developed by alliances have achieved good market penetration

•

Size (Control variable)
- Division's level of sales for the last fiscal year

•

Innovation Success (a = 0.90)
It has been highly profitable for us
It has been an unqualified success
It has failed to meet our expectations (reversed)
It has been a success relative to similar development efforts by our competitors
Our decision to pursue this innovation was a wise one
We're happy with the innovation
If we could do it over again, we probably would not have pursued this innovation (reversed)
All factors considered, we arc very satisfied with the innovation
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TABLE 2
Binomial Logit Maximum Ukelhood Estimation of Alliance Formation

PARAMETER T STATISTIC

VARIABLE
Constant

-1.882*

-5.51

Product Category Specific Assets

-0.625'

-2.13

-0.224

-0.79

External Uncertainty
•Demand Uncertainty : Volatility

• Demand Uncertainty : Market Growth Rate -0.846""*

-2.72

0.782'

2.14

0.400*

1.65

•Technological Uncertainty
Behavioral (Internal) Uncertainty
•Ability to Measure Innovation
Performance
•Firm's Experience with Alliances

-0.157'

-3.22

•Experience x Success of Past Alliances

0.370'

4.41

Control Variable
-0.001

•Size of Division within Firm

N = 200
* Significant at a < 0.05
** Significant at a < 0.01
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-0.47

TABLE 3

INNOVATION SUCCESS AND MODE OF DEVELOPMENT

Development Mode As Specified by Model
Internal R&D

Actual
Development
Mode Utilized

Internal
R&D'

Technology
Alliance°

Technology Alliance

1
Appropriate Mode
.020
N = 127

2

3
Inappropriate Mode
-.394
N = 14

4

Inappropriate Mode
.018
N = 28

Appropriate Mode
.343
N = 31

(a)Conditional mean difference for internal R&D as mode utilized is insignificant (cells 1 and 2,
F= 0.00).
(b) Conditional mean difference for technology alliance as mode utilized is significantly different
between cells 3 and 4 (F = 9.42, .004 level)
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