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‘Outsourcing and ever higher levels of external value added are the

way of the future.’ (Scholfield and Henry 1996, p.20)

By the year 2020, a major mode of passenger transportation will be the modular automobile, an

automobile consumers will buy, possibly over the Internet, by choosing base modules like the body,

chassis, doors, an engine, and a transmission,  and adding feature modules like seats, cockpit, and other

interior items. The familiar brand names such as Ford and Toyota might remain, but the major source

of added value will not be with the auto makers, but with the suppliers of electronics and other

functional systems and with the suppliers of the major modules.  This is a plausible future scenario,

particularly if the likes of Delphi, Siemens,  Lear/UTA, Meritor, and Sommer Allibert have their way.

This paper provides the largely conceptual discussion necessary for a proper study of trends towards

the modularization of the automobile taking place in the global auto industry.  Imprecise definitions of

modules and systems have created confusion, hindered progress in making future projections and

prevented systematic analysis. The first part of the paper clarifies the definition of modularity by

distinguishing, along the lines of Baldwin and Clark (1997), among modularity-in-design, modularity-

in-production, and modularity-in-use.2  It becomes clear that the definition shifts and changes as one

moves from one type of modularity to another.  Also the optimal number and boundary of the modules

differ according to which of these objectives is given more weight.   The second part of the paper

explores the processes through which these boundary choices are made.  An optimisation framework is

used to clarify both the static and dynamic solutions to these problems.

In the third part of the paper we turn from the boundaries of modules to explore the impact of

modularity on the boundaries of the enterprise and the industry structure.  We note that although there

has been some discussion of the influence of modularity on organisation design, little consideration has

been given to the changes modularity will bring to the organisation of research, development and

production.   Modularity-in-design and modularity-in-production give greater scope for choosing

among alternative ownership structures.  But the exact choice of ownership depends on labour and

capital market conditions as well as on corporate strategy.  Further, at an industry level, we point out

how modularity will influence overall industry structure, and may be an important force behind

mergers and acquisitions.

In effect, the major contribution of this paper is two-fold.  The first is in concept clarification.  The

second is in drawing out the implications of modularity for organisational design and the relative merits

and demerits of the coordination of modular products within markets and hierarchies.

                                                          
2 Although Baldwin and Clark (1997) identify the three types of modularity, they focus mainly on
modularity-in-design and do not explore explicitly the links among the three types.



1. The Three Arenas of Modularity: MID, MIP and MIU

Modularity is a concept that has been applied to a wide range of fields that deal with complex systems.

A productive way to manage a complex system is to decompose it into constituent parts that might

break apart ‘naturally’ without destroying the integrity of the whole.  At the heart of this idea of a

"natural” break is the principle that parameters and tasks are interdependent within and independent

across modules. (Baldwin and Clark 1997 Chapter 2 p.32). Independence of modules implies that

changes made in one module do not affect other modules in the overall product.  Nor do such changes

decrease the overall performance of the product.

1.1 Modularity-in-Design (MID)

The most rigorous and clear-cut definition of modularity exists in the arena of product design.

Designers of complex products start with the idea of a product architecture, which is the scheme by

which the function of a product is allocated to physical components.  Broadly speaking, a product

architecture may be either modular or integral.  A modular architecture includes a one-to-one mapping

from functional elements in the functional structure to the physical components of the product, and

specifies de-coupled interfaces between components.  An integral architecture includes a complex (non

one-to-one) mapping from functional elements to physical components and/or coupled interfaces

between components (two components are coupled if a change made to one component requires a

change to the other component in order for the overall product to work correctly) (Ulrich 1995).  Note

that in Ulrich’s definition of a modular product architecture, each identified physical component may

be a small single part, such as a connector, or a large sub-assembly like a car seat.3

Designers of a complex artefact such as a car primarily look for a modular product architecture in order

to make the overall design task manageable.  Manageability derives from the fact that designers first

settle on an architecture that allows independence of structure and integration of functions to co-exist.

In theory, therefore, in a modular architecture, there is a division of labour between architects who first

split a product into modules, and those who work within the parameters of a specific module. The latter

group needs to know only about the specific module and the ‘global design rules’ which ensure that the

module can be integrated into the larger system, while architects must possess the requisite knowledge

of parameter and task interdependencies of the whole product.  [The resulting module independence

means that incremental innovation can occur freely within each module without affecting the overall

architecture, although this design strategy may lead to the detrimental ossification of architectural

design, a point first made by Henderson and Clark (1990).]

                                                          
3 The recent interest in modularization in the car industry is focused around the latter type, hence the
sometimes confusing inter-changeable use of the terms ‘modules’ and ‘sub-assemblies’.  Modules are a
specific sub-category of sub-assemblies which satisfy the ‘independence between but interdependence
within’ criterion of modularity.



Design modularization was first successfully applied to computer hardware, in particular to IBM’s

System/360 (Baldwin and Clark 1997 Chapter 5). The basic modules for the 360 include the hard drive,

xxx.  The PC represents a further refinement of the modular architecture of the computer and included

xxx.  In all cases, functionality can be mapped directly and completely to individual modules.

Similarly, in VLSI design, modules can be picked off the shelf and combined (Whitney 1996).

Modular architecture seems to be possible, and widespread, in electronic systems.

By contrast, although the basic architecture of an automobile is fairly stable, it is said that there are

many aspects of the linkages within the electro-mechanical architecture that are not yet fully

understood.   For example, to achieve a particular noise/vibration/harshness (NVH) level at different

maximum speeds, engineers need a deeper understanding of the subtle linkage between the body,

chassis, engine, and drive-train.  This means that without the integration capability of vehicle

manufacturers, the body, chassis, engine, and drive-train produced by separate suppliers each with their

own specialised systems knowledge may not, upon assembly, lead to a workable automobile.  This is

apart from the point that modularity-in-design cannot be practised in certain areas where the trade-off

between modularity and global performance is extremely severe (e.g. by de-coupling the brake system

from the shape of the wheel cover).  This trade-off is not unique to the automobile and indeed ‘most

products or systems will embody hybrid modular-integral architectures.’ (Ulrich 1995 p.433).

1.2 Modularity-in-Use (MIU)

Modularity-in-Use is a consumer driven decomposition of a product with a view to satisfying ease-of-

use and individuality. It is therefore driven by the structure of consumer demand and in particular the

ways in which consumers construct a set of desirable attributes of a product.  These attributes may be

classified into at least two categories; one concerned with the performance of the product and the other

with the set of options that allows the customer to personalise the look-and-feel of the product.

Modules defined in this way may not coincide with those determined by the ‘interdependence within

and independence between’ definition of modularity-in-design offered earlier.

There are several issues which influence the consumer perspective on modularity; ease of use, ease of

maintenance and relative cost of different modules.  If ease of maintenance is a desirable attribute, as

Henry Ford believed, then design for maintainability and serviceability influence modular architecture

(Fine 1998, p.181). Likewise, customers' concerns may focus on the costs of maintenance or the cost of

replacement and a modular design could lead to a small number of large, but costly, modules.  For

example, integrated ‘cockpit’ or inner door modules may make sense from a product-design

perspective, with a payoff in weight reduction and performance improvement.  But they may lead to

higher replacement costs for the end users of the automobile if one defective part necessitates the

replacement of the whole module.

The customer perspective that was the driving force behind modularisation in the computers industry

was not related to use or maintenance but rather compatibility.  IBM developed the modular computer



in the 1960s because consumers demanded compatibility within a family of computers and across

different generations of computers.  Compatibility was important initially because users wanted

programmes written for an old computer to be read by a new computer, and because they wanted to

upgrade software without scrapping the entire hardware system.  Later on, compatibility became an

issue as more and more workers exchanged documents and relied on compatibility to streamline this

process.  Whilst there are several ways in which modular interfaces may be organised, a standard mode

of interfacing among different bits of the hardware (e.g. disk drive, monitor, mother board) is the ‘bus’

architecture.  Within this structure there is a common bus to which the other physical components

connect via the same type of interface.  The software-hardware interface is co-ordinated by protocols

and operating systems.

Compatibility is currently not an important customer requirement in the auto industry and customers

are content to buy a “total car” with a distinctive look and feel.  More generally, modularity- in-use is

captured in the auto industry by the idea of consumers buying a product by mixing and matching

elements to suit their individual needs and tastes.  Here, such elements are often called ‘modules’ but

also ‘options’ (e.g. sun roofs, wheel trims).   The discussion of consumer-based decomposition of a

product into modules is intimately connected to the concept of mass customization4.  However, this

expression has a broader connotation that is focused on "tinkering" with some aspects of a product in

order to provide a customer with exactly what he wants rather than being focused explicitly on inter-

changability and interfaces.

1.3 Modularity-in-Production (MIP)

The third arena of modularity focuses on production.  The influence of modularisation on the factory

floor lies in the ability to pre-combine a large number of components into modules and for these

modules to be assembled off-line and then brought onto the main assembly line and incorporated

through a small and simple series of tasks.  This reduces the in-line complexity, shifts complexity off

the line to other parts of the production process, and shortens the main line itself.   One main source of

complexity in production is the demand for product variety, requiring manufacturing flexibility.

                                                          
4 Pine in his book on mass customization, does create terminological confusion in this area (Pine 1993).
Pine proposed six types of modularity (component sharing, component swapping, cut-to-fit, mix, bus,
and sectional) (Pine 1993 pp.200) as part of his discussion to show how product differentiation does
not have to entail higher costs: ‘In Mass Production, low costs are achieved primarily through
economics of scale… In Mass Customization, low costs are achieved primarily through economies of
scope – the application of a single process to produce a greater variety of products or services more
cheaply and more quickly. Companies often achieve both, such as economies of scale on standard
components that can be combined in a myriad of ways to create end-product variety with economies of
scope’ (p.48) Not withstanding the conflation of assembly and fabrication (see the following section on
modularity-in-production), this all appears to be valid.  But combining standard components in a
myriad of different ways to create end product variety captures a much broader set of ways in which
product variety can be created than simply the use of modules, unless that is, we call all standard
components modules.  This trivialises the term ‘module’, increasing the feeling that anything in life
that can be combined or packaged with something else is a module.  In fact, Pine’s reference to
‘modules’ in CNN News and supermarket baskets indicates that he has in mind tied sale, product
bundling and other marketing techniques as well.  This, in our view, is too broad a definition of
modularity for the concept to be useful.



Flexibility here means the ability to produce high product variety with little extra cost.  Manufacturing

flexibility is often equated with the flexibility of the process equipment in the plant (e.g. CNCs and

robots) and low set-up times. It has more recently, and usefully, been expanded to incorporate different

elements of flexibility - speed flexibility, range flexibility and mix flexibility (Upton, 1996). But as

Ulrich argues, ‘much of a manufacturing system’s ability to create variety resides not with the

flexibility of the equipment in the factory, but with the architecture of the product.’ (Ulrich 1995,

p.428).  It is the modular product design that makes it possible to create variety by using a relatively

small number of building blocks in different permutations.  This permutation process is no other than

assembly, and this enables firms to postpone some of the final assembly until the product has moved

through the distribution system and is ready to be shipped to a customer. The reliance on assembly

rather than parts fabrication to engender product variety is essential in a product such as the

automobile, which has many metal parts requiring unavoidable tooling and set-up costs. (Whitney

1993, Lee, 1998).

Baldwin and Clark declare that ‘As a principle of production, modularity has a long history’.  They go

on to state that ‘Manufacturers have been using modularity in production for a century or more because

it has always been easier to make complicated products by dividing the manufacturing process into

process modules or “cells”’  (Baldwin and Clark 1997, p.2-43).  This is actually a very cryptic

statement, as process modules may mean either a workstation on an assembly line or a larger

production cell.  In fact, they have relatively little to say about modularity's influence on production as

compared to product design, somehow perhaps assuming that a chosen product design leads to one best

production process.

The aforementioned century old tradition in modularity in production appears to refer to the so-called

American Production System, in which the idea of interchangeable parts preceded the advent of mass

production (Best 1990, 199x).  Eventually, mass production, typified by Ford’s car assembly line, led

to standardising work methods through time-and-motion studies.  Standardisation means that the

sequence in which each detailed production task is to be carried out is specified, as is the exact time

taken for each task.  Standardising task time allows assemblers to meet mass production’s basic

requirement which is to balance the line.  When standardisation cannot be achieved, complex and

ergonomically difficult tasks are taken off the main line, and it is those sub-assemblies which are made

off the main assembly line which came to be called modules.  Typically they include doors, engines

and transmissions in the car industry.

To summarise, modularity-in-production is more than one thing. Whilst it is related to ‘flexible

manufacturing system’, the focus has been not so much on whether there is an identifiable independent

production unit called a module, but more on how production can be organised so as to serve the end

users’ demand for high product variety.  In this context, modular product design is identified as



important in enabling production departments to rely on assembly rather than fabrication to ensure

product variety.

1.4 Creating MID, MIU and MIP: Organisational Processes

As discussed above, modularity is a design principle for achieving multiple goals in the development,

production and delivery of complex products.  The intended objectives of modularity in each of the

three arenas are as follows.

• Modularity in design: reduction in complexity resulting from interdependence of design

parameters, shorter development leadtimes through parallel development of modules, and rapid

adoption of new technology by upgrading individual modules separately.

• Modularity in use: high product variety by offering consumers the choice to ‘mix and match’

options (or modules) to meet their taste.

• Modularity in production: flexible manufacturing by taking complex and ergonomically difficult

tasks off the main assembly line, and by postponement of final assembly to realise high product

variety without increasing production costs.

Various techniques are available in order to co-ordinate modularity among the three arenas.  In

particular, Design for Manufacturability (DFM) and concurrent engineering are used to co-ordinate

product and process designs, whilst Design for Serviceability ensures that product design leads to ease

of use and maintenance.

Creating Modularity in Design: In modular design, a Design Structure Matrix (DSM) and a

corresponding Task Structure Matrix (TSM) may be used to map the interdependencies among design

parameters and tasks, and to identify relatively independent blocs as modules (Eppinger 19XX). A

Task Structure Matrix typically depicts three stages in the design process, starting with (1) a design

rules stage, followed by (2) an independent parallel activity stage, followed by (3) a system integration

and testing stage.  The first stage of setting design rules in effect defines the product architecture, and

ensures that the next generation of the same family of products does not have to be designed from

scratch.  The second stage of independent parallel activity on each module design considerably

shortens the overall leadtime for product development.  The system integration and testing stage is

crucial in assessing the validity of the overall design rules.

Creating Modularity in Use: The process of identifying appropriate modules in the consumer context

may not be the same as the process for modularity-in-design using DSM and TSM (which focus

designers’ minds on the degree of independence of design parameters and tasks).  Nor is it likely to

lead to similar boundary choices for modules.  ‘Buying’ amounts to searching a catalogue for the

needed modules.  To design a product which is easy to buy, one must analyse the consumer’s mind set

and thought process as he considers his needs and modular ways of meeting them.  In particular, one

must understand how the consumer might decompose his needs and then prepare module options that



fit that decomposition.  Modules created in this context are likely to perform clearly identifiable

functions rather than obvious technical functions that might dictate MID.  One next designs a ‘buying

process’ around the decomposition and implements it in a design for the so-called catalogue.  Only then

does one design the modules, making use of parts commonality where possible, taking care that

tolerances do not build up too much when modules are combined, and deciding how to divide the

product into subassemblies (which are NOT the same as modules) from a production perspective

(Whitney 1993, p.49).

Creating Modularity in Production:  One can use a Task Structure Matrix for production to determine

the best order in which components are to be assembled, and to ensure that each workstation has the

same cycle time. Perhaps because the set of tasks to be carried out at each workstation has a ‘natural

break’, it may be regarded as like a module.

Modularity as a design principle is well understood as one that enables interdependence within and

independence between modules as physical entities. Nevertheless, it is important to remember that the

optimal boundary of a module may not be the same in the three arenas.  In design, modularity is a

principle adopted in thinking about the product architecture, so that a module is an independent

physical unit with a clearly delineated function (or set of functions) and de-coupled interfaces.  A

design module may be a small single component or a large sub-assembly as long as it has these

characteristics.  In use, a module is a physical component which consumers can easily identify as an

attribute of the product that they can mix and match or add-on.  Again, a module defined in this way

may be a small single component (e.g. a wheel trim) or a larger sub-assembly, although more likely

than not, consumers would want to retain choice over smaller options for the ease of upgradability and

maintenance. In production, a process module may indeed vertically integrate in one location all the

operations necessary to produce a physical component of a product.  But where parts fabrication

necessitates batch production due to tooling and set-up costs, flexible manufacturing is likely to lead to

the assembly of components produced elsewhere for high product variety. In the end, whilst a large

sub-assembly such as a ‘cockpit’ may be beneficial from the viewpoint of modularity-in-design due to

functional integration within the module, it may have a detrimental effect on end users whose notion of

a module is much smaller than an entire cockpit.  In short, there is a trade-off between the advantages

of large integrated modules in terms of design or production on the one hand, and end-users’ need to

minimise repair and replacement costs.  It is this issue of trade-offs among different objectives of

modularization to which we turn next.



2. Modularity as an Optimisation Problem

The purpose of this section is to address three questions:

• How does modularization come about at a firm-level and an industry-level?

• How are the boundaries of the modules defined, i.e. what is the nature of the design problem?

• What are the implications of modules defined today for tomorrow’s developments particularly

through the relationships with advanced vehicle development?

2.1 Creating and co-ordinating a modular product

How does modularity and a specific modular product architecture come about?  Clark and Baldwin

suggest that "modularity dramatically alters the mechanisms by which designs can change.  A modular

design in effect creates a new set of modular operators that open up new pathways of evolution for the

design as a whole" (Baldwin and Clark 1997b Chapter 1 p. 11).  However they are less clear about how

modularity and its boundaries emerge in the first place. The process of modularisation does not take

place at one point in time in a very clearly defined fashion, rather it takes place gradually with design

rules emerging and incomplete rules "giving rise to unforeseen interdependencies" (Baldwin and Clark

1997b Chapter 10, p. 18).

There appear to be several different paths that can lead to modularity, according to whether the

modular principle gets established in an emergent or a conscious manner, and whether there is a firm-

level or industry-level focus of activity.  One path might emerge over time through the collective but

not necessarily co-ordinated actions of a number of firms in an entire industry.  This appears to have

been the case in xxx.  Another path is more deliberate – modularity arises through coalitions and

alliance formation such as those that develop over industry standards which define the interfaces of

different modules in a product architecture (Gomes-Casseres 1993, Yoffie 1998). This was very much

the case in cellular telephony in Europe.  The decisions can also be taken deliberately at the level of an

individual firm, as was the case with IBM in the early periods, which then has the choice of developing

all the modular elements internally or contracting for those elements externally.   

In the computer industry, consumer demand for compatibility in the 1960s led IBM designers to work

towards modular product architecture for the System/360.   A new concept of computer design emerged

from engineers and the development of an explicit set of design rules.  However at the start of this

process there were original architects or so-called central planners (despite the freedom from these

characters in later modular developments).  It is worth noting here that the creation of these design

rules was undertaken consciously by a group of engineers attempting to solve certain well articulated

problems in computer design and production (Baldwin and Clark 1997, Chapter 2).  This group was

able to develop these design rules in such as way as to render the computer modules largely



independent.  Much time and effort were invested initially in defining the global design rules and the

partitioning into modules, so that once fixed, they were followed rigorously.

In the automobile industry, it might be claimed that the idea of modularization has been around for a

very long time as all OEMs design and produce engines and transmissions as discrete units in the car.

In the last few decades, however, modular assembly was adopted by many OEMs in order to take

complex and ergonomically difficult tasks off the main assembly line. More recently, there is an

established trend to outsource the assembly of modules in order to save on operators’ labour costs.

This initial focus on modularity-in-production is only just beginning to be taken further by linking

more explicitly to the idea of a modular product architecture applied to the total car.  In the computer

industry, the compatibility requirement of modularity-in-use led one dominant producer, IBM, to

establish modularity-in-design before the design rules were adopted by the rest of the industry.  By

contrast, the auto industry has several major OEMs that started practising modularity-in-production

independently of each other, before moving onto modularity-in-design.  At the moment, there is no

agreed mode of breaking up a car into modules, nor is there industry-level coordination over the

standardisation of module interfaces.

2.2 Defining the boundaries of the module

One of the central problems in the creation of a modular product is the definition of the boundaries of

the module.   If we think of a shift to modularity as a move to a modular product design, then we can

analyse the definition of the module boundaries as a design problem.  The process of resolving the

modular design problem has been described above from an organisational perspective.  Here, we assess

it from an optimisation perspective, and as a first level of analysis make the assumption that one party

has control over the entire design and all its interfaces.

The objective of the static optimisation problem is arrived at by defining i) the degree of

modularisation and ii) the boundaries of the modules.  In other words, the degree of modularisation and

the boundaries are the decision variables in the problem.  The objective function can be defined in three

different ways depending upon the definition of modularity that is used.  The objectives are first

defined in terms of the degree of modularisation:

• MID – will provide and set the number of modules that render the design task manageable, with

maximum independence of structure but retaining an integration of functions.  In the case of the

IBM System/360, this effort was undertaken consciously by a group of engineers.

• MIU – will provide and set the number of modules that maximise the ease-of-use, ease-of-

maintenance and the customer’s set of preferences for product attributes and customisation.

• MIP – the objectives of the design problem when the objective is production-related are based on

the ease of assembly of different modules, focusing on the reduction of complexity on the

production line, and also on flexibility.  In the case of flexibility, there is some overlap with the



MIU objective, since production flexibility will be closely linked to the demand for product

variety.

In Figure 1, the degree of modularity, as defined by the number of modules, N, is likely to be different

depending upon whether the focus is on the value of MID, MIP or MIU.  From our research interviews,

it may be possible to determine some rank ordering for the degree of modularity under these different

objectives.  One possible ordering is as follows:

MIP > MID > MIU

The rational for this is that in production, the desire to reduce complexity from the line is extremely

strong and decreasing returns to modularisation are limited.  In contrast, from a design perspective,

decreasing returns to modularisation exist because the costs of co-ordination rise as the number of

modules increases.  These costs include the costs of defining interfaces and the costs of integration

through an elaborate series of design-build-test cycles, such as the “daily build” at Microsoft

(Cusumano and Selby, 1996).   Finally the optimal degree of modularisation from a MIU perspective is

likely to be limited because of the rising costs of replacement of modules although the shape of the

MIU function may be an inverted-U because the costs decrease again as the product becomes highly

modular.  (NOT SURE IF I UNDERSTAND THIS LAST SENTENCE)

These objectives can be combined together into a multi-objective problem in a variety of different

ways.  One way is to construct a multi-objective function assigning different weights to be various

objectives, using an analytical hierarchy process (AHP) as follows:

Figure 1: Optimal Number of Modules is Likely to Differ
According to Relative Importance of Design, Production and Use

MIU = Modularity in Use
MID = Modularity in Design
MIP = Modularity in Production
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Maximise Σ α1VMID (N) + α2VMIU (N) + α3VMIP(N)

Where VMID – value of modularity in design

VMIU – value of modularity in use

VMIP – value of modularity in production

For problems of this type, the most crucial element of the optimisation is the determination of the

weights - αi – for the particular problem at hand.  These weights are typically assessed through a

consultation process and reflect a complex set of considerations including cost, current manufacturing

capacity, path dependency – existing skills base, intellectual property portfolios, equipment etc.  Each

set of possible decision variables i.e. the level of modularisation, is then tested against each objective

and scored.  The scores are then weighted according to the weights αi  and an overall score for each

level of modularity is then calculated.  The weights can be developed using Saaty’s method of pairwise

comparison, which compares preferences for each of the objectives:

MID MIU MIP

MID

MIU

MIP

Alternatively if an economic value can be assigned to each of the objectives, then they can be

combined through different weights because they can be reduced to a consistent set of units.  [The

creation of an optimisation framework for considering the modularity problem can be used to generate

and focus a series of questions for discussion with designers, production engineers and

sales/marketing.]

The degree of modularisation can be thought of as the highest level set of decision variables which are

determined through the application of one or more of the objectives above.  The second level set of

decision variables is the boundaries of the modules, rather than their number.  Again, the same set of

possible objectives is relevant:

• MID – the boundaries are set to maximise the extent of integration of functions.

• MIU – the boundaries are based on maximising the architectural configuration to provide

preferences for product attributes as well as ease-of-use and ease-of-maintenance.



• MIP – boundaries of modules will be driven by the reduction of complexity on the production line,

and also on flexibility.

This optimisation problem is more difficult to solve than the degree of modularity because it does not

have a series of discrete solutions that can be easily ranked.  Rather there are sets of alternative

boundaries that cannot easily be reduced to a series of decision variables.   [Again, this is a possible

area of exploration with designers.]

Modules and Systems

One major reason why there are likely to be alternative module boundaries which are equally valuable

is the tradeoffs between the benefits of modular design and of system integration. This trade-off exists

because modularity increases the possibility of ‘retention and reuse’ of each module while

compromising on system integrity by increasing the number of interfaces and the complexity of design.

In making a distinction between modules and systems, modules may be defined as ‘physical sub-

assemblies such as a seat’ and systems as ‘functional aggregates of components such as a braking

system, not necessarily deliverable in one physical lump’ (Mercer 1995, p.114).5  In fact, much of the

benefit of modularization comes from enhancing the integral architecture within a module.  Two design

strategies are useful here, namely function sharing and geometric nesting (Ulrich 1995 p.433).

Function sharing is a design strategy in which redundant physical properties of components are

eliminated through the mapping of more than one functional element to a single component (e.g. the

use of cast aluminium transmission and motor casing as the structural frame of the motorcycle).

Geometric nesting is a design strategy for efficient use of space and material, and involves the

interleaving and arrangement of components such that they occupy the minimum volume possible.  For

example, the wheel, suspension, fender, and brake system of a car are arranged in a way that barely

allows clearance for wheel travel; they are tightly nested.

In many cases, however, a module satisfies more than one function (e.g. a door provides side impact

protection as well as a rack for window regulators), and a system (e.g. climate control) is likely to

spread over more than one module.  It is for this reason that there seems to be an apparent conflict

between the goals of modularization, taken more head-on by US and European manufacturers, and

system integration, the latter being more of a strategic focus for Japanese manufacturers (Fujimoto et al

1999).

                                                          
5 Defined in this way, modules appear to reside in the domain of production while systems reside in the
domain of design.  The definition of modules here as an assembly module does not give regard to what
is an optimal boundary of the module, nor does it involve the design principle of ‘independence
between and interdependence within’ the module.



Common Parts and Modularity

Another trade-off exists between product differentiation and the use of common parts.  Here, the main

question is the following.  How can producers retain the benefits of product differentiation whilst

exploiting the cost advantage of parts commonality?

There are two levels of modularity as typically applied to the automobile.  The first level is concerned

with all individual components that cannot be further dis-aggregated into smaller elements, such as nuts

and bolts.  A typical car might include XX of these first-level modules.  The second level, which is the

level to which most people refer when discussing modularity in the auto industry, is a sub-assembly of

first level elements.  According to Fiat, a module “is a group of components that are physically close

and able to be pre-assembled and put directly onto the car but it does not necessarily perform a

particular function on its own”.

A different design strategy from the integrative one is to increase parts commonality across different

models. This, in effect, means that whilst there is a module such as a door module in different car

models, some of the components (more hidden than exposed to consumers’ eyes) are standardised

across models, so that production costs may be lowered due to economies of scale.  Component sharing

has been adopted by car manufacturers but to a varying degree (Ericsson et al 1996).  A major

disadvantage of component sharing is the danger of losing the distinctive ‘look and feel’ of individual

models offered by a vehicle manufacturer.

2.3 Long run effects of module optimisation – the link to advanced vehicle technology

Assuming that there is an explicit solution to the multi-objective problem, or that some decisions

regarding both the degree and nature of modularity are taken, then this still only provides a static

solution to a problem that is essentially dynamic in nature.  The dynamic problem can be stated as

follows: what defines the optimal level of modularity and module boundaries both for today’s

conditions of VMID, VMIU and VMIP but also for likely future conditions?

Changing consumer preferences, changing manufacturing techniques and changes in the potential for

design integration will influence future solutions.  Developing a certain modular solution will lead to

significant path dependency through the creation and embedding of certain manufacturing and design

routines.  This may mean that it becomes increasingly difficult to shift to a new modular solution, even

when change may be desirable.  The optimisation problem also confronts likely changes in the solution

to the static problem due to innovation and technological change.  A standard dynamic optimisation

problem will provide a solution for every time period.  However, in a modular design problem,

considerable stability is required because of the need to make long-term investments in the global

design rules (including the standardisation of interfaces).  This suggests that in addition to the MID,

MIU and MIP considerations described above, the modular design must also consider flexibility to

future technological directions.  Thus, the activities of advanced vehicle technology, that may develop



new technologies better integrated into the car design under a very different set of modular boundaries,

must be carefully linked to the product design process.

These dynamic considerations highlight several questions regarding what design, technological and

production related capabilities must be maintained within the firm both for today’s cars but also in

order to design and produce cars in the future.  This suggests that modularity has important

implications for the boundaries of the firm and for co-ordination of activities within the firm.  We will

turn to these organisational design issues in the next section.

3.  Boundaries of the Enterprise and the Structure of the Industry

The third section of this paper reviews the underlying theories concerning the link between

modularization and outsourcing in the auto industry in the light of the practices that are currently

observed in the industry.  The previous sections identified three arenas of modularity and spelt out the

full set of considerations necessary to determine and perhaps optimise the number and the boundaries

of modules in static and dynamic settings.  We now turn to the issue of how modular product

architecture influences and is influenced by the internal structure and the boundary of the enterprise.  In

particular, we focus on the automotive industry as an a case in which a general trend towards

outsourcing in addition to the growing popularity of the use of modules has been heightened by a flurry

of mergers and acquisitions among suppliers.  Together these interrelated phenomena may have a

significant effect on the boundaries of the automotive firm.

In one sense, this covers old ground for many organisation theorists and economists.  The study of the

influence of technology on the organisation of the firm dates back to Burns and Stalker (1961) and

Woodward (1963), while the study of the nature of the firm, first addressed by Coase (1937), was

revived by Williamson (1975) and recent critics (Hart 1995, Roberts 1998).  However, this work has

often conceived of technology in an extremely general way, and been more concerned with the

influence of the rate of technological change on organisational architecture than the influence of

technology per se.  More recently, attention has focused on the relationship between organisation and

production processes on the one hand (MacDuffie et al, 1999; Adler 199), and organisation and product

development on the other (Fujimoto and Clark, 1995; Iansiti 1997; Cusumano and Nobeoka, 1999).  A

strong result of empirical analysis and theorising has been the elaboration of a contingent model of

organisational architecture.  Specifically, successful organisation of product development must reflect

the levels of technological uncertainty and on-going need for adaptation and change in the design.

Similarly, the effective organisation of production is such that complementarities exist among work

organisation, incentives, and choices of production technology (Milgrom and Roberts 1992).   The

problem of modularity links these two concerns because, as outlined in section 1, modularity is driven

by and in turn influences both design (which encompasses product development) and production.



Modularity therefore provides a unique context in which to explore the linkages among product

architecture and organisational architecture (including firm boundaries within the context of the supply

chain), and to start to examine the influence of labour market and capital market structures on this

relationship.

Figure 2: A Framework to Analyse the Impact of Modularity on

Organisational Design

In assessing current patterns of modularity and out-sourcing, and analysing the future path of

organisational design in the light of modularization, there are three key areas of analysis:

• Nature of the co-ordination required to successfully accomplish modular development and

production.

• The possible methods of allocating these tasks among the OEM, tier one (module) suppliers, and

tier two suppliers and therefore the choices of firm boundaries.

• The implications for different allocation choices on the distribution of organisational capabilities

and therefore on the long-term future paths of organisational change and power.

In order to address these issues, the first part of this section outlines an eclectic framework for the

analysis and illustrates it with some examples from the auto industry.  The second part focuses on the

two-way causal linkages between product architecture and organisational architecture.  In particular, it

will discuss the first of the two points raised above; the nature of inter-functional co-ordination

necessary to develop and manufacture modules, and the allocation of roles and responsibilities to the

various internal functions and suppliers. The final part of this section looks closely at the sequence or

path of choices that firms might use to migrate between its existing organisational architecture and

another.  In particular we focus on how changes in both the allocation of roles and the determination of

boundaries together lead to a new definition of organisational architecture and changing capabilities

and performance outcomes of each enterprise.

Product Architecture Organisational Architecture
(supply chain included)

Labour
Markets

Capital
Market



The analysis contained in this part of the paper shows that …..(main points: the importance of path

dependence, reverse causation, etc in explaining inter-country and inter-firm differences in product and

organisational architectures).

3.1 Product Architecture, Organisational Architecture, and the Labour/Capital Markets

Linking Product Architecture and Organisational Architecture

In theory, a purely modular product architecture is predicated on a clear division between architectural

design knowledge on the one hand and knowledge of modules on the other.  It is this clear division of

labour that might enable the de-coupling of organisational units, each working on the design and

production of a specific module.  Thus, by analogy to product architecture, an organisational

architecture is modular if an organisation consists of units with people who are interdependent within

and independent between the units, be they teams or departments.

However, this analogy has its limitations.  What must not be forgotten is that just as a successful

product design effort requires architectural design knowledge to ensure that the overall product

functions as intended, organisation-wide architects must ensure that the modular units fit together to

achieve a prescribed common goal.  Like the capabilities in product architectural knowledge, those in

organisational architecture may also be elusive.  If so, markets may not be able to deal adequately with

coordination among organisational modules.  Furthermore, the equivalent of ‘standardised interfaces’

in product design for organisation design are the standard operating procedures and perhaps also

procedures for documentation and communication across units, but organisational interfaces may not

be as easy to standardise as product interfaces.  These limitations suggest that the rather strongly

posited deterministic causation from modularity in product design to modularity in organisational

design proposed by Sanchez (1995) is unlikely in practice.  Indeed this relationship has not been shown

through empirical observation and the path dependency that must arise in the interaction between

product architecture and organisational architecture suggests that instead of product architecture being

a determinant of organisational architecture, the causation might also run the other way (see Figure 2).

Certainly, experience in the disk drive industry suggests that, at least for a period, an industrial

organisation of small, highly specialised firms was closely linked to within-module innovation.  These

specialist firms had limited incentives for changing the product architecture because they had particular

skills within narrowly defined domains. Thus at least in the short-run, product architecture was

constrained by organisational architecture. Similarly, Henderson and Clark (1985) have shown that in

the photolithography industry, few firms successfully weathered the shifts in architectural innovation

rather than within-module innovation.  These examples suggest that far from optimising organisational

architecture to capitalise on the specialisation of the element of a given product architecture, the

organisation in fact seems to constrain shifts in product architecture.  When these shifts do take place,



they are likely to be slow and met with internal organisational resistance because of the effect that they

have on labour, capabilities, and power.

If there is a two-way relationship between organisational architecture (including the supply chain) and

possible choices in product architecture, then we would expect that in the auto industry a range of

product architectures might emerge.  These would reflect the different supply chain architectures of

strong incumbent firms.   For instance those firms with a highly integrated supply chain architecture

might be expected to retain a more integral and less modular product architecture. If so, integral

product architecture is likely to persist in Japan even in the presence of modular design by some non-

Japanese manufacturers, unless a radical solution is proposed for a module whose technical and

economic benefits outweigh the well-established advantage of integration exploited by close co-

ordination in the supply chain. Thus existing organisational architecture in the shape of current supplier

relationships may be a hindrance to the development of modules in the car industry.  Likewise, firms

who have made a significant investment in both deep and diverse technical knowledge are unlikely to

promote modular product architecture that provides competitors with advantages within modules and

renders their integrative skills less valuable.

By contrast, the popularity of the notion of modularization in the US and Europe may in part be due to

the hope that it might enable the retention of, or reversion to, arm’s-length trading with suppliers

without being locked in to any committed relationships.  One hypothesis is that we would expect a

greater move towards modularization where supplier relations are market-based than where they are

long-term and organisational.  A competing hypothesis, not born out by current anecdotal evidence is

that it is precisely in these long-term relationships that we are likely to see sufficient trust to out-source

entire modules to suppliers and have then so closely integrated into the production line.  These

competing hypotheses depend in part on the nature of the roles and responsibilities that must be

allocated to different parties in the course of modular product development and production.  In turn

task allocation is closely influenced by the labour costs of possible module suppliers and also their

technical capabilities.  Recent mergers and acquisitions activity within the automotive supplier sector

has led to the upgrading and diversification of the range of technical capabilities of many companies

thus rendering them more likely to be assigned the design tasks that can be an integral part of out-

sourcing of modules.

3.2 Co-ordination Among Functions and Allocation of Responsibilities

To delve more deeply into what the implications are for product modularity on organisational design,

we need to understand the nature of interaction/co-ordination between organisational units.  The

relationship between modular products and co-ordination within the organisation also requires some

understanding of the activities to be co-ordinated and how they are different in a modular product

development and manufacturing process.  With respect to the latter point, the question is whether

modularization enables vehicle manufacturers to make different choices regarding the allocation of



responsibilities than they might with a non-modular product design.  Specifically, the question arises as

to whether modularisation renders auto manufacturers more or less able to rely on markets (rather than

hierarchy) for product development and production.  Ultimately this question requires an analysis of

whether module development and production leads to new organisational structures or a new blend of

the hierarchy and markets.  If greater reliance on markets is possible, modules offer the anonymity of

‘off-the-shelf’ purchase without much investment in building relationships with suppliers.  This

possibility of an arm’s-length link between a vehicle manufacturer and a module supplier is not in line

with the notion of developing close ‘partnerships’ in supplier relations.  Alternatively, modularity may

allow for more straightforward co-ordination within the firm and could facilitate more efficient vertical

integration than might otherwise be achieved given the complexity of co-ordinating a non-modular

product.

Co-ordination of Modular Development & Production

The development and implementation of modular products has significant implications for the co-

ordination of a wide range of activities by the firm.   In the auto industry, the activities most

significantly influenced by modularity include research and advanced development, new product

development, product platform planning, purchasing and production.  Modularisation affects not only

which of these functions are incorporated within the boundaries of the firm, but also more specifically

how co-ordination, control and integration of these functions is carried out.

Table 2  below outlines the activities that must be integrated when a modular product is designed and

brought into production.  It highlights the importance of a large number of inter-functional links that

are traditionally co-ordinated through both the individual product development process but also through

multi-product management – often known as platform planning.   Typically co-ordination has been

accomplished either through functional hand-off or more team-based product development under the

control of a heavyweight leader (Fujimoto and Clark, 1995).  The choice of co-ordinating structure has

been shown to have important implications for product development performance – at least in terms of

speed and the ability to integrate new innovations (Fujimoto and Clark, 1995; Iansiti, 1998).

In new product development, the creation of modular boundaries is hinted at in the work describing the

new product development process exemplified by Toyota and other Japanese auto companies (Clark

and Fujimoto, 1991).  In their detailed study of x projects, Clark and Fujimoto describe the NPD

process as one of repeated integration of quite separate elements of the car.  Integration is a carefully

managed process that requires a specific set of tools and experimental techniques.  These include rapid

prototyping, simulation and CAD, xxx (Tomke, 1998).   In another industry context - computer

software - Cusumano and Selby describe the "daily build" process at Microsoft as a daily opportunity

to bring together into a coherent whole the modular elements of a large and complex software system

(Cusumano 1998).  Thus modular NPD processes require first a product architecture to be defined and

then the development of a series of boundary-spanning techniques and processes in order to ensure

integration and overall product coherence.



In analysing the impact of modularity on integration it is useful to break the integration process down

into more specific tasks.  For any given module the tasks involved in its introduction into a new model

can be broken down into those that arise during the process of defining and specifying the module and

those that arise after the module is defined and as it is introduced into production.  The pre-definition

stage is initially focused on an analysis of the performance characteristics of the module from the

perspective of the different systems or sub-systems that it incorporates.  This analysis and subsequent

definition may be informed by the latest technological innovations, by regulatory constraints such as

emissions requirements, and by customer needs or competitor analysis.  During this period, the

interfaces of the module and the rest of the car may be refined and renegotiated, and the interaction of

cross-module systems analysed.  Once the module is fully defined, it is designed and the component

parts are specified in terms of their source, price, and range.  There may be an additional stage of

integration within the module at this stage.  In other words, re-design may take place to more fully

integrate the components of the module (within the given boundaries) to improve weight/performance

ratios etc.  Decisions are then made over assembly – its location and action.

Following the type of analysis carried out by Eppinger, Table 2 shows a Task Matrix which outlines the

range of roles and responsibilities that can arise in the design, supply and production of an automobile

module.  The task description is general but also elaborated with respect to a door module.

Table 1: Task Matrix for Modular Design, Supply and Production

  Task Description (e.g. door module) OEM Tier 1 Tier 2
Advanced Technology   √
Module Performance
Specification

  √
Module Design   √   √
Interface & System
Analysis

  √
Component Choices   √   √
Further Module
Integration

  √
Component Price
Negotiation

  √   √
Component Purchase   √
Module Assembly   √



The Allocation of Roles & Responsibilities - Outsourcing Decisions

With this clear picture of the tasks required for modularisation, it is now possible to turn to another

interrelated, but separate, factor complicating the causal links between product architecture and

organisational architecture.  This is the make-or-buy decision and the related issue of the organisational

boundary for which architectural solutions are to be optimised.  These sets of issues may be illustrated

by using the diagram below (Figure 3).

Take a vehicle manufacturer (VM) which has a non-modular product design and whose production is

highly vertically integrated in-house.  The VM has a choice of three trajectories for moving from the

current position to the ultimate position of modular design and out-sourced production: (1) by

designing modules and producing them in-house first before outsourcing them; (2) by outsourcing non-

modular components before moving towards modular design; and (3) by simultaneously implementing

modular design and outsourcing.  In the first path, modular design is likely to be adopted only if it

brings about significant performance improvements and solutions to problems arising from ergonomics

and complexity.  By the time modules are out-sourced, suppliers would benefit from the solutions

found by the VM.  In the second path, it is unclear whether the outsourcing of individual components

would lead to the VM or the suppliers taking a lead in proposing modular design.  In the third case, a

simultaneous implementation of modular design and out-sourced production may not necessarily lead

to the reduction of complexity if the task of dealing with complexity is merely passed on from the VM

to the supplier.  Thus, does the overall level of complexity in the supply chain get reduced as a result of

modularization and outsourcing, or does it remain the same as a firm externalises complexity down the

supply chain?  The answer depends on the boundary of the organisation for which the architect has

optimised their objectives.  A VM which produces modules in-house or have solutions to be

implemented by suppliers is likely to benefit from an overall improvement as a result of

modularization.  By contrast, a VM which outsources modules without an in-house set of solutions may

end up not improving the amount of complexity in the total supply chain and therefore pay more dearly

for the modules than if they were produced in-house.

Figure 3: Three Paths to Outsourcing Modules
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Why is it that modular supply and production are more prevalent in the assembly of buses and trucks

than in the manufacturing of passenger cars?  VW’s ‘modular consortium’ at its truck plant in Resende,

Brazil (Marx et al. 1997) is acclaimed a success in contrast to the difficulties faced by Swatch’s

SMART project.  One possible reason may be that the product architecture of buses and trucks is more

modular than that for passenger cars.  The ‘impurely modular’ nature of the product design for

passenger cars (as illustrated by the difficulty of predicting the entire range of systemic characteristics

for e.g. in NVH) may indeed account for much of the barriers in moving towards modular production

and supply. But as the following account shows, even if product architecture were purely modular,

there are a number of reasons why modular organisation may not emerge.

From the (simplistic) starting point of a modular design, the make-or-buy decision can be analysed as

the allocation of the tasks (or responsibilities) outlined in the Task Structure Matrix for the entire

module to individual parties.  This is in much the same way that Ulrich and Eppinger have applied the

Task Structure Matrix to understanding the allocation of activities in the design process.  In the case of

module development, the different groups to which tasks can be assigned are the VM, the module

supplier or more broadly tier one supplier, and the tier two or component suppliers. The detailed

delineation of the roles and responsibilities involved in module development highlight the difficulty of

discussing the boundaries of the firm and specifically the out-sourcing decision in a simplistic fashion.

At one extreme, the out-sourcing of modules may be quite limited in its scope and related only to

module assembly.  At the other, it could incorporate all the activities outlined in the Task Matrix below

except module interface and system analysis.  Even advanced technology could be out-sourced entirely

to the module supplier with the result that there is a significant shift in the technical competencies that

the OEM may choose to encompass within research and advanced development.  The out-sourcing

decision also has potentially significant implications for the Tier Two supplier. Tier two supplier

relationships may or may not be shifted to the Tier One or Module Supplier in the event of a significant

shift to module development.

A number of different OEM organisational structures emerge as a result of shifts to module

development, each with quite different implications for the Task Structure Matrix of the different

parties involved in co-ordinating the task.  Labour markets and the financial markets, in large part,

influence these choices.  We will also explore the influence of path dependency and past organisational

choices on boundary decisions in part three of this section.

Labour Market and Capital Market Linkages

One factor that mediates the VM’s decisions over allocating tasks and responsibilities, and that is an

apparently popular factor pushing the notion of outsourcing modular assembly, is the possibility of

exploiting lower wage costs.  If 80% of the manufacturing cost is pre-determined by product design

(Nevins and Whitney 1989, p.??), why has there been so much interest in the outsourcing of the

production of modules particularly by European and US vehicle manufacturers? A major reason seems



to be their high labour cost in-house, and the opportunities in exploiting significantly lower wages

either in emerging markets or in non-unionised workplaces.  This is borne out by the fact that the

simultaneous implementation of modularisation and outsourcing has occurred most frequently in the

context of greenfield site investment projects (e.g. Delphi’s cockpit module for Mercedes-Benz’s sport-

utility car will be supplied from a greenfield plant in Alabama).    Nevertheless, there is a fairly widely

held recognition that lower wage rates in themselves are a limited and short-lived source of competitive

advantage (Rommel et al 1996).  Either, the wage gap may be eroded over time, or lower productivity

may offset the wage advantage.  This implies that even after modular product design has been fixed,

operational efficiency (in cost, quality and delivery) is quite important, more important than wage rates

alone, in determining the competitiveness of the out-sourcing decision in the context of modular

production and supply.

At present, there are at least three organisational forms that modular supply and production can take:

(1) Modular consortium: As seen in Benz’s Smart car project (and in VW’s Resende plant), the

modular consortium is based on the transfer of all assembly operations to modular suppliers

located in the OEM’s main assembly plant.  These suppliers are responsible for capital investment

and daily management of operations and logistics.  The OEM provides the land, buildings and

infrastructure, as well as the product architectural design and quality standards.

(2) Modular supplier park: An OEM may build a supplier park on land next to its main assembly

plant, so that modular suppliers can build dedicated facilities to supply modules, sometimes by

using a conveyor, to the OEM.  Such supplier parks already exist in Europe, for example at

Vauxhall’s Ellesmere Port site.  Ford has a supplier park in Valencia and Saarlouis, and has just

announced a supplier park for the production of the new Fiesta at Dagenham (Financial Times

early May 1999).

(3) Just-in-Time delivery from ‘satellite’ plants: Lastly, module suppliers may be asked to build a

‘satellite’ plant near (say within a few dozen miles) to the OEM plant, from which modules are

delivered just-in-time in the required sequence using trailer trucks.  Johnson Controls and Lear,

both making seats, were perhaps the pioneers in this area. Lames makes doors for Fiat this way.

Modular assembly and supply as an organisational principle give rise to a rather different set of

considerations for distinguishing between internal and external labour markets from those normally

applied to internal labour markets of a single large enterprise .  On a simple level of analysis, we would

expect that the wage differential between OEM and supplier workers is more difficult to maintain, the

closer suppliers are located to the OEM’s assembly plant.  The pressures to close the wage gap between

the main assembly plant and suppliers may come from applying the going rate in a local labour market.

The greater degree of geographical proximity, moving from a satellite plant 30 miles away to a location

on the supplier park, and to being an ‘inside supplier’ in a modular consortium, also signals tighter

synchronisation of operations with less buffers.  The tighter integration of modular organisational units

means a similar speed, intensity, and hours of operations in different units, which is likely to engender



demand for similar working conditions for all workers, be they employed by the OEM or by modular

suppliers.  Whilst ownership of the OEM and modular suppliers may be separate, a modular

consortium is a tightly knit production process with

Modularization & the Financial Markets in the Auto Industry

One powerful idea sustaining the interest in modularization even where it faces scepticism in

operational and labour terms is the goal of moving assets off the books of the VM to suppliers.  This

serves to reduce their massive size and improve their return on assets (ROA).  However, this possibility

and related attitudes of the financial markets to modularisation remain largely open questions.  These

questions relate to (1) attitudes towards VM’s out-sourcing, (2) issues regarding cost of capital and (3)

the attitude towards the role of suppliers in modularisation.  On the first question there has been limited

comment from financial analysts focusing on the perspective of the VMs themselves, although the

consulting industry has focused on this topic as a matter of corporate strategy.

On the second question, it is not yet clear what the capital investment implications are of

modularization, in particular the extent to which the suppliers typically must pay more for their capital

than the OEMs.  Those higher capital costs may simply be returned to OEMs in the form of higher

prices for the modules they buy.   Alternatively, the cost of capital may be declining for the suppliers as

they continue to grow and consolidate in a wave of M&A activities.

A third perspective is that of the financial health of the suppliers themselves.  Although the re-

structuring of the automotive industry has not been as dramatic as the period from 1980-90 in the

computer industry, there has been considerable consolidation among auto parts suppliers and M&A

activity among the OEMs themselves (NEED TO INCORPORATE A TABLE OF MAJOR M&A

ACTIVITY).  In North America and Europe, vehicle manufacturers facing Japanese competition have

increased the degree of outsourcing of components but use fewer suppliers.  The resulting

rationalisation of the supplier base led to the tiering of the component supply industry and mega-

mergers among already large first-tier suppliers.  There is no doubt that the business opportunity of

becoming a supplier of entire modules (to remain Tier One Supplier) is driving the current spate of

mergers and acquisitions in the component supply industry (rather than excess capacity or any other

reason in the industry). Financial markets are both encouraging and responding positively to the de-

merger of parts divisions from OEMs, and  the mergers and acquisitions activity among auto suppliers.

Indeed, financial analysts has considerable enthusiasm for the new role of large, consolidated auto

suppliers:

In the light vehicle industry, there are three prevalent and interrelated trends evolving --

outsourcing, supplier consolidation, and globalization. OEMs outsource and push down

design, engineering, and assembly tasks to vendors in order to reduce their own fixed costs,

improve quality, and increase the speed to market of new products. Increased outsourcing is

not just extended to components. Instead, automakers often look to vendors to supply



integrated systems or modules…In our opinion, only suppliers that have the scale and

technical sophistication to perform significant design, engineering, and assembly tasks will

thrive over the long term. These requirements are driving industry consolidation. (Warburg

Dillon Read, February 1999)

Favourable reactions have led to the creation of a number of large suppliers, such as UTA/ Lear and

LucasVarity.  As the quote suggests, the long-term benefits of a modularisation strategy from both the

supplier and manufacturer perspective may lie in an increased ability to share investment risk and

development responsibility between a number of parties each with their own areas of technical

sophistication.  This also satisfies the urge of the VMs themselves to focus on core capabilities.  It may

be this idea, more than anything, that is used to move modularization forward as the debates about its

cost-effectiveness and its impact on design continues.

Strategic alliances and joint ventures such as that between Sommer-Alibert and Siemens for the

production of cockpit modules also increases the overall range and depth of technical capabilities of

module suppliers.  Financial analysts note the importance of these technical skills for overall supplier

profitability:

The consolidation and globalization of the supplier industry is real, and it is accelerating (we

have not included any additional acquisitions in our forecast). Some argue that suppliers will

need to absorb more of the burden from the OEMs, yet capital expenditures at Lear should

trend lower, research and development as a percentage of revenue should be consistent, and

margins have been expanding. As more responsibility for the design and development of

components is controlled by the leading suppliers, the occurrence of overly aggressively

pricing should be diminished (Lear, Paine Webber, May 1999)

The outcome of these changes is likely to be as follows.  First, the VM will be increasingly confident in

the supplier’s technical skills; second, it will out-source module design and let module suppliers have

control over lower-tier suppliers of components, and third, in the long run perhaps responsibility for

advanced technology and module specifications.  Suppliers have responded to this likely future

scenario by increasing their R&D spending and their investment in design technologies such as CAD

hardware and software.  Like the labour market picture described above, the changing nature of the

technical capabilities and the subsequent shift in responsibilities to the supplier from the VM is taking a

number of different forms.  These depend upon whether the suppliers are building unique

complementary technical knowledge, and on whether the VM and suppliers are actively engaged in

joint technical development or the total shift of technological capabilities to the suppliers.  Finally,

given the close interaction between modules on the one hand and the systems that function across

different modular boundaries, the responsibility for systems integration must also be determined.

Three organisational forms can currently be observed for the allocation of technical responsibility:



(1) Joint design with close interaction between VM advanced technical development group or

research organisation and the designers and technical staff of the supplier.  However, in these

cases, such as at Fiat, the control of residual intellectual property rights remains somewhat

ambiguous.

(2) Design and within-module specialisation can arise when suppliers have high levels of technical

capabilities and are relied upon by the VM to take almost full control of the innovation within

the module.  However, the VM will retain a ‘shadow’ technical capability and also determine

physical boundaries and interfaces particularly as they impact upon systems.

(3) Complete module & interface innovation in the control of the supplier.  This can be observed in

the area of electronics vis-à-vis some OEMs, but not within an entire module.  However, the

trend in electronics is not a shift to the supplier but rather a reflection of the fact that the VMs

did not, to a large extent, acquire these skills (CMR paper FULL REFERENCE PLEASE).

Like the scenarios for the allocation of responsibility outlined with regard to modular production and

supply, the possible scenarios for technical responsibility are likely to evolve over time.  The technical

capabilities of suppliers are still largely unknown and remain to be tested and found to be satisfactory.

Further, the auto manufacturers will gradually make choices as to which technical capabilities are

likely to be the most crucial in the creation and capturing of innovation and competitive advantage in

the long run.   However, some analysis is possible to consider which paths of shifting responsibility are

likely.

3.3 Shifting Responsibility - Building or Destroying Capabilities

It is not inconceivable that within a decade, there will be only a handful of suppliers for each type of

module such as the cockpit and the front end of a car. While the financial markets seem to be in tune

with, and supportive of these changes, final outcomes are likely to be determined by a range of detailed

internal and firm specific factors.  It is not clear whether an entire and dominant industry structure will

emerge or whether there will be a shift to an eclectic and diverse range of competing structures.  The

outcomes will be determined by a series of both individual firm choices relating to the determination of

boundaries and the distribution of roles and responsibilities across these boundaries, and also the

evolution of supplier capabilities in the wake of these decisions. In this way, the shifting

responsibilities will determine and be determined by changing capabilities.  These firm-specific factors

are likely to be more relevant in the auto industry than in the computer industry because the dynamics

of industry standards driven by network externalities and lock-in do not exist to any great extent.

Therefore it is unlikely that there will be the emergence of particularly strong industry module

standards.  The potential for modularisation and supplier-only driven industry evolution is also limited

by the difficulties of creating modules which are both physically contiguous and encompass entire

systems.  This leads to a blurring of modular boundaries and renders the relationship between product



design and organisational design more complex.  It suggests that in the auto industry both internal co-

ordination and the management of firm boundaries will be subject to many layers of interpretation and

a series of highly differentiated solutions are likely to be found.

Path Dependency – Production Considerations

If product architecture and organisational architecture are indeed closely linked as hypothesised above,

we would anticipate that restructuring within an industry might be expected to follow and be driven by

considerations of the architecture of main products of that industry, certainly if the architecture

appeared to be relatively stable.  Thus we might expect that when a modular architecture is developed,

more vertical disintegration will take place, re-structuring will arise to link the organisational elements

to different modules (rather than customers for example), and that acquisitions and divestitures will

take place along modular lines.  Similarly we might see acquisitions taking place to bring together what

might have previously been thought of as disparate components and subsumed together to provide an

entire module for customers.

Baldwin and Clark’s account of the impact of modularity on organisational design in the US computer

industry is instructive in this regard. According to them, consumer demand for compatibility in the

1960s led IBM designers to work towards a modular product architecture for the System/360.  The

adoption of this design principle led to the establishment of independent design teams within the

corporation, which concentrated on developing specific modules such as disk drives.  Interestingly,

some design teams internal to IBM decided to spin out as independent firms, while other design teams

emerged outside of IBM to compete head-on.  Baldwin and Clark attribute this de-verticalization of the

US computer industry to a combination of the modular design principle and the availability of venture

capital to finance modular design teams.  They also note that in order to establish the reasons why no

such de-verticalization took place in the Japanese computer industry, one should look to the nature of

financial and labour markets (Baldwin and Clark, 1997 Chapter 3).  Certainly this (NOT SURE WHAT

THIS REFERS TO) is not a factor in the European or US auto supplier sector at the present time.

Shifting Technical Capabilities to Suppliers

As noted above, the logical end point of modular out-sourcing could be seen as a shift of both technical

and production capabilities to external suppliers.  If large suppliers are in charge not only of

manufacturing but also of designing modules, then a major shift may occur in the balance of power

between vehicle manufacturers and suppliers.  This will lead to the latter possessing core technologies

and importantly intellectual property which are more crucial to the functionality of a car than the

former.  However, for R&D - by which we mean the advanced technology development undertaken in

basic underlying disciplines as well as in the development of advanced components etc., - modularity

does not lead to obvious organisational outcomes.  In general it might be thought that advanced

development could be organised to follow modular structures with development effort and

development groups focused on innovation within particular modules.  However, while this is a

possible short-term solution to R&D, it is not necessarily the most effective long-term solution for



effective and innovative R&D.  Rather, firms can fall into what Chesbrough and Kusunoki (1999) have

called "modularity traps" - when discoveries shift an industry from a modular phase of technological

development to a more "integral" one, and the latter cannot be exploited fully due to inertia in

organisation structure more suited to serving a modular product architecture.   This shift links closely to

the idea that a modular architecture is often only a short run optimal solution to product architecture

and therefore the corresponding organisational architecture is also only of short run value.

In response to problems of the type described above, it is quite possible that we will observe two

possible outcomes. These differ in the likelihood of shifting technical responsibilities and will depend

in part on the strategy of the auto manufacturer:

(1) Technical Leaders: The technically advanced VMs who consider their technological

innovative-ness to be an integral part of their competitive advantage will tend to retain

significant technical capabilities while those who are generally technology followers will rely

upon suppliers for technical excellence within modules and will compete on overall ‘look and

feel’ , brand, after-market service etc. Both strategies have their challenges.  The technical

leaders will require an increasing investment in an ever-broadening range of technical

capabilities.  Certainly, recent evidence has suggested that the range of technical areas that firms

in many industries must cover is expanding rapidly (Pavitt and Patel 1998).

(2) Technical Followers: For the followers a period of changing R&D emphasis is likely to be

required.  For example, at one European OEM, after the shift to modular doors and external

suppliers, there has been a considerable reduction in the number of engineers in advanced

vehicle technology (AVT).  However, AVT still defines the design parameters i.e. performance

characteristics, and requires the supplier to manage the changing optimisation problem, at least

in terms of within-module changes.  This suggests that the fuzzy boundaries of modules and the

need for system-level integration will mean that advanced technology will retain a role – even if

it is a monitoring one.  This monitoring or absorptive capacity can be problematic to fund and

maintain without investment in basic research and a tension will remain over the relative roles

of internal and external technical capabilities.

Chesbrough and Kusunoki (1999) have highlighted one episode in the hard disk drive industry that

illustrates the contrasting position of technical leaders and technical followers.  During the 1980s, IBM

successfully pursued a strategy of highly integrated R&D and product development but was then

overtaken in the market by specialist component makers who gradually defined a stable product

architecture, high levels of common knowledge of underlying scientific complexities of the technology,

and the creation of numerous industry specialists.  However, IBM's continued presence in R&D across

modular boundaries enabled them to develop magneto-resistive heads to replace thin film heads and

thus disrupt the modular architecture that had led to the current industrial organisation.  Typically the



modular firms who did not have extensive expertise across both heads and disk drives were not able to

successfully compete.

Although it is not entirely clear what the most effective path for advanced technology development is

likely to be, we can see that the rationale for retaining some technical capabilities is two-fold.  First by

maintaining some R&D in a range of areas that extend across modular boundaries and particularly

within and across those modules for which the firm may no longer have sole in-house responsibility,

the OEM can make more effective out-sourcing decisions.  This is consistent with the idea of

absorptive capacity (Cohen and Levinthal, 1986) that firms are more effective at choosing new ideas to

introduce into their boundaries when they have some expertise in this field themselves. Second,

maintaining an R&D presence in certain areas can be seen as a hedge against a shift away from the

established modular architecture due to more extensive cross-module innovations.

This analysis is somewhat at odds with the traditional transaction costs explanations of the boundary

choices of firms since these choices are generally not thought of as strategic, but rather arising in

response to asset specificity, opportunism and the operational costs associated with them.  The limited

empirical evidence from the auto industry (Monteverde and Teece, 1982) suggests that vertical

integration of design increases when parts are highly asset specific.  In a study of the auto industry

Monteverde and Teece (1982) suggest that “assemblers will vertically integrate when the production

process, broadly defined, produces specialized, nonpatentable know-how.”  However, the creation of

even patentable know-how could be undertaken either within or outside the firm, depending upon

strategic considerations and labour and capital market conditions.

Summary and Conclusions

Summary

This paper has two major aims: a clarification of the concept of modules and a thorough discussion of

the implications of modularity for organisational design.  In relation to the first aim, the first section

identified and defined three arenas of modularity, namely MID (modularity-in-design), MIU

(modularity-in-use) and MIP (modularity-in-production).  Because each type of modularity has a

different set of objectives, there are no simple solutions to the overall problem to determine an optimal

number of modules and optimal boundaries between modules. In particular, a static optimisation

problem must face a trade-off between the benefits of modules and of system integration.  Even

without such a trade-off, choosing optimal module boundaries is not straight-forward when facing

innovation and technological change because a modular product architecture requires considerable

stability over time rather than a different set of module boundaries for each time period.

The paper also discussed the implications of modular product architecture for organisational

architecture. Here, we emphasised the importance of path dependence and two way causation in



identifying relations between product architecture and organisational architecture (including firm

boundaries in the context of the supply chain).  We conclude that even if two OEMs have come up with

an identical modular product architecture for their cars, they may decide differently over whether to

outsource the design and production of modules or not.  Three considerations explain such variations.

First, the allocation of tasks and responsibilities to internal functions and to different tiers of suppliers

may be different depending on the existing organisation structure for new product development and the

nature of relationships with suppliers.  Second, the outsourcing decision involves a decision over

whether or not to outsource just the assembly of modules or also the design of modules to suppliers.

The outsourcing of the design and development of a specific module depends much on the OEM’s

definition of its core technologies and the wish to be able to absorb new ideas quickly by devoting

resources to R&D and advanced technology.  The latter enhances the OEM’s ‘absorptive capacity’ and

the ability to avoid ‘modularity traps’.  But the inclination to devote resources to R&D depends on

OEMs’ definition of whether they are technical leaders or followers.  Third, the outsourcing decision,

and associated decisions over new investments in plant and mergers and acquisitions, is influenced by

local conditions in labour and capital markets.  Differences in these factor market conditions explain

inter-country and inter-firm differences in organisational architecture and hence the product

architecture.

Implications: Computers vs Autos

Given the above framework, we can account for differences between the evolution of modules in the

computer industry and the auto industry, and between firms in different countries within each industry.

As mentioned earlier, the trigger for the use of modules in the computer industry was users’ demand for

compatibility.  This starting point with MIU meant that for MID, global design rules were consciously

created for modular plug-able computers.  A modular product architecture led to a modular

organisation with independent design teams.  But the eventual disintegration of the industry into

modular suppliers in the US, but not in Japan, may be accounted for by the inter-firm mobility of

technical labour and the availability of venture capital for start-ups in the US and their relative absence

in Japan.

In the car industry, the starting point for adopting modularity was in production, specifically in

assembly involving complex and ergonomically difficult tasks.  MIP, initially undertaken by OEMs

themselves, enabled the outsourcing of modular assembly to tier-one suppliers.  But unlike in the

computer industry which saw much spin-outs and start-ups in the process of adopting modules, the car

industry faces excess capacity, slow growth, and globalisation.  It is not surprising, then, that in the

labour market, savings on operator wage costs rather than the mobility of technical labour is at issue.

In the capital market,  rather than venture capital assisting the process of vertical dis-integration,

investment banking advice has led to much consolidation of suppliers wishing to remain, or become,

module suppliers.  New opportunities for saving on labour costs and M&A are both less common in



Japan than in Europe or the US.  These differences contribute to the reasons why modularization is

pursued more keenly in Europe and the US than in Japan.

These contrasts between industries and countries are a basis for projecting future scenarios for the

likely extent of modularization and outsourcing in the global automobile industry.  But the question

‘how much would autos go the computer way’ is one to be addressed in a separate paper.
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