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Or Is It? A Review of the Empirical Literature on
Complementarities in Organizations
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The concept of complementarity denotes the beneficial interplay of the elements of a system where
the presence of one element increases the value of others. However; the conceptual work on comple-
mentarities to date has not progressed sufficiently to constitute a theory that would offer specific
predictions regarding the nature of the elements that form complementary relationships or the condi-
tions for their emergence. To advance our understanding of complementarities, the authors provide
a synoptic review of the empirical studies on this concept in leading journals in management, eco-
nomics, and related disciplines over the period 1988-2008. The authors find that whether a study
provides evidence of complementarities in organizations is at least partially driven by its investiga-
tive approach. On the basis of the findings, the authors argue that complementarities are most likely
to materialize among multiple, heterogeneous factors in complex systems. Therefore, the absence of
complementary relationships between a limited set of individual factors may not negate the possibil-
ity of complementarities, but rather point to the need for including further systems-specific factors in
the analysis. The authors conclude by providing directions for future theoretical and empirical
research and outlining managerial implications of the work.
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In recent years, the concept of complementarity and its role in the design of organizations
has gained increasing attention (Porter & Siggelkow, 2008). In its most general form, com-
plementarity exists when two activities reinforce each other in such a way that doing more
of one thing increases the value of doing more of the other (Matsuyama, 1995). However,
complementarities may also entail undesirable effects. For example, complementarities
among the elements of tightly coupled systems may raise barriers to organizational change,
as change in one element of the system would both require and effect change in many or all
other elements of that system (Milgrom & Roberts, 1995b).

In this article, we provide a systematic review of the empirical literature in manage-
ment and related disciplines on complementarities in organizations over the two decades
after the contributions by Miller (1986), Teece (1986), and Milgrom and Roberts
(e.g., Milgrom & Roberts, 1990a, 1990b) provided an impetus for many researchers to
adopt the complementarity perspective in their work. Our work is motivated by the fact
that this perspective is intriguing, yet it lacks the specificity about key constructs and
causal relationships among them, which is a necessary condition for an approach to be
considered a theory (Whetten, 1989). It offers little prediction regarding the conditions
under which complementarities are likely to emerge or on the nature of the elements or
factors (e.g., organizational characteristics) among which complementarities exist. By
studying the empirical evidence, we aim to make inferences regarding the phenomenon of
complementarity itself, and thereby lay the basis for future theoretical development.

Our review suggests that complementary relationships among heterogeneous factors in
organizations may be powerful performance drivers. However, research that focuses on inter-
actions between individual factors in isolation does not always detect these performance
effects, as it disregards the role of contextual factors that may be constitutive for complemen-
tary relationships to materialize. We conclude that complementarities are systems-specific
phenomena that result from the embeddedness of individual characteristics in the organiza-
tional nexus of relationships among multiple elements. However, this embeddedness poses
significant challenges, both in terms of how to manage complementarities purposefully and
in terms of how to account for it in empirical research. We sketch out avenues for further
work in this area.

The Concept of Complementarity

The term complementarity is derived from the Latin word complere, “to fill up.” The
notion of complementarity is used in many disciplines—it is most widely associated with
the wave-particle duality in quantum physics (Englert, Scully, & Walther, 1991)—with vary-
ing meanings. Complementarity was introduced into economics by Edgeworth (1881). In
economic terminology, complementarities exist when the mixed-partial derivatives of a pay-
off function are positive: Marginal returns from one variable increase in the level of the other
variables (Milgrom & Roberts, 1994). The total economic value added by combining two or
more complementary factors in a production system therefore exceeds the value that would be
generated by applying these production factors in isolation.
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In economics, the notion of complementarity has received tractability through the work of
Stanford economists Paul Milgrom, John Roberts, and their coauthors. Drawing on the work
of Topkis (1978, 1987), they use the mathematical study of supermodularity on lattices as an
approach for formally modeling complementarities (e.g., Athey, Milgrom, & Roberts, 1998;
Milgrom, Qian, & Roberts, 1991; Milgrom & Roberts, 1994). Supermodularity is the mathe-
matical equivalent to the statement that “the gain from increasing every component . . . is more
than the sum of gains from the separate individual increases” (Milgrom & Roberts, 1994: 5).
Supermodularity can also be used to model situations in which changes in any one element
may raise performance significantly only when combined with changes in many or all other
elements (Milgrom & Roberts, 1994). This approach to modeling complementarities breaks
with the assumptions of traditional economics in several important ways. First, classical eco-
nomic models recognize only two fundamental production factors (capital and labor), thus
emphasizing relative resource homogeneity (Ng, 2003). In contrast, the concept of comple-
mentarities relates to the idea that value creation results from combining many different
resources, as already noted by Lachmann (1947). Second, traditional microeconomics assumes
design choices to be infinitely divisible, the relationship between design choices (i.e., the
objective function) to be concave, and the constraints set to be convex (Roberts, 2004). Under
these assumptions, performance-optimal configurations can be identified through local exper-
imentation: Decision makers adjust their systems in incremental steps and measure the
resulting performance change until they have reached a point at which adjustments do not
result in further performance improvements. In contrast, modeling complementarities in terms
of supermodular functions on lattices can handle situations where combinations of design
choices constitute a local, but not a global maximum, which may occur, for example, when the
payoff function is discontinuous. If displayed on a performance landscape (Kauffman, 1993),
different combinations of design choices can constitute multiple local “peaks,” without any
need for a single “best” solution that trumps all others. Moreover, it highlights the fact that
design choices, if they can even be adapted at will, often represent discrete rather than continu-
ous variables that could be adjusted in increments. These insights have received further
substantiation by authors applying the NK-model for simulating organizational designs (e.g.,
Levinthal, 1997; Levinthal & Warglien, 1999; Rivkin & Siggelkow, 2003).

In the field of strategy and organization, the notion of complementarity plays a role in
several strands of literature. The term appears occasionally in publications throughout the
1960s and 1970s (e.g., Rothwell, 1975). It began to feature more prominently during the
1980s in the literature on organizational configurations (Miller, 1986; Miller & Friesen,
1984). In this approach, the term complementarity is used largely synonymously with fif and
congruence. The central idea of this approach is that fit between contextual factors, strategy,
and organizational structure would give firms a selection advantage over other organizations
lacking such fit. Apart from survival, Miller (1986) and his coauthors (Miller & Friesen,
1984) did not make inferences about any performance effects of organizational fit.

A further approach that provided an impetus for later empirical research consists of
Teece’s (1986) discussion of the role of “complementary assets” in innovation. Drawing on
transaction cost economic theory, Teece argued that the commercialization of an innovation
may require additional complementary assets, in particular downstream capabilities such as
marketing know-how, which are critical to a successful market introduction (Hill &
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Rothaermel, 2003). If these assets are specific to the innovation concerned, the innovating
firm may either have to maintain them in-house or otherwise accept that outside providers
might extract a sizeable portion of the rents accruing from the innovation, due to their strong-
hold over the innovating firm.

Teece’s (1986) idea that cospecialization among complementary resources within
organizations may have beneficial effects also plays a role in the work of several authors
(e.g., Powell & Dent-Micallef, 1997; Somaya, Williamson, & Zhang, 2007) who draw on
the resource-based view (RBV) of the firm. The RBV also emphasizes the importance of
resource heterogeneity, namely, the idea that firms derive competitive advantage from
their ability to combine many different resources in unique ways (Adegbesan, 2009).
However, while the approaches sketched previously are consistent with the idea that
particular elements (resources, assets) may exert their (full) value only in the presence of
other factors, they provide little clarity on the characteristics of the elements that may
complement one another in general, namely, outside the particular context that they
discuss.

Overall, the complementarity perspective does not constitute a theory, but a meso-
level approach that helps researchers to understand relational phenomena as influencing
and being influenced by forces on both the lower and the higher levels of analysis
(Bies, Bartunek, Fort, & Zald, 2007; Hitt, Beamish, Jackson, & Mathieu, 2007). The
notion of supermodularity enables economists to model, in a mathematically rigorous
manner, the relationships among multiple organizational elements of complex systems
as something more than the sum of these elements. Beneficial effects of such relation-
ships are often coined fit, which has a rich intellectual tradition in macro-organizational
theory (Drazin & Van de Ven, 1985). At the same time, the complementarity perspec-
tive does not provide predictions about the relationships among specific elements, as
micro-level theories (e.g., in organizational behavior) typically do. Researchers may
interpret interactions among individual factors as complementarities, but only ex post,
as the complementarity perspective provides little guidance ex ante with respect to the
nature of organizational design elements among which complementary relationships
exist or the conditions under which they emerge. Moreover, if researchers do not find
empirical evidence of individual interaction effects where they had expected them on
the basis of the micro-level theories used, such a finding does not necessarily negate
the possibility that complementarities may exist within the entire organizational system
of which the two factors investigated are part. If they follow the alternative investiga-
tive approach—namely, to analyze the performance effects of entire systems containing
multiple elements—they are faced with a similar problem: The complementarity per-
spective does not allow them to develop predictions ex ante about the exact
configurations of the systems in whose performance effects they are interested. More-
over, the complementarity perspective does not specify the boundary conditions for
the emergence of complementary effects. An important purpose of our review of the
empirical literature is, therefore, to inductively generate insights on the nature of
the organizational design elements that have been found to complement each other
and the conditions under which such complementarities emerge.
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Data and Method
Data Collection

Our review covers empirical papers published in six management-related disciplines,
namely, strategy, organization and general management, economics, marketing, accounting
and finance, information systems, and research and development (R&D) and innovation
between 1988 and 2008. We focused on the top 80 academic journals by impact factor in the
Social Sciences Citation Index (SSCI) 2007 ranking in these six subject areas. To balance
comprehensiveness and manageability, we only took into account those studies explicitly
using the notion of complementarity, searching the electronic library EBSCO for all papers
in these journals that contain the word stem complement. This process yielded a total of 514
papers in management journals (36.8%), 599 papers in economics journals (42.8%), 70
papers in marketing journals (5.0%), 74 papers in R&D and innovation-related journals
(5.3%), 81 papers in information systems journals (5.8%), and 60 papers in finance and
accounting journals (4.3%), namely, 1,398 papers in all. These results indicate that the
topic of complementarities has received most attention in management and economics and
less in the other four areas. The journal with the largest number of publications containing
the word stem complement is Management Science (85 papers), followed by the Strategic
Management Journal with 82 publications. An analysis of the number of publications men-
tioning the notion of complementarities over time per discipline area suggests that interest
in complementarity has grown, with a temporary peak in economics in the late 1990s,
whereas, with 64 publications, interest in management reached a preliminary peak in 2008.
Despite this increase as compared to previous years, it is clear that the notion of comple-
mentarity has not generated the “mass appeal” of some of the major theories in this area.

The fact that the five journals at the bottom of our list contained no further studies on
complementarity suggests that our search has been fairly comprehensive. Nevertheless, we
took two further steps to ensure our review would be as exhaustive as possible. First, we
checked the reference lists of the papers that we decided to analyze more closely (see the
following), which helped us to identify a further 9 papers that deal with complementarities,
some implicitly without using the term in the abstract. Second, to avert the possibility of
publication bias, we contacted the members of an established global network of academics
in the field of organization theory via e-mail. We asked whether the recipients were aware
of any studies on complementarities that have not been published (e.g., works in progress,
unpublished doctoral theses, or papers that had not made it into academic journals) or that
were published in outlets other than mainstream journals. The respondents drew our atten-
tion to 6 publications, which we also added to our list, leading to a total of 1,413.

As we had chosen a wide search parameter, it was clear that only a relatively small propor-
tion of these papers consisted of empirical studies on complementarities per se, rather than to
merely use the word stem complement without devoting much attention to this notion. There-
fore, we analyzed the abstracts of the 1,413 papers, focusing on three search criteria. First,
we selected only those papers that involved empirical research on complementarity. Our
analysis revealed that about two-thirds of the studies on complementarities are of an exclu-
sively conceptual nature. However, both the absolute and the relative number of empirical
contributions appear to have grown over time.
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Second, due to our focus on management issues, we disregarded a few papers on complemen-
tarities among chemical and biological substances in agricultural and environmental economics.

Third, we selected only those papers that addressed the complementary interplay among
two or more factors (elements) in producing a particular outcome, however defined. This step
led to the exclusion of some studies (e.g., White, 2000) that deal with “complementary
assets” without, however, establishing any performance links. We excluded those publica-
tions that reported bivariate interaction effects without providing a reflection on the nature of
the relationships between the constructs concerned from a complementarity perspective.

A total of 108 papers fulfilled all three criteria; these papers are the focus of our review
that follows. We also draw additional insights from several simulation-based studies on com-
plementarities (e.g, Rivkin, 2000; Siggelkow & Rivkin, 2005), although we did not include
them among our empirical studies.

An analysis of the publication dates of the 108 studies suggests that more than two-thirds
(70%) of these papers have been published in the last third of the 21-year period (1988-2008)
we investigate, namely, between 2002 and 2008. Before 2002, publication activity in this
area was limited to fewer than 5 papers per year. The earliest empirical study on complemen-
tarities in the literature that we review is the one by Miller (1988), who expressly integrated
the notion of complementarities in his discussion of fit between firms’ market strategies, their
organizational structures, and their market environment.

Approach

Many reviews of prior empirical work classify the studies taken into account by whether
they address the antecedents of the phenomenon that they are interested in or its conse-
quences. However, the notion of complementarities implies that it is impossible to identify
“antecedents” that “lead to” complementarities yet are separable from them. Rather, if par-
ticular conditions or factors affect or interact with others in such a way as to produce a joint
outcome that materially differs from the sum of the individual effects of these conditions
treated separately, this relationship denotes the very essence of complementarity between the
conditions (or “elements” or “factors”) concerned. Therefore, we decided to deviate from the
standard review approach described earlier and analyze the empirical studies included in our
review with respect to three major aspects.

First, we identified the unit of analysis of the paper concerned, namely, whether the paper
relates to phenomena on the firm level (e.g., the interplay among organizational characteris-
tics such as structural features, processes, or strategies), the individual level, the industry
level, or any other level, including those studies that concern several units of analysis.

Second, to gain greater clarity regarding the nature of the elements among which comple-
mentarities can be expected to exist, we categorized the 108 studies by the type of elements
investigated, using four different groups with two subgroups each (see Table 1). Our catego-
rization draws on established concepts in the organization and strategy literature.

Resources. Our category knowledge and capabilities refers to human-bound competen-

cies such as experience, knowledge, relationships, and intelligence (Barney, 1991).
Resources such as technical or IT-related knowledge (e.g., Bendoly, Citurs, & Konsynski,
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2007), internal R&D (e.g., Bin, 2008; Cassiman & Veugelers, 2006), and marketing capa-
bilities (e.g., King, Slotegraaf, & Kesner, 2008) fall into this subcategory. Second, fechno-
logical assets are nonhuman resources with physical qualities, such as information
technology (e.g., Aral & Weill, 2007; Bertschek & Kaiser, 2004) or manufacturing technol-
ogy (e.g., Colombo & Mosconi, 1995; Swink & Nair, 2006). A firm’s resource endowments
may include other types of resources such as its financial assets (Grant, 1991); however, the
empirical literature on complementarities reviewed here relates only to elements that fall
into the two subcategories identified earlier.

Organization. The empirical studies on complementarities address two aspects of the
organization of firms, namely, its practices and policies and its structure and processes. The
former category relates to what Simon (1945) called “organizational routines” and describes
factors “that will determine with what skills, values, and knowledge the organization mem-
ber undertakes his work” (Simon, 1945: 46), such as recruitment criteria (Cozzarin &
Percival, 2006; Horgan & Miihlau, 2006) or the promotion practices considered as fair
(Macky & Boxall, 2007). We follow Child (1972: 2) in defining structure and processes as
“the formal allocation of work roles and the administrative mechanisms to control and inte-
grate work activities.” Elements such as workplace organization (e.g., Bertschek & Kaiser,
2004; Black & Lynch, 2001) and degree of decentralization (Whittington, Pettigrew, Peck,
Fenton, & Conyon, 1999) pertain to this subcategory.

Strategy. We apply the well-established distinction between corporate strategy and market/
competitive strategy. Corporate strategy refers to all aspects of a firm’s strategy that involve or
apply to multiple business units or areas of operation, such as its diversification strategy (e.g.,
Tanriverdi, 2005) or cooperations, acquisitions, and alliances (e.g., Tiwana & Keil, 2007).
Market/competitive strategy includes a firm’s market focus (Cozzarin & Percival, 2006) and its
choice of a cost leadership versus a differentiation strategy within a specific market (e.g.,
Chenhall & Langfield-Smith, 1998).

Environment. Only relatively few (9.3%) of the empirical studies on complementarities inves-
tigate relationships between organization-level characteristics and phenomena outside the
organizations concerned. Among those that do, we were able to identify two subgroups: First,
some studies (e.g., Roper, Du, & Love, 2008) take into account /ocation- or geography-specific
environmental factors. Second, a few studies address regulatory or market conditions, such as the
degree of competition in an industry (e.g., Zott & Amit, 2008).

Third, we analyzed the 108 studies (and their findings) with regard to their investigative
approaches, distinguishing between the interaction approach and the systems approach. The
intellectual origins of this distinction go back to the early attempts to develop a general sys-
tems theory during the 1950s (see the contributions in the early editions of General Systems,
the yearbook of the Society for General Systems Research, which was published for the first
time in 1956). For example, Simon (1962) described complex organizational systems as
(nearly) decomposable into subsystems in which a limited number of elements interact more
directly with one another than they do with other elements of the system beyond the boundaries
of the subsystem concerned. The distinction between approaches that investigate interaction
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effects between individual elements and those that focus on the emergence of effects at the
level of the entire system has permeated organizational theory this time. We draw on Drazin
and Van de Ven’s (1985) discussion of alternative forms of fit in contingency theory. Studies
taking the interaction approach are those that analyze interaction effects between a limited
number of clearly identified factors. Interaction-based studies are “reductionist” (Drazin &
Van de Ven, 1985) in the sense that apart from what can be captured by a few control varia-
bles, they pay limited attention to contextual conditions that may influence the relationships
among the variables investigated. At the same time, this focus allows studies taking the inter-
action approach to provide a relatively high degree of granularity and detail. The studies that
take this approach may use, as independent variables, either categorical variables (describing
whether a factor is in place or not) or, more commonly, rank-ordered or continuous measures
of the relative or absolute level of the factor concerned. The main statistical method applied
consists of regression analysis, where the relationships between the elements investigated are
usually modeled as interaction effects. There is only one study is this category that is case
based, namely, Brynjolfsson, Renshaw, and Van Alstyne (1997).

In contrast, studies that take a systems approach look at the relative performance outcomes of
entire sets of multiple elements (Drazin & Van de Ven, 1985). Even in the qualitative studies within
this category, individual elements (e.g., organization’s decision-making structures, policies, and the
like) are usually not described in great detail; rather, the focus is on the working of the entire system
of factors. A distinguishing feature of these studies is their use of staggered analytical methods
(e.g., Horgan & Miihlau, 2006; Ichniowski, Shaw, & Prennushi, 1997). In the first step, they use
qualitative or quantitative (e.g., clustering) approaches to identify and describe systems as sets of
multiple characteristics. This identification is based on whether a particular number, proportion, or
combination of factors is in place. Therefore, if the studies in this category use measures for indi-
vidual elements at all, these variables are typically of a categorical rather than a continuous nature
(see Grandori & Furnari’s, 2008, paper using Boolean comparative analysis). In the second step,
they analyze the relationship between the extent to which organizations conform to the identified
systems and their performance, using a variety of techniques (e.g., likelihood ratio tests, as is the
case in Belderbos, Carree, & Lokshin, 2006). The distinction between the interaction approach and
the systems approach allowed us to classify all of the 108 studies in an unequivocal way, with 47
studies belonging to the former group and 61 studies to the latter.

Results

Unit of Analysis

Our review reveals that well over 90% of the 108 studies use the organization, namely, the
firm, as the primary unit of analysis. With the exception of Carmeli and Tishler’s (2004)
investigation of Israeli local authorities, we did not find any studies on complementarities in
not-for-profit organizations; hence, we use the terms firm and organization interchangeably.
There are some studies that deal with complementarities among different types of knowl-
edge, skills, and capabilities on the individual level (Bonaccorsi & Thoma, 2007; Mithas &
Krishnan, 2008). Only a few studies use the industry as their unit of analysis (e.g., Bin, 2008;
Shane, 2001).
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Of the studies that use the firm as the unit of analysis, the clear majority focus on within-
firm characteristics, for example, on the beneficial interplay among a set of human resources
(HR) practices within an organization (Ichniowski et al., 1997) or on complementarities
between a firm’s technological assets and its capabilities (Ravichandran & Lertwongsatien,
2005). There are some studies that investigate the role of complementarities between firms
(e.g., Arora & Gambardella, 1990; Cassiman & Veugelers, 2006); however, even in these
studies the focal point of interest—as evidenced by their choice of dependent variable—is on
firm performance. The use of the organization as the main unit of analysis differs markedly
from other studies in management, in which units of analysis other than the organization
account for about 50% to 60% of all studies (Kirkman & Law, 2005). Overall, our analysis
suggests that the empirical literature reviewed here conceives the notion of complementari-
ties primarily as an organization-level phenomenon.

We also noticed that almost all of the studies reviewed here take a cross-sectional pers-
pective on complementarities, using static measures of performance (e.g., productivity) or
performance changes over relatively short periods of time (as in the case of Forman, 2005,
and Tanriverdi & Lee, 2008) as their dependent variables. We found only six studies (Benner &
Veloso, 2008; Brynjolfsson & Hitt, 2003; Rothaermel and Hill, 2005; Ruiz-Navarro, 1998;
Siggelkow, 2001; Toole, 2007) that employ a truly longitudinal perspective. Except for the
papers by Brynjolfsson and Hitt (2003) and Siggelkow (2001), the literature reviewed here
provides little evidence on organizational change and transformation or on the coevolution of
firms and their environments.

Types of Elements Investigated

Table 1 provides the results of our classification of the 108 studies included in our data set by
the types of elements among which the studies were searching for complementary relationships.
Table 1 also shows that the empirical research on complementarities has paid most attention
to the relationships among particular resources, namely, to the relationships between the
resources of an organization and its organizational design, strategy, and/or environment. In
total, 71 (65.7%) of the 108 studies reviewed included resources among the factors with
respect to which the authors investigated potential complementary relationships. Within the
resource category, by far the largest group of studies has looked specifically at the role of
knowledge and capabilities (as compared to technological assets) as potential constituents
of complementary relationships. Of these studies, the clear majority find that the careful
matching of knowledge resources or capabilities with other types of such resources or with
other factors, such as a firm’s strategy, generates beneficial outcomes above and beyond the
effects of these factors on their own. For example, Christman (2000) analyzed the relation-
ship between process innovation and implementation capabilities, the use of pollution
prevention technologies, and the timing of environmental strategies among chemical firms,
finding that these resources reinforce the benefits of early strategy adoption and vice versa.

Another group of elements that has received significant attention in the empirical litera-
ture relates to aspects of firms’ organization. In total, 47 (43.5%) of the 108 studies include
at least one organizational element among the factors with respect to which complementary

Downloaded from jom.sagepub.com at Helsinki Univ of Technology on December 15, 2010


http://jom.sagepub.com/

Ennen, Richter / The Whole Is More Than the Sum of Its Parts—Or Is It? 217

relationships are being investigated. Within this category, about equal attention has been paid
to the role of policies and practices as to structures and processes.

In comparison, we found substantially fewer studies (29 in total, representing just 26.9%
of the 108 papers) that include strategic factors among the elements among which comple-
mentary relationships are being investigated. In particular, with just 12 studies (11.1%), any
potential complementarities between firms’ market strategies and other elements have rarely
been analyzed. Aspects of a firm’s corporate strategy were slightly more often included in the
108 empirical papers in our database, as in the case of Rothaermel and Hess’s (2007) study
of complementarities between the biotechnology alliance and acquisition strategies of global
pharmaceutical companies and their resources (human capital, R&D capabilities). We found
only 1 study (Siggelkow, 2001) that investigates complementary relationships between a
firm’s corporate and its market-facing strategies. There are also relatively few papers (7,
representing 6.5% of the total) that analyze complementary relationships between aspects of
a firm’s strategy and its organization’s structures or practices. Against the background of the
long-standing debate about fit between “strategy and structure” (Chandler, 1962), this result
was surprising for us.

Finally, few studies (10 out of 108) address complementary relationships between a firm’s
environment and other factors, such as its resources, organization, or strategy, although Song,
Droge, Hanvanich, and Calantone (2005) showed that environmental conditions (e.g., tech-
nological turbulence) may play an important role as facilitators or constraints in the emergence
of complementarities. We were, again, surprised by this finding, given that contingency-
theoretic approaches have long seen performance as deriving from the optimal alignment
between organizational design variables and environmental conditions (Miller & Friesen,
1984). The methodological difficulties involved in multilevel studies (Hitt et al., 2007) might
account to some extent for the relative scarcity of studies involving environmental factors.

Findings of the Studies Reviewed

To obtain an overview of the findings of the 108 studies in our review, we classified them by
whether they found evidence of a complementary or substitutive relationship, or no relationship,
between the factors investigated (see Tables 2 and 3). We categorized a study as finding comple-
mentary effects between two or more factors when it provided evidence of positive effects above
and beyond the individual effects of these factors on beneficial outcomes such as performance.'
In studies taking a quantitative approach, these effects had to be statistically significant at conven-
tional levels. When a study found that the presence of a factor diminished the effect of another
factor on desirable outcomes, we classified this study as one finding a substitution effect between
the two factors concerned. Finally, we recorded studies that found neither a complementarity nor
a substitution effect between two or more factors.

Our analysis reveals marked differences in the findings between the studies taking the
interaction approach and those adopting the systems approach.

A broad comparison between Tables 2 and 3 suggests that the 47 studies taking the inter-
action approach provide more mixed results with respect to any potential complementary
relationships among the elements investigated than the 61 papers using the systems approach.
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Table 2
Overview of the 47 Studies Applying the Interaction Approach
Resources Organization Strategy Environment
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Note: Numbers contained in the cells denote individual studies (indicated by uppercase numbers in the reference list). Any
study may be contained in more than one cell, depending on the type of element investigated, and the findings of the study.
+ = Study finds complementary effects between elements contained in the respective categories. 0 = Study finds no or no
statistically significant complementary or substitutive effect between elements contained in the respective categories. — =

Study finds substitutive effects between elements contained in the respective categories.
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Table 3
Overview of the 61 Studies Applying the Systems Approach
Resources Organization Strategy Environment
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Specifically, among the studies taking the interaction approach, only 18 (38.3%) of the 47
studies find complementary relationships among all the elements they investigate. In all, 25 stud-
ies (53.2%) find evidence of complementary relationships between some elements but substitution
effects or no effects between others. The remaining 4 papers (8.5%) find, against their expecta-
tions, no complementary relationships among any of the factors studied.

In contrast, of the 61 studies taking the systems approach, 47 (77.0%) find unequivo-
cally positive evidence of complementarities among all of the factors considered. Only 3
studies in this group, namely, Hill and Hellriegel (1994), Schultze and Orlikowski (2004),
and Macky and Boxall (2007), did not find any evidence of complementarities at all (nei-
ther did they find substitution effects). Overall, these results suggest that the likelihood that
a study finds evidence of complementary effects is at least partly driven by its underlying
investigative approach.

A closer analysis of the studies taking the interaction approach is particularly instructive
with respect to the nature of the elements among which complementary effects are likely, or
less likely, to emerge. In contrast, the papers adopting the systems approach provide insights
on the performance effects of entire configurations of multiple elements. We discuss both
aspects in the following, beginning with the former group of studies.

Studies taking the interaction approach. We highlight four results emerging from the analysis
of the 47 papers in this group. First, the evidence suggests that the combination of factors in a
particular category (e.g., our resources category; more than 70% of the 47 studies in Table 2
involve at least one element of an organization’s resource usage) with elements in other catego-
ries (e.g., the organization or strategy categories) constitutes a source of at least some comple-
mentarities among the elements concerned. Of the 4 papers contained in Table 2 that do not
provide evidence of any complementarities, 3 investigate the relationships between particular
resources and other resources (Helfat, 1997; Mithas & Krishnan, 2008; Somaya et al., 2007).
Only 1 paper (Athey & Stern, 2002) that relates a particular type of resource (e.g., IT systems) to
a set of organizational policies and practices (e.g., skill-oriented job design) provides no evidence
supporting a complementary relationship between these factors (neither does it find a substitutive
relationship). Overall, this evidence suggests that while combining resources of a particular type
with other resources of a similar type within the same firm may yield complementary effects, it
is not a reliable source of complementarities. Complementarities in social systems appear to
result from the interplay among heterogeneous factors, such as resources, organizational struc-
tures and strategies, and/or others.

Second, inspection of Table 2 suggests that only 8 of the 21 studies involving at least one
element of organizational policies/practices or structures/processes find universally positive
complementary effects between the organizational element(s) considered and other elements
(Bendoly et al., 2007; Carmeli & Tishler, 2004; Cremers & Nair, 2005). The other 13 studies
involving at least one organizational element provide mixed results; namely, they find sub-
stitution effects or no effects in addition to any complementary effects among the factors
considered. Therefore, the use of organizational practices or structures per se does not appear
to result in complementary effects; rather, whether complementarities emerge depends on the
specific practices and structures in place and their combination with other factors. A case-by-
case analysis of the 21 papers involving organizational factors shows that around one-third
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of these investigated relationships among individual workplace and other HR-related prac-
tices, such as job rotation, training, incentive schemes, and/or profit-sharing programs, and
decentralized decision making. Their general finding is that one-on-one relationships between
individual practices are often not complementary, but rather additive (e.g., Black & Lynch,
2001; Bocquet, Brossard, & Sabatier, 2007; Capelli & Neumark, 2001; Delaney & Huselid,
1996). We will come back to this finding and compare it with the results of studies in the
same topic area taking the systems approach in the following.

Third, Table 2 shows that 14 studies on relationships between individual aspects of a
firm’s market or corporate strategy and other factors are available. Of particular prominence
in this group are 4 studies on different types of strategic relatedness (e.g., product market
relatedness, customer knowledge relatedness) in multibusiness firms by Tanriverdi and his
coauthors (Tanriverdi, 2005; 2006; Tanriverdi & Lee, 2008; Tanriverdi & Venkatraman,
2005). All 4 of these studies attest to the idea that these different types of relatedness enhance
each other’s marginal effects on aggregate firm-level performance outcomes, at least for
moderate levels of diversification. This evidence suggests that a firm’s pursuit of relatedness
strategies may have a twofold benefit, namely, through their individual effects on perform-
ance on the one hand and through complementary effects with the firm’s resources,
organization, or other aspects of its strategy on the other.

Fourth, only 3 of the 47 studies using the interaction approach take aspects of an organiza-
tion’s environment into account in their analysis of complementary relationships. It appears
that the highly granular perspective characteristic of the interaction approach may divert the
attention of researchers from the potential importance of the wider environmental conditions
that may themselves by constitutive elements of complementary relationships.

Studies taking the systems approach. As indicated earlier, the research pursuing the
systems approach yields largely positive findings regarding the existence of complemen-
tary relationships among entire systems of multiple elements. Inspection of Table 3 shows
that more than three-quarters of the papers taking this approach (47 of the 61 studies)
provide evidence of entirely positive complementary effects, and a further 11 papers find
some complementary effects where they had expected them, in addition to some substitutive
or insignificant effects. Only the 3 remaining papers (Macky & Boxall, 2007; Hill &
Hellriegel, 1994; Schultze & Orlikowski, 2004) show no significant results that would attest
to the existence of complementarities, but even these papers do not negate the possibility of
complementarities on the systems level (i.e., there are no studies in this group that would find only
substitutive effects where complementary effects had been expected). In particular, the 23 studies
that include organizational elements (organizational policies/practices and/or structures/
processes) in the analysis of systems considered come to virtually unalloyed positive conclu-
sions regarding the existence of complementary effects in the systems concerned.

We use the example of the HR management (HRM) literature to illustrate the difference
between the studies using the systems approach and those taking the interaction approach.
All of the studies in this area using the systems approach confirm that the combination of
multiple elements of “modern” HRM positively affects aggregate firm performance. In con-
trast, the findings on one-on-one relationships among individual HR practices cast a more
skeptical light on this issue. Figure 1 presents a graphic comparison between three studies
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Figure 1
Comparison of Elements Combination Between the Two Investigated Approaches
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using the interaction approach (Black & Lynch, 2001; Capelli & Neumark, 2001; Delaney &
Huselid, 1996) and three papers using the systems perspective (Ichniowski et al., 1997,
Laursen & Foss, 2003; MacDuffie, 1995).

While each of the six studies involves only a subset of the 16 elements depicted in Figure
1, both groups of studies discuss largely the same type of elements. The three papers in the
interaction approach category each investigate between 4 (Black & Lynch, 2001; Delaney &
Huselid, 1996) and 10 (Capelli & Neumark, 2001) one-on-one relationships. Each study finds
only one of the relationships to be of a complementary nature; all other relationships were
found to be substitutive or insignificant. In contrast, the studies using the systems perspective
include between 8 (Laursen & Foss, 2003) and 10 (Ichniowski et al., 1997; MacDuffie, 1995)
factors in describing and identifying whether bundles of HRM-related practices were present
in the organizations contained in their samples. While the choice of the factors varies some-
what from study to study, five factors (training, incentives, job rotation, teams/work groups,
meetings/formal means of communication) are contained in each of the three papers. These
five factors are also studied heavily in the three papers using the interaction approach. As
Figure 1 shows, the studies taking the systems approach find evidence supporting the idea that
organizations that use these HRM-related practices outperform organizations that do not use
them or only a limited range of them.

Downloaded from jom.sagepub.com at Helsinki Univ of Technology on December 15, 2010


http://jom.sagepub.com/

Ennen, Richter / The Whole Is More Than the Sum of Its Parts—Or Is It? 223

Further insights derive from an in-depth analysis of the 14 papers in the systems approach
category that provide mixed or insignificant results regarding the existence of complementary
relationships. We found that 6 of these 14 papers analyze potential complementarities among firm
characteristics, such as resource endowments, in interfirm relationships, usually in the context of
alliances or vertical (supplier-buyer) relationships. For example, Colombo, Grilli, and Piva (2006)
investigated whether the combination of different specialized resources such as commercial and
technological assets by young technology firms yields beneficial outcomes, finding some positive
and some insignificant effects. In contrast, the clear majority of the systems-based studies yielding
unequivocally positive findings on the existence of complementarities look at the relationships of
elements within organizations. This finding that complementarities are more likely to materialize
within rather than between organizations has implications for the question of where researchers
should draw the boundaries of organizational systems.

Discussion

Summary of Main Findings and Theoretical Implications

Our review of the empirical literature on complementarities in this article was motivated
by the recognition that the complementarity perspective does not provide much specificity
with respect to the nature of the factors among which complementarities can be expected to
exist, nor does it provide predictions regarding the conditions facilitating the emergence of
complementarities. Therefore, in its current state of conceptual development, the comple-
mentarity perspective allows identifying complementarities only ex post, on the basis of their
performance effects (Athey & Stern, 1998).

Overall, our review of the 108 studies analyzed in this article suggests that complementarities
among organizational design elements may constitute powerful performance drivers. Of these
studies, 101 find evidence of at least some complementarities; only the 7 remaining studies could
not confirm the existence of any complementarities where they had expected them. However, a
closer look at the results indicates that one-third (36) of the 108 studies provides mixed evidence
on complementarities. Furthermore, our review of the 47 studies taking the interaction approach
did not provide evidence of a “magic bullet”: We did not find a single factor in these studies
whose co-occurrence with other factors would invariably result in the emergence of complemen-
tary relationships. In the same vein, we did not find evidence of a “magic pair of bullets,” namely,
a pair of factors whose relationship would always be complementary, regardless of content.

We find that the studies taking the systems approach provide substantially more positive results
on complementarities than those taking the interaction approach. For example, whereas 77% of
the studies taking the systems approach come to entirely positive conclusions regarding the exist-
ence of complementarities, the same is true only for 38% of the papers taking the interaction
approach. We are particularly intrigued by our finding that even studies looking at the same topic
area (as exemplified by the studies on HRM practices) may come to fairly different conclusions
regarding the existence of complementarities, depending on their choice of investigative approach.
Overall, the likelihood that a study produces positive or less positive findings regarding the exist-
ence of complementary effects appears to be at least partially driven by this choice.
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Therefore, our comparison suggests that complementarities are most likely to materialize
in a system of complex interactions among multiple elements. The analysis of one-on-one
relationships among individual factors produces insightful results; however, if a study fails to
detect a complementary relationship between two factors where one was expected, this result
may well be due to the role of other elements not considered in the analysis. As Matsuyama
(1995) noted, two factors are not complements by virtue of their own nature, but by virtue of
the presence of what he called a “third alternative,” namely, a third factor that may or may not
be in place. For example, Bocquet et al. (2007) argued that particular organizational practices
and strategic choices complement each other only when geared toward a particular set of
information and communication technologies (ICTs), and that other ICT configurations
require different “bundles” of organizational practices and strategies. Similarly, Cassiman and
Veugelers (2006) argued that success in innovation requires not only combining the “right”
innovation practices, but also creating an organizational context in which these practices
enhance each other in an optimal fashion. Two factors may complement one another, yet the
description of these two factors and their interaction does not constitute an exhaustive analysis
of the conditions under which this complementarity holds. To put it more pointedly, two
factors are not complements; they become complements by virtue of a third factor (or set of
factors). Complementarities may only become fully effective when embedded in an overall
system involving many elements. Therefore, a theory of complementarities will have to take
the critical role of contextuality into account. Establishing entire systems of mutually reinforc-
ing design elements leads not only to enhanced performance, but has additional benefits in
that complex systems provide protection against imitation by competitors (Rivkin, 2000).

The insight that complementary relationships among specific factors may emerge only
in the presence of further factors is also consistent with our finding that complementari-
ties benefit from heterogeneity. As the example of the three papers on HRM practices that
use the interaction approach (Black & Lynch, 2001; Capelli & Neumark, 2001; Delaney
& Huselid, 1996) shows, combining several HRM practices—factors that are relatively
similar to one another in that they belong to the same category, namely, organizational
practices (see Table 2)—may well produce additive rather than complementary effects.
Furthermore, we find that three of the four papers taking the interaction approach that
provide evidence of no complementarities at all where they had expected them related
firms’ resources of a particular type with other types of resources without considering the
potential importance of organizational policies, structures, strategies, or environmental
conditions. Furthermore, many of the studies investigating the combination of relatively
similar factors find substitution effects among them. For example, Nerkar and Roberts
(2004) provided evidence according to which an organization’s experience in different
fields such as marketing and technology enhances innovation performance, whereas
resources in similar fields (e.g., proximal and distal technological experience) cannibalize
each other with respect to new product success. Conversely, Bonaccorsi and Thoma
(2007) showed that the cooperation between different types of inventors is more effective
than the cooperation among inventors with similar skill sets.

Overall, we interpret these findings as indications that the added value that complementarities
provide above and beyond the value of each individual factor may result from the combination
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of multiple, heterogeneous factors. Along the same lines, Grandori and Furnari (2008)
proposed the “law of structural heterogeneity,” according to which the effective design of
systems results from the combination of organizational attributes of different kinds, rather
than of attributes of the same kind.

To summarize, our review provides two interrelated insights that, from our point of
view, should be the basis for further theory development: First, we find that complemen-
tarities emerge in complex systems involving multiple elements. Second, these elements
involved in the emergence of complementary relationships are of a heterogeneous nature.
As the recent work by Adegbesan (2009) showed, these insights can be utilized to explain
persistent performance differences between seemingly similar firms (e.g., firms active in
the same factor and product markets), without resorting to superior expectations (e.g.,
regarding the value of specific resources) or luck. He argued that these performance dif-
ferentials may result from differences in the abilities of firms to generate complementarities
among seemingly different things (resources, organizational practices, strategies, etc.).
Therefore, competitive advantage may not (or not only) result from firms’ ability to
attract resources, but also from the ability of firms to integrate them in a unique way that
enhances the overall value of the organizational system. In line with Adegbesan’s work,
we believe that the notion of complementarity has the potential to become the corner-
stone of a theory of organizational performance. Further work is needed to develop such
a theory.

Directions for Future Empirical Research

Our review has shown that a good deal of progress has been made with respect to
investigating the role of complementarities in organizations from an empirical point of
view. As indicated earlier, the findings of the 108 studies analyzed here are relatively
encouraging, with the studies supporting the existence of complementarities clearly out-
numbering the papers finding no or negative results. At the same time, we have found
significant differences between the studies depending on their investigative approaches.
From our point of view, further empirical research should avoid walking the beaten
tracks of the interaction approach versus the systems approach and seek to explore the
middle ground between them. Research primarily interested in the relationships among
individual factors should pay greater attention to the importance of contextual factors,
both within the organization and in its wider environment (see the following). On the
other hand, analyses that focus on entire systems of factors should provide greater spe-
cificity with respect to the relationships among the features of the system concerned.
Many papers using quantitative approaches attempt to capture the nature of distinct
organizational systems by using categorical variables indicating whether particular fac-
tors are in place or not. This approach provides little information on the nature of the
relationships that ultimately drive complementarity effects observed at the systems level.
One study that occupies this middle ground is Siggelkow’s (2001) qualitative paper on
change in the presence of fit at Liz Claiborne, which provides ample detail on how
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individual factors (e.g., choices on product range, production and distribution methods,
marketing methods) relate to one another, without losing sight of the overall organiza-
tional configuration of the firm concerned at two different points in time. Further
empirical research should follow this example.

Furthermore, we were surprised about the paucity of studies—even of those adopting the
systems approach—that would take the environment into account in examining potential com-
plementarities. It appears that a central tenet of configuration and contingency theories that
see the choice of organization-specific factors such as strategies and structures has been left
largely unexplored from a complementarity perspective. There are many examples (e.g.,
Milgrom & Roberts’s, 1994, discussion of the organization of Japanese firms) that indicate
that tightly coupled organizational designs may be successful under certain environmental
conditions but less successful under others. We agree with Porter and Siggelkow’s (2008)
argument that researchers aiming to trace complementarities in organizations need to take
greater account of contextual factors in their studies, including the industry context, but also
social, political, and other dimensions of the environment in which firms operate.

Finally, our review shows that most empirical studies on complementarities assume a
cross-sectional perspective and that they largely use performance measures of various types.
Given that the notion of complementarities has a potentially major application in explaining
organizational stability and inertia and the emergence of recurring design patterns within and
across organizations, we would hope that future research pays greater attention to outcomes
such as longevity, survival, and organizational resistance or ability to cope with change. Such
research is likely to require longitudinal data and possibly to involve qualitative research
approaches in addition to quantitative ones.

Implications for Managerial Practice

The complementarity perspective is skeptical of the notion of “best practices,” which sup-
posedly enhance performance regardless of the circumstances in which they are applied. It
suggests that decision makers have to manage complex social systems whose constituents
and interactions are usually incompletely understood and whose benefits may only become
apparent post hoc. Furthermore, the success of organizations that have established tightly
coupled systems among highly complementary elements may act as a strong barrier to
change, and thereby hinder adaptation and survival (Roberts, 2004).

Nevertheless, we highlight two implications for managerial practice that can be derived
from the empirical research reviewed in this paper. First, although the evidence on comple-
mentarities is not clear-cut, this evidence is by no means negative. In total, 65 of the 108
papers contained in our review have found only positive performance effects of the relation-
ships between individual factors or among multiple elements of the systems they considered.
A further 36 studies found mixed evidence. Therefore, complementarities, although clearly
not ubiquitous, appear to be widespread, suggesting that the development of organizational
systems embodying such complementarities is achievable at least in principle. Although due
to the large differences in the data, variables, and methodologies used by the papers in our
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review, it is impossible to assess the performance effect sizes of complementarities in a statis-
tical sense, and analysis of individual studies (e.g., Carmeli & Tishler, 2004) suggests that
these effects can be substantial. Organizational development toward complementarities holds
out a promising perspective.

Second, although our review has not enabled us to pinpoint individual factors that pro-
vide “universal complementarity” with other factors, it has provided a snapshot of the
various dimensions that decision makers seeking to facilitate the emergence of comple-
mentarities in their organizations should take into consideration. Managers should take a
broad view of their organizations that cuts across the boundaries of traditional functional
demarcations. As Milgrom and Roberts’s (1990a) example of Ford shows, a firm’s human
resource management is most likely to exert its full benefit in consort with its strategy, organ-
izational structures, and other characteristics. The complementarity perspective suggests that
lasting competitive advantage does not necessarily derive from optimizing each of these fac-
tors on its own, but from the beneficial interplay among them.

Note

1. The studies that take the industry as their main unit of analysis are not included in our count of 108 papers
and are not listed in Tables 1 through 4 as it was not possible to form an evaluative assessment of the outcome
variable used in these studies. For example, Shane (2001) used the rate of new firm entries into an industry as his
dependent variable. Whereas public policy makers might consider the emergence of new firms as desirable, indus-
try incumbents may not welcome competition from new companies.
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