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Abstract 
Many systems migrate towards increasing or decreasing 
modularity, yet no explicit causal models exist to explain 
this process. This paper builds upon a general theory of 
modular systems (Schilling 2000), to explain the migration 
of systems towards or away from increasingly modular 
forms. It then applies this model to a specific context: the 
adoption of modular organizational forms. In many 
industries, integrated hierarchical organizations are being 
replaced by non-hierarchical entities that are permeable and 
interconnected. This paper applies the logic of general 
systems modularity to explain why in some industries we 
may expect greater use of modular organizational forms 
such as contract manufacturing, contingent workers, and 
alliances than in other industries. The paper then presents 
data from 330 manufacturing industries that was used to test 
this model (Schilling & Steensma 2001). 

 
An examination of technology trajectories in a wide range 
of industries indicates that many product systems migrate 
towards increasing modularity. Product systems that were 
once tightly integrated may be disaggregated into loosely 
coupled components that may be mixed and matched, 
allowing much greater flexibility in end configurations. 
For instance, personal computers were originally 
introduced as all-in-one packages (such as Intel’s MCS-4, 
the Kenback-1, the Apple II or the Commodore PET), but 
rapidly evolved into modular systems that enable the 
mixing and matching of components from different 
vendors. Publishers have also embraced modularity, by 
utilizing recent information technology advances to enable 
instructors to assemble their own textbooks from book 
chapters, articles, cases or their own materials. Even large 
home appliance manufacturers now offer their products in 
modular configurations—for example some stoves now 
offer customers the ability to remove the burners and plug 
in other cooking devices such as barbecue grills and 
pancake griddles.  

 
Recent research also indicates that a similar phenomenon 
may be manifest in the emergence of new organizational 
designs. In many industries, integrated hierarchical 
organizations have been replaced by non-hierarchical 

entities that are permeable, interconnected, and modular in 
nature. A variety of terms have been used to describe this 
phenomenon, including “virtual organizations” (Davidow 
& Malone 1992), “network organizations” (Miles & Snow 
1986), and “modular organizations” (Lei, Hitt & Goldhar 
1996; Sanchez 1995; Sanchez & Mahoney 1996). 
Although the terms are sometimes invoked in slightly 
different ways, they all describe the phenomenon whereby 
the role of the tightly-integrated hierarchical organization 
is supplanted by loosely coupled networks of 
organizational actors.  
 
Because modularity exponentially increases the number of 
possible configurations achievable from a given set of 
inputs, is it easy to conclude that modular forms will 
typically displace less modular forms. However, some 
systems appear to follow a path towards increasing 
integration. In product systems, for example, sets of 
components which were once easily mixed and matched 
may sometimes be bundled into a single integrated 
package that does not allow (or discourages) substitution 
of other components. Many commonly used software 
applications are now bundled into “software suites” that 
promote seamless integration. Though they do not prohibit 
using other vendor components, they discourage it by 
offering dramatically improved performance through the 
combination of the particular set of applications. Even 
bicycle componentry—once typically sold by individual 
components such as brakes, gear sets, cranks and 
derailleurs--is now predominantly sold in integrated 
component bundles that may not be mixed and matched. In 
organizational systems, it has also been noted that while in 
many industries firms appear to be disaggregating, other 
industries (e.g., banking , healthcare) are characterized by 
increasing consolidation and integration. Presumably if we 
were to undertake a detailed study of how the concepts of 
modularity and integration are used in the many disciplines 
that study systems, we would find many other examples of 
systems that had migrated towards or away from 
increasing modularity. 
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This leads us to the following question: What drives some 
systems towards increasing modularity, and others towards 
increasing integration? Though the concept of modularity 
is used in the fields of mathematics (Qi 1988), knowledge 
structures and language development (Baddeley 1986; 
Fodor 1983) biological anatomy (Hall & Hughes 1996; 
Wagner 1995), and social systems (Blair 1988), none of 
these literatures revealed an explicit causal model of the 
adoption of increasingly modular forms. The product 
modularity research is more extensive; researchers have 
looked at some of the advantages of the adoption of 
modular product designs, including its impact on the 
production configuration options available to firms, and 
product configuration options available to customers (e.g., 
Baldwin & Clark 1997; Garud & Kumaraswamy 1995; 
Langlois 1992; Sanchez 1995; Sanchez & Mahoney 1996). 
Researchers have also considered how modularity may 
enable firms to reap some of the network externality 
advantages of a standards-based architecture, while still 
producing unique, proprietary components (Garud & 
Kumaraswamy 1995). The study of modular product 
systems is still fairly new, however, and there have been 
few attempts to develop a unified framework that would 
explain modularity across multiple levels of analysis.  

 
The purpose of an earlier paper (Schilling 2000) was thus 
to develop an overarching causal model of the migration of 
systems towards or away from increasingly modular forms 
that allows us to integrate existing constructs, and provide 
direction for future research. I review this model here, and 
then apply it to the specific case of the adoption of 
increasingly modular organizational forms such as contract 
manufacturing, alternative work arrangements, and 
alliances. Building on the general causal model, I argue 
that greater heterogeneity in the production process (inputs 
and demands) for an industry generally leads to a greater 
use of flexibility-granting modular forms. However, the 
extent to which industries respond to heterogeneity in this 
fashion depends in part on the facilitating mechanism of 
industry standards, and the urgency felt by firms due to 
technological change and competitive intensity. These 
hypotheses were tested in a study by Schilling and 
Steensma (2001) using data on 330 US manufacturing 
industries, and the results are presented here. 

Modular Systems  
Taking Simon's (1962) systems perspective, we can view 
almost all entities, whether social, biological, technological 
or otherwise, as hierarchically nested systems of 
components. At any level of analysis, an entity is made up 
of components, each of which is in turn a system of finer 
level components. Such components are linked in some 
way to enable their interaction, exchange, or other 
combination. At the organization level, we can view the 
organization as a system that is composed of components 

such as divisions, which in turn are composed of 
individuals, capital equipment and other resources.  
 
In many systems (particularly social systems), the 
hierarchical nesting of components is also accompanied by 
considerable overlapping, meaning that components may 
simultaneously serve multiple systems. This makes the 
way that we define each level of components somewhat 
arbitrary. For instance, rather than viewing an organization 
as a system of divisions, which are in turn made up of 
individuals and capital, we could define the organization as 
a system of capabilities, which are in turn made up of 
activities, which are in turn made up of individual routines. 
Modular systems are those in which components may be 
separated and recombined--allowing more flexibility in 
end configurations (Schilling 2000).  
 
It is assumed here that many complex systems adapt or 
evolve, shifting in response to changes in their context, or 
changes in their underlying components, in pursuit of 
better fitness (Holland 1994). A modular systems 
perspective enables us to understand how the fitness of a 
system is influenced by grouping some components 
(however they may be defined) more tightly together than 
others. At the organization level, it can help us understand 
why some production resources (or activities) should be 
more tightly integrated and optimized for a particular 
configuration, whereas others remain loosely coupled and 
recombinable in a range of configurations.  
 
Systems are said to have a high degree of modularity when 
their components can be disagreggated and recombined 
into new configurations—possibly substituting various 
new components into the configuration—with little loss of 
functionality. The components of such systems are 
relatively independent of one another; if they are 
compatible with the overall system architecture, then they 
may be easily recombined with one another (Baldwin & 
Clark 2000; Garud & Kumaraswamy 1995; Sanchez 
1995). Since very few systems have components that are 
completely inseparable and may not be recombined, almost 
all systems are, to some degree, modular.  
 
The primary action of increasing modularity is to enable 
heterogeneous inputs to be recombined into a variety of 
heterogeneous configurations. Therefore whether a system 
will respond to a shift in its context by becoming more 
modular is a function both of the degree to which the 
components of the system are separable (“what will be lost 
by separating the components?”) and the pressure to be 
able to produce multiple configurations from diverse 
potential inputs (“will the ability to produce multiple 
configurations increase the system’s fitness?”).  
 
Separability. As mentioned before, the components of 
almost all systems are ultimately separable, though much 
may be lost through their separation. We may disassemble 



products, split apart social institutions, and even cut apart 
biological organisms. What is a more interesting question 
is whether the systems may be put back together again and 
continue to function as before, and what is still more 
interesting is whether we have to put them back together in 
their original configuration. Some systems cease to 
function completely if they are decomposed. For example, 
many biological organisms will die if any of their 
components become separated from the whole. Other 
systems, for example many product systems, will continue 
to function once a certain minimum configuration of 
components is recombined (although not necessarily 
identical to how they functioned prior to disaggregation).  
 
Furthermore, even in systems in which recombination is 
possible, there may be some combinations of particular 
components that work better together than others. Through 
optimizing the components to work in a particular 
configuration, they achieve functionality unobtainable 
through the combination of more independent components. 
The degree to which a system achieves greater 
functionality through its components being specific to one 
another can be termed its synergistic specificity—the 
combination of components achieves synergy through the 
specificity of individual components to a particular 
configuration. Systems with a high degree of synergistic 
specificity may be able to accomplish things that more 
modular systems cannot, however they do so by forfeiting 
a degree of recombinability.  
 
Examples of this can be found in a wide range of systems: 
Some product systems only achieve their functionality 
through optimizing each of the components to work 
together. Each component becomes specific to the system, 
and to make those components nonspecific would entail 
loss of performance (Simon 1962). Some organizational 
processes, such as the development of a new product by a 
team (the system), are greatly enhanced by collocating the 
team members (components of the system), and dedicating 
them full time to the project. The team members will 
develop skills and knowledge that are idiosyncratic to the 
particular project, making them less recombinable in other 
teams. However, they are able to achieve a greater 
understanding and commitment to the project through 
becoming specific to the project, and may consequently 
achieve a superior outcome. 
 
Such synergistic specificity is at the core of many complex 
systems. The components of the system may require such 
extensive interaction, and that interaction may be so 
directly influenced by the design or nature of that 
component, that any change in the component requires 
extensive compensating changes in the other components 
of the system or functionality is lost (Sanchez & Mahoney 
1996). High levels of synergistic specificity act as a strong 
force against the system shifting to a more modular design.  
 

Other systems, by contrast, achieve little synergistic 
specificity—their components are relatively independent 
and may be recombined in a variety of configurations with 
little or no loss of functionality. For example, a stereo 
system may be composed of a variety of components that 
may be mixed and matched easily, with little or no loss of 
functional performance (Langlois & Robertson 1992). 
Similarly, temporary employees with very well-defined 
skills may be also be fairly easily redeployed within a 
variety of organizations with little loss of performance.  
 
Furthermore, the degree to which a system is characterized 
by synergistic specificity may change over time. For 
example, advances in science may enable components that 
achieve greater synergistic specificity, or that are more 
independent. For example, through the development of 
standards to govern interaction and exchange, the 
components of many technological and social systems are 
now more easily recombinable. Input-output specifications 
between computer components enable vendors to produce 
a seemingly endless array of components that will easily 
connect and function well together. Even the human body 
has become more modular; as our understanding of the 
rules regarding the systemic exchange within the body has 
increased, so too has our ability to replace defective organs 
(biological components) with those removed from another 
person, or those created synthetically. This example 
illustrates vividly that modularity may be seen as a general 
property of systems, and that scientific advance may 
enable modularity where it was once unthinkable. 
 
The degree, therefore, to which a system is separable is a 
continuum. Some systems are relatively inseparable 
(though very few are perfectly inseparable), while other 
systems may be decomposed easily, with no loss of 
performance. Separability—influenced primarily by the 
degree of synergistic specificity characterizing the 
system—will be one of the strongest factors conditioning 
whether a system will respond to pressures to become 
more modular. We now turn to examining those factors in 
the system’s context that will create such pressure to 
become more modular.  
 
Heterogeneity of Inputs and Demands. As mentioned 
before, the primary action of modularity is to enable 
heterogeneous inputs to be recombined into a variety of 
heterogeneous configurations. Therefore we must now ask 
“when will the ability to produce multiple configurations 
increase the system’s fitness?” The answer to this question 
is already revealed in the action of modularity: when there 
are heterogeneous inputs, and heterogeneous demands 
placed upon the system. The more heterogeneous are the 
inputs that may be used to compose a system, the more 
possible configurations that are attainable through the 
recombinability enabled by modularity. Furthermore, the 
more heterogeneous the demands made of the system, the 
more valued such recombinability becomes.  



 
The more potential configurations there are of a system, 
the more likely it is that configurations will be found that 
meet the heterogeneous demands made of the system. For 
a simple example, consider the following: Suppose a car 
may be assembled from a range of components. The wider 
the range of components that may be recombined into a 
car, the wider the range of possible car configurations 
achievable through modularity, and the greater the 
potential opportunity cost of being “locked in” to a single 
configuration. Furthermore, the more heterogeneous 
customers are for cars, the less likely they are to agree on a 
single configuration. By employing modularity, 
heterogeneous customers can choose a car configuration 
that more closely meets their preferences.  
 
Close examination of this example reveals that each of 
these two factors reinforces the pressure created by the 
other. That is, if customers are heterogeneous but the 
possible components of a system are perfectly 
homogeneous, modularity may enable flexibility in scale, 
but may not significantly increase the range of possible 
functions of the product configuration. Conversely, even if 
there is a wide range of components but customers all want 
the same thing, then there is little to be gained through 
offering a modular system--it will be a simple matter to 
determine the best combination of components to meet 
customer demands, and integrate them into a non-modular 
system (Langlois & Robertson 1992). However, 
heterogeneity in the range of inputs combined with 
heterogeneity in customers, creates powerful incentives to 
adopt a modular system. 

Migration and Equilibria 
Systems can migrate towards increasing modularity, 
becoming decomposed at ever-finer levels, until they again 
find a balance between the pressure to become modular 
and the functionality gained through synergistic 
specificity. For example, consider a system composed of 
parts A, B and C. If there are many other alternative 
components that these components could be combined 
with (say, D-Z), and if some of the demands placed upon 
this system would be better met by other configurations 
(e.g., A+F+G, or C+B+M), there will be pressure to 
decompose the system. If, however, the tight coupling of 
A, B and C yields something much greater than any of 
these components could yield combined in another 
configuration (synergistic specificity), this performance 
advantage will act against the pressure to decompose the 
system. The balance between the gains achievable through 
recombination and the gains achievable through 
specificity determine the pressure for or against the 
decomposition of the system.  
 
Should the gains from recombination win out, the system 
is likely to be decomposed into a group of modular 

components. Furthermore, because systems are typically 
nested hierarchies (as mentioned previously), each of these 
components is likely a system of other components. This 
system faces its own balance between the heterogeneity of 
demands, the heterogeneity of inputs, and its degree of 
separability. Should heterogeneity of inputs and demands 
again win out, it too may be decomposed into modular 
components. Such a trajectory may go on and on until the 
we reach a level at which the system is relatively 
inseparable, or it is composed of relatively homogeneous 
inputs, or it faces relatively homogeneous demands, or 
some combination of these.  
 
Similarly, if a system should begin to incur more 
advantages from highly specific components (through, 
perhaps, scientific advance), or its inputs or demands 
become more homogeneous, the system may migrate 
toward less modularity. And if this system is, in turn, a 
component of a larger system, and there are strong gains to 
be achieved through making this component specific to a 
particular combination, it may become more tightly 
integrated with another, even larger system. Thus the 
trajectory of systems is bidirectional--as the environment 
changes (causing demands or inputs to become more or 
less heterogeneous) or the separability of the system 
changes, it may migrate up or down a trajectory, towards 
or away from increasing modularity.  

Overcoming Inertia 
There is one more element we must consider, even at this 
very general level of abstraction. As mentioned earlier, 
systems are characterized by inertia. They do not respond 
immediately and vigorously to every external influence. 
Therefore it is altogether possible that a system will be 
relatively more or less modular than the balance of its 
separability, heterogeneity of inputs, and heterogeneity of 
demands would otherwise indicate. Whether, and to what 
degree, a system responds to changes in its context are 
influenced by forces in the context that create urgency. For 
example, competitive intensity or time constraints (such as 
the rapid obsolescence of products and processes caused 
by technological change) can catalyze the system’s 
response to these balances. For example, as discussed at 
greater length later in the article, despite heterogeneous 
inputs and customers, minicomputer companies did not 
begin to offer more modular minicomputers until the rise 
of workstations began to greatly increase the competitive 
pressure in the minicomputer industry. Similarly, as 
mentioned earlier, several authors have argued that it is 
increasing pace of technological change, and the 
competitive intensity of increasingly globalized industries, 
that have caused whole organizational systems to begin to 
decompose, and use network configurations so that 
organizational components may be quickly and fluidly 
recombined to respond to environmental shifts (Achrol 
1997; Miles & Snow 1986).  



In sum, we can map the factors influencing whether a 
system migrates towards increasing modularity as in 
Figure 1: The heterogeneity of inputs and demands both 
increase pressure for the system to become more modular, 
and both reinforce the effects of the other. The synergistic 
specificity of the system creates pressure against the 
system migrating towards modularity. Finally, factors 
creating urgency in the environment can catalyze the 
system’s response to the balance of these forces.  

 
FIGURE 1: Causal Model of Modular Systems1 

Increasingly Modular Organizational Forms 
A considerable body of research has begun to emerge that 
suggests that in many industries, large and hierarchical 
entities are now being replaced by loosely interconnected 
organizational components, with semi-permeable 
boundaries (Ashkenas, et. al. 1995; Snow, Miles & 
Coleman 1992; Zenger & Hesterly 1997). The locus of 
production is no longer confined within the boundaries of 
a single firm, but occurs instead at the nexus of 
relationships between a variety of parties that contribute to 
the production function. Such loosely coupled 
organizational forms allow components to be flexibly 
recombined into a variety of configurations, much as a 
modular product system enables multiple end product 
configurations from a given set of components. Common 
examples include the computer and apparel industries, 
where leaders such as Microsoft, Dell Computers and 
Reebok have demonstrated the advantages of gaining 
access to necessary organizational components through 
strategic alliances and outsourcing (Langlois 1992).  
 
When organizations begin to substitute flexible, loosely 
coupled forms for tightly integrated, hierarchical 
structures, they are increasing their degree of modularity. 
Furthermore, as firms in a given industry begin to 
substitute loose coupling with organizational components 
that lie outside of firm boundaries for activities that were 
                                                 
1 Solid lines represent direct effects, dashed lines represent 
indirect effects 

once conducted in-house, it is the production system 
(which may encompass many firms) that becomes 
increasingly modular, whereas firms themselves have 
become more specialized components.  
 
Three of the primary ways that firms are substituting loose 
coupling for activities that were once tightly integrated 
within the organization include the use of alliances, 
alternative work arrangements, and contract 
manufacturing. The firm can switch relatively easily 
between different providers of these activities (e.g., 
between different contract manufacturers or alliance 
partners) compared to building the capabilities for all 
activities in house, thus achieving greater flexibility. 
However, these flexibility gains come with a price (as 
discussed below). Therefore the organization must assess 
the flexibility gains achievable, and any accompanying 
loss of performance, with each of these forms.  
 
Alliances 
Firms can use alliances to access a critical capability that is 
not possessed in-house, or expand the range of 
configurations into which the firm's own capabilities may 
be leveraged. According to several studies, the use of 
alliances has been growing by 25 percent a year since 
1985, and by 2002 alliance use by the thousand largest 
U.S. firms will account for 35% of their total revenue 
(Harbison & Pekar 1998).  
 
Alliances enable firms to share the risk of a particular 
venture and enhance the firm’s overall level of flexibility. 
Through an alliance, firms can establish a limited stake in a 
venture, while maintaining the flexibility to either increase 
their commitment at a later date or shift these resources to 
another opportunity. However, the flexibility gained 
through using alliances comes at a cost. The potential for 
opportunism and self-interest exists for both parties of an 
alliance due to limited levels of mutual commitment. 
Moreover, these hybrid relationships may lack the shared 
language, routines and coordination that develop within 
integrated firms and can more readily lead to more 
sustainable competitive advantages (Ghoshal & Moran 
1996). 

 
Alternative Work Arrangements 
Firms may also rapidly alter their scale and scope (and the 
mix of talent and other capabilities the firm may access) by 
making greater use of alternative work arrangements 
(Belous 1989; Davis-Blake & Uzzi 1993). Through using 
alternative work arrangements such as contract agency 
workers and temporary agency workers, the firm makes 
employees a loosely coupled component of the firm, thus 
increasing their recombinability and the organization's 
flexibility. Like alliances, the use of alternative work 
arrangements is on the rise: though total U.S. employment 
between 1982 and 1997 increased by only 20%, 
employment in temporary help service agencies tripled 
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over the same time frame (Carnoy, Castells & Benner 
1997).  
 
Though alternative work arrangements enable the firm to 
bring new knowledge and skills into the firm quickly, they 
do so at a potential cost. Employees in alternative work 
arrangements may not develop the firm-specific 
knowledge that long-term employees possess. They may 
also lack the loyalty of long-term employees, resulting in 
lower morale and higher turnover. Furthermore, utilizing 
temporary employees may put the firm at greater risk of 
having its proprietary technologies or competitive tactics 
disseminated to other firms.  
 
Contract Manufacturing  
According to a survey conducted by Purchasing Magazine, 
66% of organizations polled say that spending on 
outsourcing has increased between 10% and 1000% from 
1994 to 1999 (Baatz 1999). Contract manufacturing allows 
firms to meet the scale of current market demand, without 
committing to long-term capital investments or an increase 
in the labor force. It permits production capabilities to be 
loosely coupled to the firm, enabling the firm to specialize 
in those activities central to its competitive advantage 
while other firms provide necessary support activities, or 
specialized resources the firm does not possess. Contract 
manufacturing can also enable a firm to tap the greater 
economies of scale and faster response time of a dedicated 
manufacturer, thereby reducing costs and increasing 
flexibility. However, the use of contract manufacturing 
also has a number of downsides. Reliance on contract 
manufacturing may cause the firm to forfeit important 
learning opportunities, putting it at a disadvantage in the 
long run. By not investing in its own manufacturing, a firm 
might not develop many of the competencies related to its 
products that enable the development of future product 
platforms. In addition, the contract manufacturer may bear 
significant costs in ramping up production for a particular 
firm, and must therefore specify the contract in order to 
avoid being “held up” by the contracting firm after the 
manufacturer has made investments specific to the 
contract. 
 
Factors Driving Adoption  
When will firms in a given industry tend to pursue the 
flexibility provided by the organizational forms described 
above, while incurring the costs associated with each of 
these forms?  
 
Gains from Recombinability. As mentioned, the more 
heterogeneous the potential inputs that may be used to 
compose a system, the greater the number of possible 
configurations that are attainable through the 
recombinability enabled by modularity. Furthermore, the 
more heterogeneous the demands made of the system, the 
more valued such recombinability becomes. The more 
potential configurations there are of a system, the more 

likely it is that configurations will be found that meet the 
heterogeneous demands made of the system (Schilling 
2000).  
 
At the firm level, inputs may be any kind of resource--
human, capital or otherwise--that is combined with other 
resources to carry out the activities of the firm. As pointed 
out by the resource-based view of the firm, heterogeneity 
in such resources leads to differentiated capabilities among 
firms, putting some firms at a competitive advantage in 
some activities and at a disadvantage in others. Such 
differential returns from activities encourage firms to 
specialize in those activities in which their rate of return is 
highest. Loosely coupled organizational forms such as 
contract manufacturing, alternative work arrangements, or 
alliances enable firms to specialize in their high return 
activities, and to combine them with those of producers of 
other activities in order to produce a variety of production 
configurations. Thus heterogeneity in potential inputs may 
encourage firms in a given industry to adopt loose 
coupling in order to enable simultaneously greater 
specialization in particular activities and to create more 
flexible production configurations.  
 
Similarly, the more heterogeneous the demands made upon 
the firm, the more valuable flexibility becomes. When, for 
example, an industry has many different types of 
customers with varying demands, the firms in that industry 
will experience pressure to produce more alternative 
configurations from the inputs available in order to meet 
idiosyncratic customer preferences. Being able to 
recombine organizational components in multiple 
configurations enables the firm to more closely meet 
heterogeneous demands with relatively less investment 
than if components were not recombinable: recombining 
achieves "economies of substitution" (Garud & 
Kumaraswamy 1995).  
 
Forces created by heterogeneous inputs and heterogeneous 
demands will also tend to reinforce each other. A firm that 
provides goods or services for very heterogeneous 
customers should be able to reap even more value from the 
ability to recombine heterogeneous inputs; if inputs were 
heterogeneous but customers were perfectly homogeneous, 
there would be one optimal configuration or organizational 
components and little value to be gained from modularity. 
Alternatively, if customers were heterogeneous but inputs 
were perfectly homogeneous, then modularity might allow 
some limited change in scale or function, but would not 
lead to the variety of configurations that could be achieved 
with more heterogeneous resources. Therefore pressure for 
flexibility in production configurations will be highest in 
an industry that has both heterogeneous inputs and 
heterogeneous customer demands: 
Hypothesis 1: In general, heterogeneity in the inputs 
utilized by an industry and in the demands placed upon it 



will be positively associated with the greater use of 
modular organizational forms in that industry.  
 
Although we expect industries to generally respond to 
increasing heterogeneity by using increasingly modular 
forms, systems with high levels of synergistic specificity 
(performance advantages of integration for organizations) 
can experience pressure to resist modularity or to become 
increasingly integrated. Additionally, systems are often 
hampered by inertia that prevents them from vigorously or 
precisely responding to the demands of their environment 
(Holland 1994; Kauffman 1993). Mechanisms such as 
industry standards, however, can reduce synergistic 
specificity, thus encouraging the adoption of more modular 
organizational forms. Furthermore, factors that create 
urgency in the environment can act as catalysts, spurring 
the organizations in an industry to overcome their inertia 
and adapt more readily in pursuit of greater fitness.  
 
Performance Advantages of Integration and the 
Influence of Standards. Even in systems in which 
recombination is possible, there may be some 
combinations of particular components that work better 
together than others. Through the optimization of 
components to work in a particular configuration, the 
system can achieve a functionality unobtainable through 
the combination of more independent components. 
Systems with a high degree of such synergistic specificity 
may be able to accomplish things that more modular 
systems cannot, and high levels of synergistic specificity 
act as a strong force against the system shifting to a more 
modular design.  
 
At the organization level, synergistic specificity is 
manifested in performance advantages (or cost savings) of 
integrating particular resources or activities. For example, 
consider a firm planning its new product development 
process. The firm could design the product, contract it out 
to be manufactured, hire a marketing firm to deploy a 
marketing plan for the product, and employ a distribution 
firm to get the product out to consumers. However, a firm 
that integrates product design and marketing activities is 
more likely to produce products that closely fit customer 
requirements. In addition, a firm that integrates product 
design and manufacturing can ensure that the product 
designs are relatively easy to manufacture. Designing for 
ease of manufacturing can lower both unit costs and 
product defects, which translates into a lower final price 
and higher quality. A similar argument can made for 
distribution: a product that is designed for ease of 
distribution will result in lower transportation costs and 
less product breakage.  
 
Most systems have some degree of synergistic specificity 
between components, however such specificity may be 
reduced through the development of standardized 
interfaces (Sanchez 1995; Sanchez & Mahoney 1996). 

Through specifying and standardizing the nature of the 
activity and terms of exchange, the standard interface 
makes assets nonspecific. For exchanges between 
organizations (or between different activities within an 
organization), standards such as uniform employment 
policies, shared groupware platforms, and even process 
protocols such as ISO 9000, may serve as standard 
interfaces to facilitate certain types of exchange. For 
example, Motorola’s Quality System Review makes 
extensive use of requirement-definition documents as a 
contract management technique to enforce quality and 
service levels from outsource vendors.  
 
Shared standards reduce specificity and provide a form of 
embedded control (Sanchez & Mahoney 1996) that 
reduces search, monitoring, and enforcement costs, thus 
allowing firms to efficiently exchange with multiple 
partners. This consequently lessens the firm’s incentive to 
integrate these activities within the firm, and frees the firm 
to pursue the advantages of flexibility when there are high 
levels of input and demand heterogeneity. In essence, firms 
in industries with formal standards will be more responsive 
to the heterogeneity in their environments.  
Hypothesis 2: The positive relationship between 
heterogeneity and the adoption of modular organizational 
forms will be stronger for those industries that have 
formalized standards as compared to those industries that 
do not have standards. 
 
Inertia and the Influence of Urgency. Though the 
organizations characterizing an industry should adapt (or 
be selected for) over time in pursuit of greater fitness, 
organizations are characterized by inertia which may cause 
them to adapt more slowly than the demands in their 
environment shift. Organizations often resist change, and 
even when managers have decided to embrace change they 
may face great uncertainty about the appropriate course of 
action (Hannan & Freeman 1977; Stinchcombe 1965). 
Factors such as rapid technological change or competitive 
intensity can create urgency in the environment, 
compelling firms to more vigorously adapt to the demands 
of the environment. 
 
Rapid technological change has often been cited as a 
primary factor driving the adoption of modular 
organizational forms (Baldwin & Clark 1997; Snow, Miles 
& Coleman 1992). High-speed technological change 
causes product markets to rapidly transform. Product life 
cycles shorten and innovation becomes the primary driver 
of competition. When technology is progressing rapidly, 
the firm desires flexibility to respond more quickly or 
easily to changing demands (Lei, Hitt & Goldhar 1996). If 
there are heterogeneous inputs and heterogeneous 
demands, high-speed technological change may provide 
additional impetus for firms to employ loose coupling to 
enable the rapid recombination of heterogeneous inputs 
into multiple configurations.  



 
Moreover, when inputs or demands are heterogeneous, 
technological change may also make specialization more 
attractive to the firm due to learning curve advantages. A 
highly specialized firm may be able to more rapidly 
progress along a narrowly focused learning curve than one 
that must deploy its efforts over a wide range of learning 
curves. Thus, high-speed change may encourage the firm 
to become more specialized and to utilize loose coupling to 
obtain other necessary production activities. This argument 
is widely supported by evidence that firms use alliances to 
gain technologies (or other capabilities) more quickly than 
they could develop them in-house (Harbison & Pekar 
1998). Thus, an industry's firms may be more responsive to 
pressures for flexibility when the rate of technological 
change is high than when it is low. 
Hypothesis 3: The positive relationship between 
heterogeneity and the adoption of modular organizational 
forms will be stronger for those industries that have high 
levels of technological change as compared to those 
industries that have low levels of technological change. 

 
In highly competitive environments, firms must achieve a 
close fit with the environment's demands, and must do so 
quickly in order to survive--there is little leeway for firms 
to delay undertaking necessary change. Competitive 
intensity is therefore likely to prompt one or more 
competitors in the industry to overcome their inertia, and 
adopt an organizational form that achieves a better fit with 
the level of heterogeneity in the production process.  
Further, in highly competitive industries, as soon as one or 
a few organizations attain a better fit, other firms may have 
to follow suit in order to survive. Thus, in an industry with 
strong pressures for flexibility, a high degree of 
competitive intensity will increase the likelihood of firms  

in the industry adopting more modular organizational 
forms. This line of reasoning is consistent with recent 
conventional wisdom regarding globalization and changing 
organizational forms. Several authors have speculated that  
the globalization of markets has encouraged organizational 
disaggregation (Snow, Miles & Coleman 1992). In 
essence, globalization increases the competitive intensity 
of a market, enhancing firms’ responsiveness to the 
demands of their environments. 
Hypothesis 4: The positive relationship between 
heterogeneity and the adoption of modular organizational 
forms will be stronger for those industries that have high 
levels of competitive intensity as compared to those 
industries that have lower levels of competitive intensity. 

Methods and Results  
To test the hypotheses, data was gathered on every U.S. 
manufacturing industry at the four-digit SIC level. After 
eliminating those industries for which data is not available 
for every variable (some four-digit industries have so few 
firms that data for them is not reported) we were left with 
330 industries. To improve inferences of causation, we 
employed a time lag of five years between the 
heterogeneity variables (for which data is from 1992) and 
the modular organizational form variables (use of contract 
manufacturing, alternative work arrangements, and 
alliance formation, for which data is from 1997). Full 
details of the measures and analysis are provided in 
Schilling and Steensma (2001). 
 
Hypothesis 1 suggests that, in general, heterogeneity in the 
production process will lead to a greater use of modular 
organizational forms. The restricted models (direct effects 
only) of Table 1 show that heterogeneity has a direct and 

TABLE 1:Hierarchical Moderated Regression Models for the use of Modular Organizational Formsa 
 Overall modularity Alliance formation Alternative work 

arrangements 
Contract manufacturing 

Variables Restricted Full Restricted Full Restricted Full Restricted Full 
Constant -.27† -.15 .08*** .07*** .02*** .02*** .04*** .05*** 
Control         
Labor intensity 
 

-5.12 -9.01 -3.58† -4.78† .03 -.02 .59 .82 

Direct Effects         
Heterogeneity of production process 
 

.27*** .13† .03*** .01 .003*** .003**
* 

-.001 -.001 

Technological change 
 

12.22* 3.38 3.26*** 2.80*** .08† -.02 -.35† -.46† 

Competitive intensity 
 

-.07 -.02 -.05* .08** -.002* -.006** .02*** .04*** 

Industry standards 
 

.35* .27† .04† .03 .003 .003† .003 -.002 

Indirect Effects         
Technological change X Heterogeneity 
 

 11.42*  .49  .14**  .16 

Competitive intensity X Heterogeneity  -.02  .01*  .002**  -.009*** 
Industry standards X Heterogeneity  .17†  .04*  -.001  .003 

R2 .09*** .12*** .13*** .15*** .07*** .10*** .06** .11*** 

∆R2  .03*  .02*  .03**  .05*** 

N = 330;  * p <.05, ** p < .01, *** p < .001;  Significance levels refer to the F-statistics associated with variance explained 



positive influence on overall modularity, alliance 
formation, and the use of alternative work arrangements 
(p<.001). Heterogeneity was not a significant influence on 
contract manufacturing. With the exception of contract 
manufacturing, hypothesis 1 is supported. Hypothesis 2 
proposes that the existence of industry standards moderates 
the influence of production process heterogeneity on the 
adoption of modular organizational forms. Specifically, 
heterogeneity is posited to have a stronger positive effect 
on the use of modular organizational forms for those 
industries that have formalized industry standards. The full 
models of Table 1 add the hypothesized interaction terms 
between heterogeneity and the moderators. As a set, they 
significantly improve on the restricted models (direct 
effects only) across all dependent variables as indicated by 
the change in the R2. Moreover, the coefficient for the 
industry standards interaction is significant and positively 
signed for overall modularity (p<.1) and alliance formation 
(p<.05). Thus, hypothesis 2 is supported, particularly in the 
case of alliance formation.  
 
In hypothesis 3, we suggest that heterogeneity will be more 
strongly related to the adoption of modular organizational 
forms for those industries that have high levels of 
technological change as compared to industries with low 
levels of technological change. The interaction terms 
involving technological change are positive and significant 
for overall modularity (p<.05) and the use of alternative 
work arrangements (p<.05). Thus, there is support for 
hypothesis 3, particularly for the use of alternative work 
arrangements. 
 
Hypothesis 4 contends that competitive intensity enhances 
the positive relationship between heterogeneity of the 
production process and the use of modular organizational 
forms. As expected, the interaction terms involving 
competitive intensity were significant and positive for 
alliance formation and the use of alternative work 
arrangements. However, contrary to expectations, 
competitive intensity appears to dampen this relationship 
for contract manufacturing. Thus, hypothesis 4 is partially 
supported, particularly for alliance formation and the use 
of alternative work arrangements. 

Discussion 
The major finding is that, in general, the heterogeneity of 
the production process in terms of inputs and demands for 
a given industry is positively associated with the level of 
modularity across industries. It appears that firms in 
industries that exhibit a high level of production process 
heterogeneity place greater value on the flexibility 
provided by modular organizational forms such as 
alliances and the use of alternative work arrangements than 
do firms in industries with less heterogeneity.   
 

However, the strength of this relationship between 
production process heterogeneity and the use of modular 
organizational forms depends in part on other 
characteristics of the industry. We argued that industry 
standards reduce the need for integration and thereby 
facilitate the pursuit of modular forms when heterogeneity 
provides the pressure for such flexibility. Moreover, 
technological change and competitive intensity within an 
industry provide the urgency and impetus for firms to 
adopt modular organizational forms when heterogeneity is 
high. Our results provide some support for this line of 
reasoning.  
Although not hypothesized, our results also suggest a 
general direct positive relationship between technological 
change and the use of modular organizational forms. 
Though technological change was hypothesized to 
moderate the relationship between input and demand 
heterogeneity and the adoption of modular organizational 
forms, it is also possible that rapid technological change 
may be experienced as demand heterogeneity by the firm: 
for any given time period, the more rapidly demands are 
changing, the more kinds of demands the firm will be 
required to meet. Therefore, rapid technological change 
might directly increase the pressure for flexibility.  
 
These results suggest support both to the causal model 
proposed for general modular systems, and for the 
hypothesis posed for the specific case of modular 
organizational forms. However, the study here also has 
certain limitations. One of the complications of testing a 
model of the factors driving the adoption of modular forms 
is the coevolutionary nature of system form and the nature 
of environment. For example, the increased component 
specialization and enhanced flexibility of modular 
production configurations may foster the development of 
even more heterogeneous inputs and demands, and may 
increase the pace of technological change. Similarly, 
increased flexibility in end configurations may inspire 
customers to consider a wider range of production 
possibilities, causing them to seek even more idiosyncratic 
solutions. If modular organizational systems are more 
effective or efficient at new product development, their 
adoption could also lead to more rapid technological 
change. Future studies might be able to conduct a stronger 
test of causation by examining one or more particular 
modularity events in detail. A significant event involving a 
major, identifiable shift toward either increasing or 
decreasing modularity may offer a "natural experiment" by 
which to examine these forces. 
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