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 Research on the link between technology and organization is as at least as old 

as the Carnegie tradition and structural contingency theory (Lawrence & Lorsch, 

1967; March & Simon, 1958). It has been recently rejuvenated by the contributions of 

several scholars who have used the principles of modularity to understand the internal 

organization and boundaries of firms (Baldwin & Clark, 2000; Ethiraj & Levinthal, 

2004; Galunic & Eisenhardt, 2001; Helfat & Eisenhardt, 2000; Langlois, 2001; 

Sanchez & Mahoney, 1996; Schilling, 2000). The key insights that this literature 

provides reflect Simon’s early discussion of the architecture of complexity (Simon, 

1962). Simon argued that chunking complex systems into sub-systems resulted in 

several benefits – specialization, accountability, lowered costs of coordination across 

sub-systems, parallelism, rapid re-configuration and the localization of disruptions.  

Within the literature on modularity and organization, explanations of firm 

boundaries as well as of intra-organizational structure often draw on the idea that 

modular interfaces partition complex activity systems. In particular, there are two 

ways in which this idea is presented in the literature. The first proposes a link between 

product and organizational modularity (Baldwin & Clark, 2000; Puranam, 2001; 

Sanchez & Mahoney, 1996; Schilling & Steensma, 2001), whereas the second extends 

this link to ownership (Hoetker, 2002; Schilling & Steensma, 2001), suggesting that 

modular production enables market based linkages between activities. The idea that 

modularity in production can influence modularity in organization and ownership is 

one of the explicit contributions of the modularity literature to the study of 

organizations.  

While undoubtedly useful, this line of thinking leaves several key questions 

unanswered. While the thrust of the modularity and organization literature is that 

modularity at one level (product) may be associated to modularity at another level 
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(see Sanchez and Mahoney, 1996 for the original statement), the limited empirical 

literature presents conflicting accounts. Modularity at the product level does not 

appear imply modularity in terms of organization (Brusoni & Prencipe, 2001), and 

organizations are often less clearly “encapsulated” than the products they sell 

(Brusoni, Prencipe, & Pavitt, 2001). It also appears that modularity of organization is 

neither necessary for modularity of ownership; nor that unified ownership precludes 

organizational modularity (Jacobides & Billinger, Forthcoming). We identify three 

specific shortcomings in the literature that we hope to address in this paper. 

First, the interfaces that partition activity into modular subsystems are treated 

more or less exogenously, with little indication of where they come from. This 

omission makes the modularity literature somewhat vulnerable to a charge of 

technological determinism. While some studies have begun to use simulation models 

to focus on the dynamics of the search processes underlying the discovery of 

interfaces (Ethiraj & Levinthal, 2004; Rivkin & Siggelkow, 2003), these studies treat 

interface design primarily as a problem of discovering underlying interaction 

structure. The coordination and incentive problems that are associated with interface 

design, and heterogeneity across organizations in the interface specification process 

are not explored in much detail. In the context of vertical integration, some recent 

case based research examines why vertical dis-integration emerges and is solidified, 

and when re-integration takes hold (Cacciatori & Jacobides, Forthcoming; Jacobides 

& Winter, 2005) and offers a basis on which to deepen thinking about how interfaces 

emerge.  

Second, the conceptualization of modularity in this literature has a strong 

flavor of “all or nothing”- there is little scope for semi-permeable interfaces. In the 

tradition of organization design for instance, the division of labor has not (necessarily) 
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been equated with simplified interactions between the components of labor so 

divided. For instance, Lawrence and Lorsch (1967) make clear that task 

decomposition and the creation of modules (differentiation) goes hand in hand with 

mechanisms for coordination that penetrates the boundaries of the resulting modules 

(integration). In the context of inter-firm relationships, a number of authors have 

commented on the existence of fairly thick forms of coordination between as well as 

within firms – far from being partitioned off from each other through thin interfaces, 

there may often be substantial permeability of firm boundaries (Bradach & Eccles, 

1989; Grandori, 1997; Gulati, Lawrence, & Puranam, 2005). 

Finally, we are left no wiser as to why there appears to be so much variation in 

the extent to which interfaces across similar activities display wide variation in the 

extent to which they are permeable.  For instance, customer support to credit card 

users through call-centres is a fairly standardized process. Yet, anecdotal evidence 

from the call centre offshoring industry suggests that across different firms, the 

manner in which customer support and other functions are organized varies greatly, 

with no obvious performance implications. While some firms appear to have adopted 

a fairly modular form for their offshore operations, others use a more integrated 

structure. Whether firms rely on permeable or impermeable interfaces appears to rest 

on idiosyncratic features, and is not dictated solely by the task itself.  

Our goal in this paper is to tackle some of these issues, and focus in particular 

on two fronts. First, we will take a closer look at the purported linkages between 

product, organizational and ownership modularity. We aim to understand the nature 

and circumstances of such linkages, as well as the micro-foundations of why they 

exist. In particular, we focus on the formation of modular interfaces, and accounts for 

variations in the extent to which resulting interfaces are permeable. We approach this 
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by first bringing some definitional clarity to what interfaces mean in organizational 

contexts, and how product interfaces differ from organizational interfaces. Second, we 

propose a model of interface specification, and point to the sources of heterogeneity 

across organizations in interface specification. We consider both the evolutionary 

dynamics that affect interface specification over time, and the specific factors which 

lead firms to rationally choose more or less modular structures; this argues against 

“blanket” prescriptions on modular designs, that are to be found in the academic and 

practitioner press alike. We conclude with a discussion of what such a model of 

interface definition implies for the links between product, organizational and 

ownership modularity.  

Organizational Interfaces: What they are and how they work 

In most general terms, an interface describes how elements of a system 

interact with each other. When the system is a piece of hardware, such as a PC, the 

elements are various components such as motherboard, graphics chip, LCD screen 

etc. and interfaces refer to the physical and electronic connections between these 

components. When the system in question is a software program, the elements of the 

system are various sub-routines and program modules, while the interfaces refer to 

sequencing of execution, and information transfer between software modules through 

the use of common variables or data. Most relevant to our discussion, when the 

system refers to an organization, the elements are various organizational sub-units, 

and interfaces describe the nature of communication and shared decision-making 

across these sub-units, as embodied in plans, standard operating procedures, 

integrating managers and cross-unit teams (Galbraith, 1974; Tushman & Nadler, 

1978). 
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Interfaces are useful concepts to understand the architecture of complexity, 

because they demarcate the sub-systems that comprise the system as well as the 

manner in which sub-systems link to each other. It is important to note that interfaces 

refer not only to where the partitions in a complex system lie, but also the nature of 

those partitions. Three attributes of interfaces are of particular interest to students of 

modularity: a) the extent to which interfaces are “thick” or “thin”  - which captures 

the amount of interaction between elements, b) the extent to which interfaces are 

“well-specified” vs. “poorly specified”- the degree of detail with which interactions 

between the linked elements of a system can be described before they occur and c) the 

extent to which interfaces are “open” or “closed” in the sense that they are widely 

used (usable), or their use is restricted and the interfaces are proprietary to certain 

users. Open vs. closed interfaces is a sufficiently distinct concept for us to postpone 

its discussion for later in this paper; we will use it to evaluate the link between 

organizational and ownership modularity.  

To understand the distinction between thickness and specification, consider 

standard operating procedures that may allow two units to exchange large volumes of 

information through technological systems or engage in complex coordination tasks 

but in a very structured, pre-determined format. In contrast, committees or cross-

functional teams allow for a relatively smaller volume of interaction, but of a highly 

non-structured nature, which allows for unstructured coordination (Langlois, 2001). 

This distinction between the thickness of interfaces and their specification mirrors the 

distinction drawn by Daft and Lengel (1986) between information volume and 

richness. Daft and Lengel refined earlier views on information processing (Galbraith, 

1977; Tushman & Nadler, 1978) to suggest that increasing volume of information 

exchange is only useful when problems can be framed in such a way that more 
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information leads to resolution. However, when problems are unstructured, equivocal 

and ambiguous, then it is the richness of information rather than its volume that 

matters. Communication media that permit rich information transfer are those that 

permit real-time human interactions, such as collocation, video-conferencing and 

telephones. Concepts similar to rich information transfer have been discussed by other 

scholars under names such as integrated problem solving (von Hippel, 1998), 

technical dialog (Monteverde, 1995) or qualitative coordination (Langlois, 2001). 

Summing up, the “thickness” of an interface between any two units may characterize 

the amount of information exchange and coordination between two units, but the fact 

that the interface is “poorly specified” refers to the large volume of information flow 

and coordination that is unstructured. Thus, thickness and specification are distinct 

but not orthogonal concepts; interface thickness refers to the total amount of 

coordination, whereas (the lack of) interface specification refers to the volume of 

unstructured coordination; the latter is a subset of the former.  

The distinction between thickness and specification of interfaces suggests an 

important distinction between modularity in technology and organization. In designed 

artifacts such as hardware and software, regardless of their thickness, interfaces must 

always be well-specified in a functioning product. In contrast, both thickness and 

specification of organizational interfaces matter, and they confer different kinds if 

benefits. If anything, it is possible that the critical parameter may be the degree of 

specification of interfaces – the extent to which the interface avoids the need for rich, 

unstructured coordination. This is because given the constantly falling costs of 

Information Technology (IT), the costs of transmitting large volumes of structured 

information are unlikely to prove to be binding constraints in organization design; 

however, rich unstructured coordination continues to rely significantly on face-to-face 
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communication, for which the key constraints remain human information processing 

capacities. We therefore argue that in organizations, as opposed to technological 

systems, the key issue is not complete separability and independence of action across 

sub-systems (except in a few instances where parallelism is an important benefit 

sought from modularity, which we will say more about shortly) but rather the extent 

to which the nature of interdependence is fully predictable. Interdependence between 

organizational units requires ongoing coordination and mutual adjustment between 

them (Thompson, 1967) but if such patterns of adjustment are fully predictable ex 

ante, then coordination is a “routine” affair (Gulati et al, 2005). 1  

The distinction between thin and well-specified interfaces is an important one, 

and in our view not sufficiently appreciated in the literature on organizational 

modularity. While thinness is necessary for certain benefits of modularity such as 

parallelism, in principle it is not necessary (though it doesn’t hurt) for some of the 

other benefits of modularity such as specialization, accountability, lowered 

coordination costs, rapid reconfiguration and localized disruption, as we will describe 

below; this holds as long as the costs of structured interactions between organizational 

sub-systems are relatively small, an assumption that gains growing validity as the 

costs of information transfer technologies fall continuously. We will therefore focus 

for now on the degree of specification as a key parameter that describes 

organizational interfaces.  

How do well-specified interfaces work? Essentially, by specifying in advance 

exactly what each sub-system that links to another must do.  For instance, two 

                                                 
1 We think that Thompson’ s classic treatment of interdependence does not make this point 
clearly enough, to the detriment of further development of these ideas. Reciprocal 
interdependence  refers to the circular direction of information flows without reference to the 
intrinsic difficulties involved in coordination. For extended discussions of these points, see 
Gulati, Lawrence and Puranam, 2005 and Puranam and Gulati, 205. 
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interdependent individuals may coordinate their activities by communicating and 

through joint decision-making; alternately a well-specified interface such as a 

standard operating procedure may simply specify exactly what each must do 

individually so that their joint actions are coordinated. It is in this sense that well-

specified interfaces “embed” coordination – they enable linked systems to act in a 

coordinated manner without having to explicitly engage in coordination, by 

specifying exactly what each sub-system must do in order for the aggregate system to 

work effectively (Baldwin & Clark, 2000; Ethiraj & Puranam, 2004; Sanchez & 

Mahoney, 1996). Table 1 provides some examples of well-specified and poorly 

specified organizational interfaces. Intermediate degrees of interface specification are 

also possible, arising from different weighted combinations of the high and low 

specification mechanisms. For instance, one can envisage organizational interfaces 

that rely primarily on unstructured, face–to-face coordination, on anonymous, 

standardized operating procedures, and some combination of the two. In fact, except 

in the most routinized situations, we believe that organizational interfaces are more 

often somewhere in the “swollen middle” (Hennart, 1993). 

The fact that interface specifications take the form of statements about what 

inputs a sub-system must take and what outputs it must produce has several 

organization design implications. First, well-specified organizational interfaces 

economize on the need for costly ongoing unstructured coordination between 

organizational sub-units. They make the impact of actions taken in one organizational 

unit on other organizational units as predictable as possible, so that mutual adjustment 

can take place in a fairly algorithmic fashion relying on rules, procedures and 

standards instead of joint problem solving, discussion, and negotiation. The work of 

Paul Adler (Adler, 1995) and Kirk Monteverde (Monteverde, 1995) illustrates the 
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distinction between well-specified and poorly specified interfaces between design and 

manufacturing in different industrial settings.   

Second, well-specified interfaces enhance accountability because they 

describe precisely the acceptable outputs from each sub-unit. Well-specified 

interfaces thus serve to lower measurement costs (Barzel, 1982), enabling the use of 

sharp incentives that link rewards to outputs. Zenger and Hesterley (Zenger & 

Hesterly, 1997) utilize this idea in their analysis of the increased dis-aggregation of 

corporations, which they ascribe to increased specification of organizational interfaces 

arising from innovations in IT systems and activity based accounting. Enhanced 

accountability through well-specified interfaces also implies a reduction in 

coordination risk, because units can receive positive payoffs from collaborative 

activities even when other units do not reciprocate- “as long as your unit does its part 

of the job, you will get rewarded”. As Jacobides & Billinger (2005) observed in their 

study of a textile firm, one of the most important benefits of organizational re-design 

and of the creation of well-specified interfaces was the ability to measure and incent, 

direct the allocation of resources, and avoid any costly politicking inside the 

organization (Milgrom, 1988). Furthermore, pure coordination failures of the type 

captured in matching and stag-hunt type games (games with multiple symmetric 

equilibria) can be avoided if individually “correct” actions can be recognized and 

rewarded (Camerer, 2003; Schelling, 1960; Schelling, 1978); in that sense, the 

specification of interfaces acts as a coordination device in and of itself. 

 Third, well-specified interfaces can create benefits from specialization, 

because they free up cognitive resources from the task of ongoing unstructured 

coordination between organizational units (Jacobides & Winter, 2005). The idea that 

specialization gains can arise from controlling cognitive diseconomies of scope is at 
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least as old as Adam Smith’s original description of the pin factory. Because well 

specified interfaces allow focusing cognitive resources on a narrower set of actions 

(production only as opposed to production + coordination), they can lead to static and 

dynamic improvements in performance. An illustration is the notion of component 

level innovations that appear to be promoted by modular architectures (Baldwin and 

Clark, 2000; Ethiraj and Puranam, 2004). However, it is important to bear in mind 

that such gains in component level innovation may come at the expense of system 

level innovations. No one in a neatly divided process may be able to consider 

opportunities by re-organizing the architecture of the production process (Henderson 

& Clark, 1990), and thus systemic innovation may not even be considered (Ethiraj & 

Levinthal, 2004; Siggelkow & Levinthal, 2003), or be harder to implement if 

conceived (Cacciatori & Jacobides, Forthcoming). Thus, when speaking about the 

gains from specialization and focus associated with modularization, we are implicitly 

downplaying the frequency and value from systemic innovations.  

Fourth, well-specified interfaces enable rapid reconfiguration – “mix and 

match”. Individual organizational units can be replaced by others, while maintaining 

the overall pattern of interdependence between organizational units if the 

organizational interfaces that connect them are well specified. This property lies 

behind the suitability of the M-form organization for conglomerate diversification, 

and of policies for rapid re-assignment of charters to divisions within companies 

(Galunic & Eisenhardt, 2001). Localized disruption is the other side of the same coin 

– in the limit some sub-units can be destroyed and completely replaced with another, 

with minimal implications for the activities in other units. This is at the heart of the 

fable of the two watchmakers, Tempus and Hora that Simon entertainingly recounts 

(Simon, 1962). Faced with unpredictable disruptions that destroy all interlinked 
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components, the watchmaker who adopts a modular assembly strategy with well-

specified interfaces minimizes his maximum rebuild costs. Joint ventures in risky 

domains may be organizational analogues.  

To illustrate our arguments so far, we conclude this section with an example of 

a hypothetical organizational modularization problem, using the commonly used 

device known as a task structure matrix (Baldwin & Clark, 2000). The problem is a 

stylized example of product commercialization, with the various component tasks and 

their interdependencies indicated as usual in Figure 2a. As is standard in such 

representations, an x in row j column k indicates that task j depends on task k. The 

representation allows for one-way dependence (a single x below/above the diagonal) 

or interdependence (with symmetric x’s below and above the diagonal). Figure 2b, 

shows the same problem after it has been “modularised” into three groups of tasks- 

module 1 (product design), module 2(media) and module 3(packaging). An off 

diagonal x pertains to a sequencing issue; activity i cannot be performed till activity j 

is performed. A set of x’s symmetrically above and below the axes indicates need for 

ongoing coordination- “cycling”-activity i depends on j and j depends on i.  

There are three interfaces in this representation (between module 1 and 2, 2 

and 3 and 1 and 3). The one between module 2 and 3 is the thinnest- there is no 

dependence between them at all. The activities in these two modules can in fact 

proceed in parallel, require no ongoing coordination, can be measured and 

incentivized separately, can benefit from specialization and can benefit from rapid 

reconfiguration. The interface between module 1 and 2 is still relatively thin, though 

thicker than that between modules 2 and 3. The interface between modules 1 and 3 are 

the thickest, with the most number of dependencies and interdependencies.  
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However, note that from this representation alone, we cannot say whether the 

benefits of modularity are greater at the 1-3 interface or at the 1-2 interface (though 

both are certainly lower than at the 2-3 interface).  This is because this representation 

tells us little about how specified these interfaces are – the extent to which the cross-

module interactions represented by the x’s in Figure 2 can be described in detail 

before they occur. For instance, it is clear from Figure 2b that the design of the media 

campaign cannot occur before engineering design, prototyping and manufacture; but 

what is not clear is the extent of unstructured coordination required between the 

media campaign designers ad the engineering team for the former to design an 

appropriate campaign that highlights technical features of the product appropriately. 

Indeed it is possible that this single x may represent more equivocality and need for 

unstructured coordination than the three x’s that appear in the 1-3 interface.  

We have consciously chosen an illustration that pertains to organizational 

rather than product modularity. As a contrast, one can imagine a similar diagram 

showing the sub-modules within a software programme or a piece of hardware; in 

such designed artefacts, if they are functioning well, there can be very little doubt 

about the nature of interactions. Physical tolerances, information flows, sequencing 

must all be fully specified for the artefact to function. This indicates that there do exist 

substantial differences between modularity in artefacts and in organizations; and, 

most important, it suggests that using analogies from the world of products and 

applying them to the world of organizations might be appealing, yet misleading, 

especially since the precious little empirical research in organizational modularity 

seems to confirm our arguments that there do exist substantial differences. The 

distinction between “well-specified” (vs. poorly specified) and “thick” (vs. thin) 
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interfaces may help us understand how and why modularity in products differs from 

modularity in organizations. 

Yet, this point being made, we have still not addressed one of our key 

questions: Why is it that some firms choose to have well-specified interfaces? In 

terms of our Figure 2, what happens when we want to shift between Figure 2a and 2b? 

What are the costs are incurred in moving from the first to the second figure, and 

when should an organization undertake them? Does the answer to this question vary 

in terms of the specific attributes of different organizations? Can we explain the 

abundance of different types of organizational interfaces observed in practice? We 

take up these questions in our next section.  

The costs and benefits of Organizational Interface specification over time 

With a few exceptions (Henderson & Clark, 1990), the scholarly attention 

devoted to the benefits of modularity far exceeds that devoted to the costs of creating 

modularity, and at the root of this may lie the fact that we do not have a well-

developed theory of how interfaces are designed. The field might have unwittingly 

been shaped by a fairly a-typical example- the PC industry, which was essentially 

“designed”, top-down, by one firm, IBM, which then affected the nature not only of 

the product and the organization, but of the industry as well (Baldwin & Clark 2000). 

Yet in most circumstances, there is no grand “modular designer”; and also firms, 

faced with a choice of whether to create modular interfaces or not, have to grapple 

with costs and benefits alike. 

Our goal in this section is to outline a model that describes the dynamics of 

interface formation in terms of three key variables, systemic knowledge, interface 

investments, and coordination competence. We will argue that these three variables 

are helpful in understanding why there might be heterogeneity in interface 
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specification across organizations even for the same technology – thus decoupling 

technological and organizational modularity. Once we have laid out this elementary 

model of interface specification, we will consider how the costs of designing and 

implementing interfaces varies by firm; how it changes over time; and, as a result, we 

will endeavor to explain the heterogeneity in terms of the extent of modularity 

observed in practice. 

So let us start with first principles. Since few systems are truly fully 

decomposable, knowledge about the nature of interactions between sub-systems is 

essential for defining interfaces. In novel products and services, 2 we argue, the nature 

of interactions between sub-systems, and indeed of the location of boundaries 

between sub-systems may be unknown. Yet over time, as the nature of interactions 

becomes more evident, modularity may become feasible, and potentially desirable 

(Siggelkow and Levinthal, 2003; Ethiraj and Levinthal, 2004; Jacobides and Winter, 

2005). Firms are able to create partitions once they have understood the interactions 

between the constituent parts of the system (Baldwin and Clark, 2000; Jacobides, 

2005), what we refer to as systemic knowledge.   

Interestingly, such knowledge is more likely to be gathered through 

unstructured coordination efforts than through highly structured organizational 

processes; understanding the full ramifications of changes in one sub-system to 

another sub-system is more likely if communication between them is not constrained 

by predefined topics and channels of information. Over time, as knowledge about the 

nature of interactions across sub-systems builds up because of the increased 

understanding of the underlying technical and managerial system, firms can specify 

                                                 
2 For the purposes of our framework, we do not consider the recombination of modular elements as 
being truly novel; see Jacobides & Winter (2005) for an elaboration. 
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interfaces in an effective way. It is this process of learning that arguably lies between 

Figures 2a and 2b. This leads to a key proposition in our framework: periods of 

learning about systemic interactions through unstructured coordination must precede 

interface specification. Further, such organizational learning processes are unlikely to 

follow identical trajectories across organizations (Nelson & Winter, 1982). 

Differences in initial conditions and learning rates coupled with the tendency towards 

local search will ensure significant heterogeneity across organizations in their levels 

of systemic knowledge (Cohen & Levinthal, 1990). 

Even after sufficient knowledge about the nature of interactions has been 

achieved, it nevertheless takes some investment to convert that knowledge into a 

working interface through the formulation of specifications and process redesign as 

necessary. In the world of business process offshoring, managers often note that even 

with extremely routine and low-value added processes, it is costly to specify Service 

Level Agreements and redesign processes in a manner that allows for their execution 

at a remote offshore location with little need for unstructured coordination. This one-

off investment in interface specification should display the standard economic 

property of a fixed cost – the creation of a scale economy, which in this case means 

that interface investments are more likely to be profitable (and therefore made) for 

larger initial volumes of unstructured coordination, and when longer time horizons 

are considered in estimating the benefits. Thus, differences in scale and discounting 

of future benefits can be a significant source of heterogeneity across firms in terms of 

their interface investment strategies. 

While knowledge about the nature of underlying interactions is being 

accumulated through unstructured coordination, over time the organization also 

becomes more adept at managing unstructured coordination. Repeated interactions 



 17

between coordinating individuals gives rise to trust, shared perceptions, interpersonal 

routines, and common language, which together enhance cooperation and 

coordination between them (Mayer & Argyres, 2004; Uzzi, 1997; Uzzi & Lancaster, 

2003). Therefore, over time, an organization’s competence at unstructured 

coordination improves. As with any capability accumulation process, heterogeneity 

across organizations in their coordination competence may arise from differences in 

intial conditions, accumulation rates and random perturbations (Dierrickx & Cool, 

1986).   

We contend that the inter-relationships between systemic knowledge, interface 

investment and coordination competence give rise to some interesting dynamic 

relationships, which can help to understand the heterogeneity of interface 

specification across time and between organizations. To explore these relationships 

rigorously, we present an analytical example. For the time being, we will focus on an 

intra-organizational situation, without any discussion of implications for ownership 

and firm boundaries; we discuss those matters in the next section.  

Consider an activity system inside an organization, which comprises two-sub 

activities, A and B (these could be modules 1 and 3 in Figure 2a). Let Ut represent the 

amount of unstructured coordination at time t required between activities A and B to 

ensure that interdependencies between them are appropriately coordinated. Ut is a 

convex decreasing function of the extent to which the interface linking A and B is 

specified (st). Let kt represent the cost of coordination per unit of unstructured 

coordination – it represents how difficult it is to coordinate without reliance on 

standards, rules and procedures, and instead coordinate through common knowledge 

and language, focal points and reciprocal adaptation.  Given our discussion above, Vt, 

the cumulative volume of unstructured coordination at time t is an argument for both 
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st and kt; it increases the former (past some threshold for systemic knowledge) and 

decreases the latter at decreasing rates.  Let F be the one- time investment in interface 

definition.  

The total cost of coordination in each period is therefore Ut. kt., except in the 

period in which the interface is specified, when it is Ut. kt. + F (i.e. the investment is 

fully depreciated in one period). Finally, in each period, we will assume that 

organizational performance pt consists of a fixed component, that is obtained through 

the necessary amount of unstructured coordination, and another component that is 

increasing (at a decreasing rate) in st to represent gains from specialization and 

component level innovation (net of the opportunity costs of systemic innovations not 

pursued). These latter benefits are assumed to increase at decreasing rates, 

corresponding to diminishing returns from component innovation with fixed 

architectures (Ethiraj & Puranam, 2004). With this specification, we can now examine 

some basic questions about interface design: what is the effect of interface 

specification on total coordination costs? How do differences in the accumulation of 

coordination competence and systemic knowledge about interactions influence 

differences in interface specification? Given the same basic production technology, 

which organizations are more likely to pursue modular organization with well-

specified interfaces? With some specific functional forms, we can provide graphical 

answers to the questions above (see Appendix for details).     

Figure 3 shows typical interface evolution dynamics in terms of three 

variables- the amount of unstructured coordination (Ut), the total costs of coordination 

and the interface specification (st) are shown for a non-modular (N) and modular (M) 

system. Several points are obvious graphically (and follow directly from our 

assumptions, of course): First, even in a non-modular system with no attempt at 
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interface design, the total costs of coordination decline because of increasing 

coordination competence over time. Second, interface specification does not begin in 

the first period- but only once some threshold level of systemic knowledge has been 

reached. This also corresponds to a spike in the total costs of coordination. Third, with 

a modular strategy (i.e. with some degree of interface specification), both the volume 

of unstructured coordination as well as the total costs of coordination decline over 

time; with a non-modular strategy, only the latter. Fourth, the total costs of 

coordination may be higher in a modular than a non-modular system for long periods 

of time. While it may not be discernible in Figure 3, the total costs of coordination 

with a modular strategy are actually marginally higher than those in the non-modular 

strategy after period 9. The explanation is that interface specification decreases the 

volume of coordination, and so the cumulative volume at any point in time; this in 

turn means that the earlier interfaces are specified, the lower the coordination 

competence will be compared to a non-modular strategy. (Of course, this does not 

account for the benefits of modular strategies). Thus, the level of systemic knowledge 

at which an organization decides to invest in interfaces (which itself depends on the 

horizon over which benefits are forecast and the fixed costs of interface design) can 

generate variations in the extent of interface specification, coordination competence, 

coordination volume, and total coordination costs.  

In Figure 4, we illustrate the dynamics of the relationship between systemic 

knowledge, coordination competence and organizational performance. First, in Figure 

4a we show how organizational performance varies with increasing rates of systemic 

knowledge build-up, and also show the performance for a non-modular organization 

(with the same coordination competence). In Figure 4b, we show how organizational 

performance varies with increasing rates of coordination competence build-up. The 
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asymmetry between the two figures is striking. Differences in the rates of 

coordination competence building lead to large divergences in performance over time; 

but differences in performance due to differences in the rate at which systemic 

knowledge builds up eventually diminish. Thus, larger systemic knowledge 

accumulation rates appear to offer short-term gains that decrease over time. Why is 

this so?  

The answer lies in a fundamental asymmetry between the two organizational 

attributes - increasing the rate at which systemic knowledge increases, actually 

impedes the development of coordination competence, but increasing coordination 

competence has no direct effect on systemic knowledge per se.3 Modularity provides 

advantages over non-modular strategies only as long as the gains from specialization 

and component level innovation offset these enhanced coordination costs. This may 

not happen as the gains from modularity reach diminishing returns. An additional 

interesting implication is that that if we had two organizations beginning at the same 

level of coordination competence, over time the coordination competence of the one 

which adopts a modularity strategy will be smaller than that of the other, resulting in 

increases in the total costs of coordination. This is an important consideration if we 

believe that rarely but surely, exogenous shocks to the system change underlying 

patterns of interdependencies and necessitate the re-learning of systemic knowledge. 

This is one way in which modular interface based organization designs are self-

perpetuating and yet may contain the seeds of their own demise (Cacciatori & 

Jacobides, 2005; Jacobides & Winter, 2005). 

                                                 
3 This result of course arises from the assumption that absent well-specified interfaces, a constant 
amount of unstructured coordination is necessary to ensure that interdependencies between activities 
are appropriately coordinated. 
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Finally, in Figure 5, we illustrate the decision making of a single organization 

in terms of when (and whether) to invest in well-specified interfaces. We plot the 

difference in performance for a modular and non-modular strategy over time, as a 

function of different rates of coordination competence building and accumulation of 

systemic knowledge. Figure 5a is entirely consistent with Figures 4a, which suggest 

that the gains from modularity are front-loaded, and diminish over time. The greater 

the amount of systemic knowledge an organization can build up rapidly, the larger 

these gains, and the longer it takes for them to diminish to a higher asymptotic level.  

However, the effect of coordination competence is more complex; the short-

term gains from modular forms are greatest for organizations that are slow to build 

coordination competence, though these gains begin to decline rapidly. However, for 

organizations with very high coordination competence, the gains from modularity 

actually appear to increase gradually over time. The implications are that 

organizations that can rapidly accumulate systemic knowledge but not coordination 

competence are likely to be the first to modularize and gain the most from it in the 

short term. Further, there may be interactions between discount factors and 

coordination competence in determining if organizations choose to adopt a modular 

form. 

Summing up, we have proposed that interfaces specification is likely to differ 

for organizations for three fundamental reasons. The first is that the costs of interface 

specification often operate as a fixed expenditure, and as such scale of operations, and 

expected horizon of benefits determines when and if they are adopted. The second is 

that the relative capabilities of firms in terms of systemic knowledge, coordination 

competence, and the ability to design and implement interfaces varies. And the third 

is that there is a life-cycle, a normal entropy in the productive system which affects 
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our variables in predictable ways: As time evolves, interdependencies become better 

understood, yet the costs of managing interactions throughout the organization also 

decline. The relative rates of decline of these factors will determine whether interfaces 

still will be desirable or not.  

This illustration suggests that the evolutionary dynamics of interface design 

interact with the heterogeneity of firms, and as such even small initial differences can 

lead to a sustainable and economically rational heterogeneity in terms of the use of 

interfaces. If to that we add divergence of opinion between firms (or divergence of 

strategy) with regards to the importance of specialization, benefits from rapid 

reconfiguration and parallelism, it is evident that homogeneity with regards to the 

nature and extent of use of interfaces by organizations is highly unlikely. 

Interfaces and Boundaries of Organization vs. Boundaries of Ownership 

Our analysis so far has considered the benefits that arise from modularity 

within organizations. What (if anything) changes when the discussion moves to an 

inter-firm, rather than an intra-firm setting? Is organizational modularity a necessary 

or sufficient condition to engender ownership modularity, and as such we ask if intra-

organizational modularity inescapably leads to and is required for inter-organizational 

modularity.  We approach these questions by asking if the variables we have used to 

analyze interface formation change when the prospective interface sits on the 

ownership boundary between two firms, rather than the organizational boundary 

between two organizational units. We will argue that some firms might find it useful 

to have organizational modularity, without having modular ownership structures and 

becoming vertically specialized; and, conversely, that some firms might want to make 
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good use of outside parties, and engage in vertical specialization or in tapered 

integration without using modular structures.  

The benefits and costs of interfaces between firms 

In keeping with standard theoretical treatments about firm boundaries, we 

make two assumptions about the difference between intra-and inter-firm contexts: 

first, that there is lesser incentive conflict between the two parties interacting through 

an interface when both are part of the same firm than when they are not (Williamson, 

1985; Williamson, 1991); and second, that costs of unstructured coordination between 

the two parties is lower when both are part of the same firm than when they are not 

(Kogut & Zander, 1992, 1996). These two assumptions characterize transaction cost 

and the knowledge based perspective respectively, and a point of contention between 

the theorists is the sufficiency of each as an explanation of firm boundaries (Foss, 

1996). However, that is not our focus; we are making both assumptions with a view to 

understanding how interfaces evolve and confer benefits within the inter-firm context.  

 Analogously to the intra-firm context, we discuss several the gains from well-

specified interfaces between firms as well as the costs of defining such interfaces. We 

focus on highlighting the differences between the inter- and intra-firm context to 

avoid repetition.  

First, interfaces economize on costly inter-firm coordination. Unstructured 

coordination in general is costly but more so when it between firms; within firms 

coordination competence may develop faster– common language, low-powered 

incentives, propinquity, identification- starting from similar initial levels. This caveat 

is very important because an existing historical relationship between coordinating 

parties in different firms may have higher coordination competence level than a de 
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novo one initiated within a firm. This means that the benefits from well-specified 

interfaces will be larger in the case of de novo relationships than more established 

ones. However, the design of interfaces may involve conflicts of interest that we 

could ignore in our earlier discussion of the intra-firm context, but cannot do so in the 

context of inter-firm relationships. So far, we pretended that having knowledge of the 

underlying interaction structure is all that is needed to design an interface; actually, 

selecting the appropriate interface may be more like a coordination game- with 

multiple equilibria, on which different people may have different preferences. Two 

organizational units within a firm may have different preferences on which interface 

to select, but agreement will eventually be reached through the intervention of higher 

authority, if necessary (Williamson, 1991). By definition, such a final and effective 

arbitrator is not available when two independent firms disagree on the interface that 

they prefer. The general implication is-it is harder to create interfaces between rather 

than within firms; but if an interface exists, it is easier to do business with external 

organizations. 

 Second, since well-specified interfaces provide clear descriptions of 

acceptable outputs, they can result in lower costs of selecting and finding trading 

partners, and contracting with them. Well-specified interfaces can thus help in terms 

of reducing the costs of using the market. They reduce the frictional, Coasean 

Transaction Costs, i.e. the costs of selecting, monitoring and identifying outside 

partners. These costs, as Baldwin and Clark (2003) remark, are often a substantial 

(even if not insurmountable) obstacle to market exchange and interfaces alleviate the 

need for measurement and assessment (Barzel, 1982). Furthermore, interfaces 

facilitate the use of external parties since they provide objective measures of 

acceptable performance, which makes contracting easier (Grossman & Hart, 1986).  
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Third, well-specified interfaces can enable gains from specialization as we 

have already discussed in the intra-organizational context.  In the inter-firm context, 

the additional feature is that the formation of well-specified interfaces can be 

motivated by the gains from trade that can emerge when less efficient in-house 

operations are abandoned and substituted by outside providers (Jacobides & Hitt, 

2005); or the gains from specialization which obtain when firms focus where they can 

leverage and develop their competencies (Jacobides & Winter, 2005).4 For instance, 

casual observation suggests that a fair amount of investment in process redesign in 

order to create well-specified interfaces is common before firms undertake business 

process off-shoring, though the extent of this modularization process varies 

significantly across firms (Srikanth, 2005). 

Fourth, interfaces deliver the benefits of rapid reconfiguration even within the 

inter-firm setting. They can enable firms to switch trading partners rapidly, as Hoetker 

shows is possible in the laptop industry (202). However, it is important to distinguish 

specificity and specification- a well specified interface, if it is not an industry standard 

may require significant relationship specific investment and create hold-up hazards 

(Grossman & Hart, 1986; Williamson, 1991). Thus rapid reconfiguration benefits in 

the inter-firm context are only feasible when interfaces are not only well specified, but 

open and widely used. But why do some interfaces become industry standards?  

Whether a well-specified interface between two activities becomes an industry 

standard depends on two factors; first, whether the firm that originally defined them 

                                                 
4 It is important to keep in mind that since we are discussing the incentives of an 
individual firm to invest in an interface, the gains from specialization must be large 
enough for it to be in the interests of individual firms to gain from interface 
specification ad outsourcing, and not just efficiency enhancing at some global level, 
unless we assume that selection pressures are indeed highly effective. 
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prefers to keep them proprietary or “open”, and second, conditional on their being 

open, such interfaces becoming widely adopted in order to become the industry 

standard.  Once a firm has decided to “open” an interface, whether it becomes an 

industry standard depends on a fairly well understood process of adoption under 

network externalities (Katz & Shapiro, 1994); we therefore focus on the decision 

firms face in making their interfaces open. As others have recently argued (Ethiraj and 

Roy, 2005; Pil and MacDuffie, 2005), there are substantial risks even in articulating 

interfaces, inasmuch as this reveals the architectural knowledge of an organization 

and makes it liable to imitation. Much more so, creating interfaces that are open, and 

can be used not only by suppliers but by other firms provides additional mechanisms 

for competitors to catch up on the focal firm’s gains from specialization. Accepting 

the inevitability of the above dynamics, provides offsetting benefits from being able 

to lead industry standards definition in a way that is beneficial to the focal firm 

(Ethiraj & Puranam, 2004; Garud & Kumaraswamy, 1995), and to overcome the 

reluctance of external parties to customize to the focal firm’s idiosyncratic interface 

without appropriate safe-guards against hold-up.  

To sum up, there are gains to using well-defined interfaces between firms once 

they exist and are widely used, though it is by no means certain that such potential 

gains imply a strong linkage between product and ownership modularity. When inter-

firm costs of coordination and contracting are small to begin with for reasons having 

largely to do with a history of prior interactions (Uzzi, 1997; Uzzi & Lancaster, 

2003), when the gains from specialization are small (Jacobides & Winter, 2005) or if 

systemic innovations that reduce the value of current systemic knowledge are 

anticipated, ownership may remain integrated despite the existence of well-specified  
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interfaces to potentially dis-integrate the firm. Further, while existing well-specified 

interfaces may make inter-firm coordination easier, they are much harder to create 

between rather than within firms, because unstructured coordination, the precursor to 

interface specification (via enhanced systemic knowledge) is more expensive between 

firms, and conflicts of interest over which interface to adopt cannot be resolved as 

effectively. Thus, the link between technological and ownership modularity is not 

very strong, with substantial scope for heterogeneity in observed outcomes arising 

from idiosyncratic firm and industry level factors.    

Conclusions: Product, Organizational and Ownership modularity 

Our arguments can be summarized thus: the links between product, 

organizational and ownership modularity are likely to be tenuous on average, with 

variation emerging from systematic organizational sources. Perhaps the strongest 

links between the three should be expected in settings where substantial systemic 

knowledge has accumulated and interfaces have become industry standards. This 

sounds to us like a good description of the PC industry, and may account for the over-

emphasis on this setting as a source of data and illustrations for arguments about 

modularity in technology and organizations. To build a more nuanced understanding 

about how technology, organization and ownership interact, we may require to 

actively pursue other settings in which systemic knowledge is still building and 

interfaces have yet to become standards. 

Specifically, we see this paper (despite its early stage of development) as 

making the following contributions. First, technological interfaces in products differ 

in important ways from organizational interfaces; while the former must be well 

specified (but may be either thin or thick), the latter need not be. In fact, from an 
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organizational standpoint, thin interfaces are not necessary for most of the gains from 

modularity. Conversely, variations in the degree of interface specification are 

important from an organization design perspective, because of gains from reduced 

coordination costs and enhanced accountability; these concepts have no good 

analogues in product modularity.  

Second, the differences between product and organizational modularity 

become even more pronounced as we look closer at the process of interface 

formation. We have argued that three variables, systemic knowledge, interface 

investments, and coordination competence are very useful to understand the dynamics 

of interface formation. Since unstructured coordination is an important means by 

which systemic knowledge is gained, an implication of our arguments is that in novel 

products, non-modular organizations may be necessary to develop modular products. 

Thus, the link between technological and organizational modularity may be stronger 

in mature technological settings rather than in settings with considerable novelty; 

existing levels of systemic knowledge may be a powerful moderating variable that 

helps to reconcile seemingly incommensurate results on the links between product 

and organizational modularity.  

Third, we have suggested that variations in organizational attributes such as 

systemic knowledge, interface investment decisions, and coordination competence 

can generate considerable variations in the rates of adoption of organizational 

modularity and the degree of interface specification, even for the same basic 

technologies. Elaborating on this analytical framework may help us to provide a 

sophisticated rebuttal to the critique of technological determinism that often hovers 

over the literature on technological and organizational modularity. We have also 

sketched out arguments for why ownership may remain integrated despite the 
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existence of organizational interfaces, and conversely why interfaces may never form 

despite ownership already being separated (this can occur if coordination competence 

is high without a correspondingly high level of systemic knowledge and benefits from 

modularity).   

Reflecting the early stage of this paper, we have not discussed in detail some 

of possible applications of these ideas to problems of organizational and industry 

evolution. Nonetheless, we believe such potential exists. Understanding the costs and 

benefits of organizational interfaces can provide a powerful theoretical lens to study 

phenomena such as the separation and linkages between organizational zones of static 

and dynamic efficiency (Puranam, Singh, & Zollo, Forthcoming; Siggelkow & 

Levinthal, 2003; Tushman & O'Reilly, 1996), re-organizations (Gulati and Puranam, 

2004) and departmentalization. These ideas are also useful to understand industry 

evolution and the cycles of re-and de-integration across value chains (Jacobides, 

2005; Jacobides & Winter, 2005).  

From a broader theoretical perspective, our research helps address a seeming 

inconsistency in the knowledge based view of the firm. For instance, Nickerson and 

Zenger (2004) recently argued that “the two fundamental arguments within the 

literature that support the efficiency of firms relative to markets in knowledge 

exchange are fully contradictory. One claims that hierarchies essentially exist to avoid 

knowledge transfer, emphasizing the firm’s capacity to exercise authority in directing 

others actions. The other view claims that hierarchies exist instead to facilitate 

knowledge transfer, emphasizing the firm’s capacity to support the formation of 

shared language and identity”.  We believe that our discussion shows that far from 

being contradictory, these two views are complementary: On the basis of the 

evolutionary dynamics we described, extensive knowledge sharing enhances interface 
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specification which thereafter reduces the need for extensive knowledge sharing over 

time. The apparent inconsistency highlighted by Nickerson and Zenger disappears if 

we recognize that the two advantages of hierarchies apply at different levels of 

systemic knowledge (Nickerson & Zenger, 2004). 

If it does nothing else, we hope that our discussion cautions that any overall, 

blanket prescription with regard to the extent and nature of modularity is likely to be 

inaccurate, or misleading. We hope that the framework developed in this paper will 

help understand both the benefits and the costs of specifying interfaces as well as their 

dynamic properties, and lead to a more balanced, empirically grounded descriptive 

theory, as well as more robust prescriptions for organizational and ownership design. 
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 Highly specified Poorly specified 

Organizational 
interfaces 

Reliance on Rules 
& regulations, 
Formal information 
systems, Standards 

Reliance on cross-
unit teams, 
Committees, 
Integration managers 

Instances Design for 
Manufacturing 
processes(Puranam 
et al., 
Forthcoming); 
Financial reporting 
systems in 
conglomerates 
(Markides & 
Williamson, 1996) 

Cross-functional 
teams in product 
development (Iansiti, 
1998); collocation of 
engineers in 
procurement 
relationships (Dyer, 
1996); structural 
integration in 
technology 
acquisitions 
(Puranam, 2001)  

Table 1: Well and poorly specified organizational interfaces 
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Figure 2a 
 
 

 
Figure 2b

Task Structure Matrix

1 2 3 4 5 6 7 8 9 10
1 Initial engineering design X
2 Design packaging X X
3 Market research X X
4 Manufacture X X X  
5 Pick creative team  X
6 Finalize media capmpaign X X X
7 Select packaging material X X     
8 Prototyping X X X
9 Select ad agency  X

10 Design media campaign X  X X X

Modularized Task Structure Matrix

1 3 8 4 9 5 10 6 7 2
1Initial engineering design X X
3Market research X X
8Prototyping X X X
4Manufacture X X X
9Select ad agency  X
5Pick creative team  X

10Design media campaign X  X X X
6Finalize media capmpaign X X X
7Select packaging material X     X
2Design packaging X X
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The dynamics of interface evolution 
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Organizational performance and systemic knowledge
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Organizational performance and coordination competence 
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Gains from modular forms and systemic knowledge
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Gains from modular forms and coordination competence
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Appendix 

To illustrate our arguments about the dynamics of interface formation, we employ the 

following functional forms to simulate the behaviour of the system we describe in the 

paper. The volume of unstructured coordination at time t is given by  

 

and cumulative volume of unstructured coordination at time t is 

 

st is the interface specification  at time t, which is itself given by 

 

where, θ [0,1]  represents a parameter that scales the rate at which accumulated 

volume of unstructured coordination gets converted into interface specification- θ is 

thus a measure of systemic knowledge building. The coordination competence at time 

t is given by 1-kt where 

 

and the parameter α captures the rate at which cumulative volume of unstructured 

coordination is converted into lower unit costs of unstructured coordination. α thus 

captures  the rate at which coordination competence is built.  The benefits from 

modular well-specified interfaces are given by   

 

where γ is a scaling parameter. 


