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Abstract

Complexity in product development (PD) projects can emanate from the product design, the development process, the development
organization, the tools and technologies applied, the requirements to be met, and other domains. In each of these domains, complexity
arises from the numerous elements and their multitude of relationships, such as between the components of the product being developed,
between the activities to develop them, and among the people doing the activities. One approach to handing this complexity is to rep-
resent and analyze these domains’ design structures or architectures. The design structure matrix (DSM) has proved to be a very helpful
tool for representing and analyzing the architecture of an individual system such as a product, process, or organization. Like many tools,
the DSM has been applied in a variety of areas outside its original domain, as researchers and practitioners have sought to leverage its
advantages. Along the way, however, its fundamental rules (such as being a square matrix) have been challenged. In this paper, we for-
malize an approach to using a domain mapping matrix (DMM) to compare two DSMs of different project domains. A DMM is a rect-
angular (m · n) matrix relating two DSMs, where m is the size of DSM1 and n is the size of DSM2. DMM analysis augments traditional
DSM analyses. Our comparison of DSM and DMM approaches shows that DMM analysis offers several benefits. For example, it can
help (1) capture the dynamics of PD, (2) show traceability of constraints across domains, (3) provide transparency between domains, (4)
synchronize decisions across domains, (5) cross-verify domain models, (6) integrate a domain with the rest of a project or program, and
(7) improve decision making among engineers and managers by providing a basis for communication and learning across domains.
� 2006 Elsevier Ltd and IPMA. All rights reserved.
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1. Introduction

1.1. Background

Complexity in product development (PD) projects stems
from many sources. The product or service to be developed
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(the deliverable) may be complex in its function, form, inte-
gration, technology, etc. The work required to develop it is
often complex in its number of activities, people, teams,
and organizations involved and their relationships. These
areas are interwoven, creating a number of complexities
and uncertainties for managers. In our view, managers
should focus on identifying, understanding, and reducing
these product, process, and organizational uncertainties,
among others, to add value.

Complexity can be identified and handled, and uncer-
tainty reduced, by using a systematic approach to gather-
ing, organizing, integrating, and analyzing the best
information about a project. Models and tools that enable
this also provide a basis for planning and learning [2,3].
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Fig. 2. Five domains of complexity in PD projects (adapted from [4]).
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However, models must be based upon the latest and most
accurate input information if they are to provide helpful
output. Hence, trans-disciplinary or cross-functional teams
are advocated to provide the collective expertise, informa-
tion, and resources for effective model building and prob-
lem solving. However, such intensive interaction between
people often causes conflicts because of variations in expe-
rience, knowledge, organizational or professional loyalty,
understanding of the purpose and goals, and/or contradic-
tory purposes and goals. Each project stakeholder has a
different mental model of the project, assumptions about
it, interpretations of realities, expectations, etc. A shared,
codified model can test and align participants’ mental mod-
els through discussions and lead to joint understanding of
the reality in PD projects. To coordinate agents effectively
into teams in the dynamic environment of PD, within and
across different domains as indicated above, our research
explores the following idea: we must lay bare the assump-
tions about the nature of the desired result, the activities
to get to it, and the organization that will do the work,
and the logic by which these domains have been decom-
posed and integrated.

PD projects are dynamic ones in which different domains
are interwoven and effective management requires under-
standing how they interrelate and influence each other.
Fig. 1 illustrates some critical aspects of PD that dynami-
cally relate to each other. Product specifications are a con-
sequence of customer requirements as well as logistic and
manufacturing system capabilities. It is an illusion that
PD starts solely with customer requirements and ends in
design of the product structure. In reality this process is like
a web. Domains are interrelated and information is flowing
back and forth between them. The crucial aspect here is to
Fig. 1. Managing PD requires coordinating across many domains that
enable and constrain each other.
understand and explore dependencies and the need for
information exchange between different domains of product
architectures, organizations and processes.

The problem for managers is to find the appropriate way
to organize people and assign work over time, enable com-
munication, and synchronize actions. The implication of
such a dynamic approach is that managers and engineers
must understand and take into account interdependencies
and relations, and the information that needs to be
exchanged, not only within each domain but also across
domains.

PD projects contain at least five different domains
(Fig. 2): the product (or service, or result) system; the pro-
cess system (and the work done to get the product system);
the system organizing the people into departments, teams,
groups, etc.; the system of tools, information technology-
solutions, and equipment they use to do the work; and the
system of goals, objectives, requirements, and constraints
pertaining to all the systems. Each of these five systems is
composed of elements with relationships and thus can be
discussed in terms of its structure, network, and architec-
ture—where architecture is defined, for example, as: ‘‘the
structure of components, their relationships, and the princi-
ples and guidelines governing their design and evolution
over time’’ (IEEE STD 610.12). Moreover, each of the five
systems is related to the others. Each system both enables
and constrains the others.

1.2. Motivation for our research

An enterprise typically has multiple projects going on at
once (represented by the layers in the Fig. 2), and there are
strong incentives to achieve commonality in these five
systems across projects. In multi-project situations, each
project usually does not have full control over its organiza-
tional structure, product architecture, process structure,
etc., since companies usually want some commonality in
these across projects to provide economies of scale and
scope and easy project comparison. For example, they want
organizational commonality so that the employee evalua-
tion and promotion process is similar, product commonal-
ity so that all of the company’s products have similar



Fig. 3. A DSM showing four elements of a system and their relationships.
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themes, process commonality so that standard processes
can be used and people can be assigned to work on multiple
projects without having to learn an entirely different pro-
cess, tool (especially information technology) commonality
to provide economies of scale in purchasing software and
training employees, etc. In spite of all of these limitations,
projects have to be coordinated in order to produce a com-
plete result—a product, a service, etc. However, when a pro-
ject fails, it is often because someone forgot to account for
the effects of some of these systems and their implications.
And this should not be surprising, because there is a tremen-
dous amount of information to consider and manage. In
multi-project situations it is crucial to examine interfaces
between projects and their needs for information exchange
[5–10]. However, this is necessary in and across all of the
domains. It is therefore essential to have a technique for
examining the relationships between the elements of these
systems.

1.3. Outline of the paper

In this paper, we compare two complementary, matrix-
based approaches for representing, analyzing, and manag-
ing the crucial information regarding project domains and
their interactions. The first, the design structure matrix
(DSM), is a square matrix that has been used in a variety
of product, process, and organization modelling applica-
tions over the last twenty years. We formalize the domain
mapping matrix (DMM) as a second type of matrix-based
approach, used to map between two different project
domains. A DMM is a rectangular (m · n) matrix relating
two DSMs, where m is the size of DSM1 and n is the size of
DSM2. DMM analysis augments and adds insights to tra-
ditional DSM analyses. Our comparison of DSM and
DMM approaches shows that DMM and DSM–DMM
analyses offer a number of managerial insights and benefits.

The rest of this paper is organized as follows. Section 2
presents the DSM and DMM as two matrix-based tools
for organizing the information that drives complexity
within and across the five domains in PD. Section 3 com-
pares and contrasts the DSM and DMM. Section 4 pre-
sents three example applications, Section 5 provides
further discussion and insights, and Section 6 concludes
the paper.

2. Matrix-based tools for managing PD complexity

2.1. Design structure matrix (DSM)

The methodology that is used to handle dependences
and relations between items is widely known as the design

structure matrix (DSM) [11].2 As illustrated in Fig. 3, a
DSM is a square matrix representing the elements in a sys-
tem (the shaded cells along the diagonal) and their interac-
2 The term ‘‘dependency structure matrix’’ is also widely used.
tions (the off-diagonal marks). One reads across an
element’s row to see its inputs and down its columns to
see its outputs (although the opposite convention, the
transpose of the matrix, is also used). For example, the
DSM in Fig. 3 shows element A receiving inputs from ele-
ments B and C and providing an output to element C.

Over the years the DSM approach has been extended
and compared with similar approaches (such as N2 dia-
grams and precedence matrices), leading to a variety of
extensions, approaches, and applications. Browning [12]
provides a taxonomy of these approaches and identifies
two discriminating dimensions related to whether the
DSM represents static or time-based dependences. Integra-
tion analysis in each dimension requires a different
approach: for static DSMs, the goal is typically to cluster
the elements into modules with relatively high internal
interaction and relatively low external interaction; for
time-based DSMs, the goal is typically to lower-triangular-
ize the matrix, if possible, and otherwise get all sub-diago-
nal marks as close to the diagonal as possible, thereby
minimizing the number and scope of feedbacks in a tempo-
ral process. Algorithms for these two approaches are gen-
erally called clustering and sequencing, respectively.
Browning’s taxonomy identified four types of DSM appli-
cations in these two dimensions and hypothesized addi-
tional applications and relationships between the domains
represented by the individual square matrices.

The DSM in Fig. 4a shows an original ordering of activ-
ities, while Fig. 4b shows the reordered rows and columns
of the matrix after implementing a sequencing algorithm.
Sequencing orders the activities based on their dependen-
cies, attempting to maximize the feed-forward flow of pro-
vided information and materials. Potential feedback loops
stand out. The alternating light and dark bands3 identify
sets of independent activities that can run concurrently.
In Fig. 4, the item 1 is the first one to be done, followed
by items 2–6 that can be done in parallel (although there
is a potential feed-back loop in those items). Items 7–10
can be done concurrently after items 2–6. In this analysis
it is possible to identify each activity’s predecessors and
successors. Each set of activities that is prescribed to occur
in parallel is supposed to be shown within a band. Sub-
diagonal marks imply precedence relationships, while
super-diagonal marks show the assumptions that must be
made by upstream activities in lieu of information not yet
3 The innovation of banding was introduced by David Grose [13].



Fig. 4. Example of a DSM sequencing analysis: (a) before sequencing, (b) after sequencing.
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4 See also [25–27].

304 M. Danilovic, T.R. Browning / International Journal of Project Management 25 (2007) 300–314
produced by downstream activities. These assumptions are
often the drivers of rework in projects, so it is important to
expose them clearly and early and account for their poten-
tial impacts (risks) during project planning. Once the
assumptions and couplings that drive iteration and rework
in the PD project are identified and ‘‘unwound’’, then tra-
ditional, linear project management tools and techniques
like Gantt charts, project evaluation and review technique
(PERT), critical path method (CPM), and critical chain
[14] can be applied.

Other DSM applications focus on the product and orga-
nizational domains in a static sense. Here, sequencing is not
the issue; rather, grouping highly related elements is the
goal. A clustering algorithm is used to group elements
along the diagonal. The interpretation of the analysis
becomes very different than with sequencing.

Fig. 5 shows an example of clustering analysis. The
DSM in Fig. 5a shows product components in their origi-
nal order and their interdependencies as they were esti-
mated on three levels: 1—low, 2—medium, and 3—high.
Levels 2 and 3 interactions are shaded to highlight their
importance. In Fig. 5b, the rows and columns have been
reordered to group components with a high level of inter-
action. Clusters of items are identified and interfaces
between clusters stand out as requiring special attention.
Thus, a hierarchical approach to product and organiza-
tional architectures can be identified. Some items such as
components or people can be part of at least two clusters
and thereby function as ‘‘linking pins’’ [15–17].

The DSM has several close relatives—other techniques
based on square matrices such as precedence matrices,
adjacency matrices, reachability matrices, N2 diagrams,
etc. Examples of research using these methods are cited
in [12]. In addition, Martin and Ishii [18] measure cou-
plings between elements in square matrices to identify
how each element contributes to variation in the entire
product architecture. However, this and most other
square-matrix approaches have not been used for integra-
tion analysis—i.e., they do not seek to reorder the matrix
elements in sequences or clusters.

2.2. Domain mapping matrix (DMM)

Non-square matrices have also been used widely for
product and project planning and analysis. One need look
no further than quality function deployment (QFD), for
example, which presents a series of five matrices mapping
customer wants to product functional solutions, etc. e.g.,
[19]. Kusiak and Wang [20] use an incidence matrix to
map activities to design parameters. Suh [21] similarly
advocates matrices for mappings between the customer,
functional, physical, and process domains in the design of
mechanical systems. O’Donovan [22] demonstrates the
use of rectangular matrices mapping activities to delivera-
bles. In a mixture of rectangular and square matrices,
Krackhardt and Carley [23,24] propose six modelling
‘‘primitives’’ with the acronym PCANSS:
� Precedence (represented by a square matrix, P = T · T,
mapping tasks to tasks)—which corresponds to an activ-
ity-based DSM.
� Commitment of resources (represented by a rectangular

matrix, C = T · R, mapping tasks to resources).
� Assignment of personnel to tasks (a matrix A = I · T

mapping individuals to tasks).
� Network (a matrix N = I · I mapping individuals’ direct

relationships)—which corresponds to an organizational
DSM.
� Skill (a matrix S = I · R mapping individuals to

resources).
� Substitutes (a matrix S = R · R indicative of possible

resource substitutes).

These primitives can be explored through possible
matrix multiplications. The authors mention possible
hypotheses to test regarding correlations between these
primitives and find that the rectangular matrices can pro-
vide superior predictors of overall system performance.
The best predictors of all stem from using several of the
square and non-square matrices together.4

While there are strong relationships between the prod-
uct, process, and organizational domains [12,28–32], DSMs
have limited direct utility for inter-domain analyses. They
have only been applied with this intent with the assumption
that two domains did and should contain an equal number
of the same elements (e.g., any product component would
have a corresponding organizational unit responsible for
its development). To move beyond this limitation, a rectan-
gular matrix, mapping from one domain to another, is
required. Only with such a rectangular matrix can the
dynamics between different domains can be captured, rela-
tions and dependencies identified, and information that
needs to be exchanged pointed out.

Danilovic presented studies of dependencies between
domains in PD. Two papers explored product architecture
versus organization structure [33] and task structure versus
organization structure [34]. Danilovic and Sigemyr [35]
presented dual-domain analyses of product requirements,
product specifications, functional requirements, and prod-
uct components. These papers referred to the dual-domain
analyses as ‘‘rectangular DSM analysis’’. Maurer et al. [36]
showed a rectangular matrix relating product architecture
and customer requirements.

To make a clear distinction between the square matrices
that provide a self-mapping of the relationships among the
elements of a system in a single domain and the rectangular
matrices that map the elements of one domain to another,
we developed the term domain mapping matrix (DMM)
for the latter set to provide contrast with the term DSM,
which has traditionally applied to the former set. Thus,
while a DSM is always a square matrix, a DMM will usu-
ally be rectangular, although it can be square in cases



Fig. 5. Example of a DSM clustering analysis: (a) before clustering, (b) after clustering.
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where two domains contain an equal number of elements in
their respective systems.

As we stressed in the beginning of this article, PD pro-
jects are quite dynamic. The relationships between the
domains in a project call for their consistency and synchro-
nization, and the dynamic nature of PD calls for this to
recur as the project unfolds and the domains evolve. It is
critical to keep track of information and ensure that we
do not lose important information or add superfluous
information. Information traceability is also important.

Fig. 6 shows a DMM analysis of customer requirements
mapped against product specifications, akin to a top-level
QFD matrix. The upper matrix shows the original mapping,
while the lower one shows the same data after clustering.
Note that there is no diagonal in the matrix around which
to cluster items: items can be clustered anywhere in the
matrix, using an algorithm by McCormick et al. [37]. The
outcome of such DMM analysis is that we can see how a
particular set of customer requirements is met by a set of
product specifications—or, vice versa, how a particular set
of product specifications satisfies customer requirements.
(In traditional QFD analysis, this tends to happen only in
Fig. 6. Example of a DMM clustering analysis
terms of individual elements, not sets thereof.) Where the
two dimensions correspond to each other indicates where
a high level of interdependencies requires intense coordina-
tion, and what products and subsystems can be integrated
in team settings. Fig. 6 shows four major and one minor
cluster. Also, in the Fig. 6 we can identify an area without
interdependencies between customer requirements and
product specifications, called cluster 6. Here we can identify
an area where two items in the product specification do not
correspond to any identified customer requirement. This
implies that we might have lost some important information
when the product specifications were designed or that
specifications were added without corresponding to any
customer requirements. An incongruence between require-
ments and specifications results in both cases.

3. Comparing, contrasting and relating DSMs and DMMs

As mentioned above in Fig. 2, at least five major
domains impact PD projects. Each is a system and can
be represented by a DSM, and its relationship to each of
the other systems can be shown by a DMM.
: (a) before clustering, (b) after clustering.



Fig. 7. A ‘‘periodic table’’ of DSMs and DMMs for the five project systems/domains.

Fig. 8. DSMs and DMMs specifically for the product system.
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Fig. 7 arrays these five domains and their relationships
with each of the other four. Three of these domains (prod-
uct, process, and organization) have been investigated
through traditional DSM analysis; see [12] for a review.
The other two systems, tools and goals, are prime candi-
dates for DSM analysis. Between these domains we indi-
cate possible intermediate DMM investigations. The
current order of these five DSMs in Fig. 7 is nearly arbi-
trary; future research might enable prescription of a pre-
ferred order. By synchronizing information about these
five domains and their interactions in a PD project, we
have an improved basis for representing and analyzing
the sources of complexity, uncertainty, and dynamism in
PD projects. Since each of these DSMs and DMMs repre-
sents an important ‘‘element’’ of a project, we refer to
Fig. 7 as a kind of ‘‘periodic table’’, since it reminds us
of the classical periodic system of physical atomic elements.
Much as the periodic classification of the elements spurred
the investigation and discovery of previously unknown ele-
ments to fill in the gaps, Fig. 7 enables us to hypothesize
the presence of potentially enlightening inter-domain repre-
sentations and analyses in projects.

Fig. 8 shows some other traditional domains of interest
to PD projects: customer requirements, product functional-
ity, design parameters, product specifications, and product
architecture [38]. The product domain is shown in both
Figs. 7 and 8. Fig. 8 reminds us of the flow-down of matrices
for QFD or the ‘‘House of Quality’’ e.g., [39], where some
‘‘rooms’’ might be single-domain representations while oth-
ers might map between domains. However, QFD does not
include an analyst’s ‘‘tool kit’’ for clustering or sequencing
within and between domains. In this regard we suggest that
the DSM and DMM representations can help to put focus
on interdependencies and relations and the need for
exchanging information within and between domains.
Table 1
Comparison between dependence matrix approaches

Dimensions Design structure matrix (DSM)

Sequencing analysis Cl

Representation Square matrix Sq
Analytical dimensions Single domain Sin
Partitioning algorithm Block diagonalization/triangularization Cl
Result, outcome of analysis Flow of items, activities, i.e. sequencing Cl

Visualization of dependencies Parallelization of items Cl
Sequencing of items In
Feedback and circuits, loops of items Hi

Key words Predecessors Cl
Successors Hi
Feedback and circuit loops In
Banding Li

Focus of analysis Tasks Pa
Activities Co
Information flow Pe

Deliverables flow Or
In
Table 1 summarizes some major aspects of the three
types of matrices in terms of representation, focus, analysis,
visualization, and key words. While the possible and appro-
priate analyses of DMMs remain an important area for
future research, our preliminary work suggests that cluster-
ing analysis is insightful. We have applied McCormick
et al.’s [37] algorithm so far. We note some major differences
between the three matrices in terms of integration analysis:

� DSM sequencing shows dependencies in terms of how
they have to be carried out. In this kind of analysis we
can see which items can be carried out in parallel, in
sequence, or in some combination (in the case of cou-
pled blocks). This analysis is time-dependent and there-
fore the outcome is sequencing of activities.
� DSM clustering is time-independent. The visualization

of dependencies regards where and how dependencies
can be clustered in hierarchical structures. Between the
identified clusters, interface areas are identified. In orga-
nizational analysis this can also contribute to identifying
and designing hierarchical structures.
� DMM is in this regard similar to DSM clustering. The

only difference is the analytical dimensions and that
clustering is not concentrating along the diagonal.

The three approaches use different words to identify the
focus of analysis and the reordered matrix:

� In DSM sequencing we identify relations between items
in terms of the level of sequencing or parallelization. The
major outcome of this analysis is identification of feed-
back loops and circuits.
� In DSM clustering we identify groups of items. Here we

can identify interface areas and also see how different
clusters relate to each other in the hierarchical aspect.
Domain mapping matrix (DMM)

ustering analysis

uare matrix Rectangular matrix
gle domain Dual domain

ustering in blocks along the diagonal Move items to clusters
ustering of items Clustering of items

usters of items, Chunks Clusters of items
terfaces between clusters Interfaces between clusters
erarchical structures Hierarchical structures

ustering Clustering
erarchies Hierarchies
terfaces Interfaces
nking pins Linking pins

rameters Components/organization
mponents Project/organizational structure
ople Functionality/product

architecture
ganizations Information flow
formation flow
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� In the DMM analysis the same words are used as for
DSM clustering, but the analysis is performed across
two domains.

Finally, the three analyses involve different foci:

� DSM sequencing is preferably used to analyze time-
dependent items such as activities based on the anal-
ysis of information flow and dependencies among
them. However, Steward’s [40] recent work extends
the original DSM approach to focus on general prob-
lem solving. In such an approach the same algorithm
is applied and the analysis supports identifying the
structure of a problem, without relation to time
dimensions.
� DSM clustering is preferable for analyzing time-inde-

pendent systems or single-domain analyses such as prod-
uct architecture or project organization.
� DMM is preferable for analyzing relations and depen-

dencies between domains and combinations of different
domains.

With this comparison, we see that DSM and DMM
differ substantially in points of departure, objective of
analysis, and presentation of dependencies. While DSM
employs both sequencing and clustering, depending on
the domain, we have so far explored DMMs only
through clustering, although sequencing may also be pos-
sible if one or more of the domains contains a time basis.
Generally, all of the approaches are useful and
complementary.

From a PD project manager’s perspective, complexity
and uncertainty must be managed. Complexity cannot be
‘‘solved’’. What we can do is understand the aspects of com-
plexity driving uncertainty in order to reduce it when mak-
ing decisions such as how to design the product structure
(modularization), how to design the project flow in terms
of sequencing activities, and how to design the organization
for efficient project execution and coordination. DSMs and
DMMs are both useful contributors in this process of
uncertainty reduction and management.

4. Example applications

In this section we provide three illustrations of DMM
analysis:

1. An example of a DMM-analysis between a product sys-
tem (military aircraft used in the US Air Force) and
functionalities/technologies (technical subsystems such
as aerial crane, aerial refuel, and electronic countermea-
sures). Often these technical subsystems contain specific
technologies and are developed and delivered by a num-
ber of suppliers.

2. An example of integrated DSM and DMM analysis of
the business portfolio, project system and organization
system.
3. An example of a dynamic analysis where two DSMs,
representing the organization and product systems, are
combined with a dual-domain DMM analysis of prod-
uct architecture and multi-project structure.

We intend for these analyses to demonstrate even fur-
ther applications than the ones classified in Figs. 7 and 8.

4.1. Example 1

The managerial issue in this illustration is the problem
of coordinating development of different aircraft with the
development of various technologies to be used in them.
When technologies are developed to enable certain func-
tionalities, a high level of coordination is required between
the system integrators applying those functionalities in
their aircraft designs—both new models under develop-
ment and old models being upgraded over their 35–50 year
service lives.

Fig. 9 shows an example of a DMM analysis reflecting
the issues raised above. The upper DMM shows a mapping
of dependencies between the functions/technologies (in
rows) used across different aircraft and helicopters (‘‘prod-
ucts’’, in columns) in the US military air fleet. In the matrix
numbers 1 and 2 are used and coloured in different ways to
highlight the pattern of interdependencies between the
domains. The lower DMM shows a matrix sorted by clus-
tering, which moves rows and columns independently,
searching for clusters of items in rows and columns. This
analysis identifies four major clusters. Each contains a set
of products (aircraft and helicopters) that uses a certain
set of technologies/functions. One possible interpretation
is that these three clusters could be seen as three joint devel-
opment teams containing systems integrators and suppliers
of different technologies.

4.2. Example 2

Fig. 10 shows one DSM and one DMM analysis based
on data collected at a military aircraft manufacturing com-
pany by Danilovic and Börjesson [34]. One aircraft was
undergoing a large number of technical upgrades, but these
new functionalities were based on many separate business
deals with the customer. The large number of business
deals made it difficult to identify how the project should
be structured to ensure on-time deliveries of finished air-
craft. A high level of coordination is needed between the
portfolio of projects and the overall organization. The
company traditionally designed projects according to this
product structure. Could the organization be structured
in a more effective way, focusing on delivery of the com-
plete product rather than its subsystems, through insights
from the product architecture?

Analyzing a combination of one DSM and one DMM
provided several insights. The columns and rows in the
DSM in Fig. 10 show the business portfolio elements and
their interdependencies (i.e., related business deals), after



Fig. 9. DMM analysis Example 1: (a) before clustering, (b) after clustering.
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clustering the original matrix. Analyzing this DSM indi-
cated four clusters, each of which was then defined as a
development project—i.e., project teams were assigned to
carry out the engineering work for each of the sub-systems
represented by a cluster. Thus, four major projects were
defined based on the pattern of interdependencies among
business deals.

The next issue was how to coordinate each project with
the functional organization. This was important because
some people were working in several projects that were
interdependent in the functional organization that was
responsible for final system approval and certification.
Effective communication was important both within each
project and between the projects and the functional organi-
zation. In the DMM in Fig. 10b, the four projects identified
from Fig. 10a are mapped against the elements of the func-
tional organization. Interdependencies of varying strengths
are identified across projects and departments, as indicated
by numbers and shading in the DMM. By clustering this
DMM, we identify areas between projects and functional
organizations that require a high level of coordination
and integration. Interfaces between each project and func-
tional organization indicate the people who must commu-
nicate to transfer information. The outcome of this DSM
and DMM investigation was two-fold: DSM investigation
ended in a more purposeful multi-project structure, and



Fig. 10. (a) DSM Clustering—business portfolio into multi-project portfolio. (b) DMM Clustering—multi-project portfolio vs. organization.
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the DMM investigation ended in a more elaborated com-
munication and coordination plan between the multi-pro-
ject structure and the functional organization. Two years
later the final product was delivered on time.
4.3. Example 3

We now turn to a dynamic DSM and DMM study. The
original data were collected in one large study containing
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three separate, simultaneous DSM and DMM studies of
interdependencies between (1) departments in the func-
tional organization, (2) subsystems of the product architec-
ture, and (3) projects in the multi-project environment [6].
The company, which manufactures trucks, faced problems
running many different development projects simulta-
neously, especially the huge need for coordination to secure
the development and manufacturing of customized trucks.
People were organized in many different projects, and some
were in functional departments. The crucial issue was to
ensure timely communication between people to meet the
schedule of the entire development program.

The DSM and the DMM can be combined to depict
inter-domain dynamics. Fig. 11 shows a combination of
two DSMs and one DMM.

Fig. 11a shows an organizational DSM with departmen-
tal interdependencies, already sorted into three major clus-
Fig. 11. Dynamics in product development—combination of DSM and DMM
DMM—product architecture vs. multi-project system.
ters. The clusters indicate possibilities for cross-functional,
integrated teams to facilitate the most intensive interde-
partmental coordination. Fig. 11b shows a clustered prod-
uct architecture DSM for one of the engine development
projects. It indicates two clusters of highly related compo-
nents. These clusters indicate two modules, which portend
cross-functional integration teams for the project. How-
ever, many other projects were going on at the same time
in the organization, and all of these projects needed to
communicate with each other to deliver complete trucks
to the customers on time.

The DMM in Fig. 11c maps the interdependencies
between the product analyzed in Fig. 11b and eleven simul-
taneous development projects on gearboxes, chassis, driv-
ing lines, cabins, etc. All of these projects required
extensive coordination. The DMM reflects dependencies
between one engine project’s product-oriented architecture
: (a) DSM—organizational system; (b) DSM—product architecture; (c)
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and all other on-going projects. Each of the identified points
of interaction must be handled through some kind of infor-
mation exchange. From a managerial perspective, some
major areas were identified that could guide managers to
give special attention to the dense areas between particular
project elements and certain other projects. This gave man-
agers a reasonable ground for prioritization of their action.
The outcome was coordinated engineering work within a
project and between this project and all other projects.
The final delivery of the major project was on time.

5. Managerial implications

In this paper, we have pointed out that complexity in
PD is a consequence of elements and their relationships
and dynamic variations in both. Management must deal
with the resulting uncertainty in PD projects that affects
the product, process, and organization designs, among
other areas. Uncertainty stems from (often flawed)
assumptions about dependences and the need for informa-
tion exchange within and between domains and people
that are needed to solve problems and define/design/man-
ufacture the final product. Handling all of these aspects of
complex PD requires approaches to aid understanding
multiple domains simultaneously and in an integrated
way. From a managerial perspective organizational design
requires that temporal teams are designed to run PD pro-
jects, as a complement to the basic organization. How
many teams need to be set up? Who is supposed to be
a member of one team or another? How can managers
be sure that relevant information is exchanged between
people in different teams? If managers put focus on
dependencies and the need for information exchange
between people in the organizational design, purposeful
team structures might evolve. Similar arguments can be
put forward when it comes to product architectural design
and process design, especially in the multi-project settings
that characterize complex systems. The suggested
approaches using DSMs and DMMs and combinations
of them can lead to practical tools that support managers
in analyzing dependencies within and between domains,
and in different phases of PD.

� In order to handle the dynamics of PD, different teams
are formed and may perform the work in different
phases. There is a risk that actions and information in
one team, phase and domain will be lost or unconsidered
when work is carried out in another team, phase and/or
domain. DMM analysis enables the synchronization of
activities by mapping information from one domain into
another and helping analyze its implications.
� Analysis of DSMs and DMMs within and across several

domains enables integration of the individual systems
into a cohesive system—a truly integrated view of the
technical and programmatic aspects enabling managers
and engineers to have a holistic approach to problem
solving in PD projects.
� A combination of DSM and DMM analyses provides
managers with highly improved decision support and
visibility into the total project system and at the same
time provides engineers with information that they
depend upon.
� When DMM analyses are performed and when informa-

tion in different domains is depicted, compared to other
domains, and transformed from one domain to another,
this process shapes an arena for communication between
people doing different work.
� Traditionally, people in corporations, engineers as well

as managers, are specialized in different departments
or specific activities. DMM analysis provides impor-
tant information on relations and the need for infor-
mation exchange between domains. It thereby
stimulates people to learn from each other and about
each other’s jobs and working conditions through
reflection, understanding, and action. The final out-
come is situational visibility that enables more efficient
problem solving.

6. Conclusions

In this paper, we have provided information and com-
parisons between traditional DSM approaches and the
cross-domain DMM approach that show their complemen-
tary nature and mutual advantages.

We harness dependency matrix approaches to represent
and analyze the structure of elements and their interactions
both within and across PD project domains. Since the tra-
ditional DSM focuses on a single domain, its analysis
yields insights deemed optimal from the point of view of that

domain only. However, the DMM provides way to repre-
sent interactions and relations between domains. We sum-
marize the following points in comparing DSMs and
DMMs:

� Traditional DSM analysis focuses on dependencies and
flows of information in one domain. These single-
domain analyses can be carried out in different domains
simultaneously, but these analysis do not reflect the
dynamics of PD and the need for transformation and
comparison of information in one domain to another.
� Dual-domain DMM analysis reflects the dynamics of

PD and enables transformation and traceability of
information between domains. Performing DMM
analysis between domains can ensure that information
captured in one domain is not forgotten, added or
dropped in another.
� Cross-domain verification of system models and project

assumptions is possible when DMM analysis is per-
formed in different domains.
� DMM analysis enables information from different

domains to be communicated and understood by a vari-
ety of project participants, including engineers, market-
ers, manufacturers, financiers, and managers. During
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domain comparisons, information updates in one
domain are transparent to everyone and almost auto-
matically updated in other domains.
� While all DSMs are square matrices, not all rectangular

matrices are DMMs, and some DMMs may be square
matrices. The most important characteristic of a
DMM is that one domain is mapped against another.

Used together, DSMs and DMMs increase our knowl-
edge and understanding of approaches to analyzing depen-
dences in complex systems and thereby facilitate the
reduction of uncertainty and ambiguity in PD projects.
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