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Abstract
Development of complex products is performed in multi-project environment in which it is crucial to explore interdependencies
and manage the uncertainty with the information exchange and the understanding of the context. The purpose of this paper is to
introduce a dependence structure matrix and domain mapping matrix approach that enables the systematic identiﬁcation of interdependencies and relations in a Multi-project environment. These approaches enables clariﬁcations of assumptions, the tractability
of dependencies, explores the information needed within and between diﬀerent departments, projects and people. This creates a
transparency and enables the synchronization of actions through transformation of information and exploration of assumptions
within and between domains. The outcomes of this process are situational visibility creating direction and accountability and the
learning that takes place through communicating, reﬂecting, understanding, and acting.
 2004 Elsevier Ltd and IPMA. All rights reserved.
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1. Introduction
Product development of complex products is usually
organized in many diﬀerent projects. Each of these projects focuses on diﬀerent functionality or physical parts
of the product. Due to the complexity of the product
and the scarcity of resources, projects run concurrently,
sequenced, or overlapped, which creates a huge demand
for an exchange of information between people in temporary projects, the customers, and the suppliers. This
kind of environment may be labeled the multi-project
situation. It is characterized by the multitude of interdependencies between projects, tasks and activities, people,
*
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knowledge areas, technologies, products, and
components.
No matter how we organize the process for product
development, there will always be interdependencies between components, sub-systems, departments, projects,
groups, and individuals who need to share information
with others to fulﬁll their tasks. Von Hippel [1], who
claims that a characteristic of product development is
the partitioning of tasks, activities, or components, recognizes this problem and argues that the character of
these interdependencies inﬂuences the way in which
product architecture is organized into chunks or handled by teams and individuals.
Precisely where the boundaries between such tasks
are placed can aﬀect the project outcome and the eﬃciency of the task performance due to associated
changes in the problem-solving interdependence among
tasks. The core function of many innovation projects
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and project tasks is precisely problem solving and the
generation of new information (Von Hippel [1, p. 407]).
Product development is a process of uncertainty
reduction in problem solving. Our approach in this paper emphasizes uncertainty as the normal state we have
to face. The crucial issue of uncertainty is to understand
who needs information, what kind of information is
needed, why and when, and to ﬁnd ways to share and
exchange information with others. If information is
not available when it is needed the level of uncertainty
is increased as assumptions are needed to be made. This
view stresses the need for other principles than those
established that will promote management of uncertainty by creating organizational settings to achieve a
high degree of coordination and integration in the problem solving. Communication and the ﬂow of information in product development need in product
development to take into account the mesh of relations
and interdependencies characteristic already in a single
project but crucial in a Multi-project environment.
In this paper, we consider complexity as originating
from three major sources: the functionality of a product,
chosen technology, and people involved. These three
dimensions are interwoven creating uncertainty that
management has to handle in project management and
organization. The traditional approach to manage the
complexity of a product is by systematic decomposition
of a product into components and elements or an organization into departments, and by integrating components into chunks and sub-systems and people into
projects and teams [2,3]. Breaking down a complex system or integrating items requires assumptions about the
content, interfaces between items and interdependencies.
All assumptions involve risk taking and produce uncertainty. Justiﬁed needs for reappraisal of assumptions
may be avoided. Once you have done the work based
on a set of assumptions, you must test whether the
assumptions were correct. If you do not know what
assumptions you have made, you are in trouble. If you
do not even recognize that you have made any assumptions, you are in a heap of trouble [4]. One of the most
important characteristics of product development is that
the process is not linear; it rather encompasses cyclic and
iterative phases [5]. These phases can bring new ideas
into the process, or create rework due to wrong assumptions and change of requirements, or they create new
knowledge.
The purpose of this paper is to present an approach
based on the systematic analysis of interdependencies
and relations, the dependence structure matrix (DSM)
and domain mapping matrix (DMM). These approaches
focus on understanding interdependencies between
items, components, organizations, teams, or people, in
terms of the need for the information exchange to manage uncertainty through exploring assumptions within
one or between diﬀerent domains in product develop-

ment. Applying multi-dimensional DSM and DMM
analysis will show how this approach might aﬀect working in multi-project situation performing the product
development of complex systems within one project, between a project and the basic organization and between
a project and other interrelated projects.

2. Approaches to complexity in product development
2.1. Current approaches to multi-project situations
The traditional approach to project management is to
consider projects as being independent of each other.
Recently, the multi-project situation has been recognized as a major issue for corporations and the focus
in research has shifted towards the multi-project situation. Several authors have attempted to create an increased understanding of the multi-project situation.
Some indicators suggest that up to 90% (by value) of
all projects are conducted in a multi-project context.
The vast majority of these projects share resources with
other projects and thus the major issue is ﬁnding ways of
handling the resource scarcity according to the overall
strategic direction of the corporation [6].
However, there is a need to ﬁnd a balance between
the focus applied in one particular project and the
long-term strategy in a stream of diﬀerent projects in
which diﬀerences in goals, visions, and direction may
be seen between projects and long-term strategy [6].
Hendrix et al. [7] found the multi-project situation as a
problem of allocation of scarce resources (i.e., people)
to a diversiﬁed project portfolio. They suggest ﬂexible
resource planning taking into account the availability
of scarce resources and the need for special knowledge.
The multi-project situation is seen by Grey [8] as a nominal umbrella grouping of projects mainly on the basis of
interdependencies among projects, sub-projects, or any
kind of project-type work activity. Grey suggests that
these interrelationships need to be recognized in terms
of vertical and horizontal relationships to create proper
coordination of project-type work among diﬀerent projects. The issue of interrelationships between organizations, individuals and projects is also recognized by
van der Merwe [9], who suggests a similar solution with
the coordination of activities among projects in a matrix-based analysis. The relations between projects are
recognized by Payne [10] and Ghomi and Ashjari [11]
as a major problem with choice of technical solutions,
cost and resource planning, and control.
In our view, complexity itself should be understood
as an analytical issue, while the eﬀects it creates in terms
of uncertainty need to be seen as the issue facing management. Management does not normally deal with
complexity itself, but the impact of complexity in terms
of uncertainty. When management designs the basic
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2.3. Complexity and uncertainty in the multi-project
situation
From the discussion of complexity in general, we can
see that the most important dimensions that we need to
understand concern the sources of complexity: the functionality of a product, chosen technology, and people involved. The traditional reaction by management to
complexity is to ignore it [21,22].
Fig. 1 scrutinizes the reasoning above and visualize
three major sources of complexity: functionality, technology and people and how they correspond to three
major sources of uncertainty: organizational settings,
product architecture, and project management.
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We consider that the nature of the work being carried
through is the prime source of complexity to meet the
product speciﬁcations and the functional demands on
technical solutions [12]. Complexity in product development can be understood in terms of the technology
underlying a product, the technology chosen for components and technical sub-systems in the product architecture, and the corporate and social context in which
product development takes place. Complexity is a number of items interconnected by a multitude of relations
and dependencies between people, their tasks and
activities [13–17]. Complexity is determined by the
interdependencies between people, technology, and
functionality although some researchers claim that complexity resides in the minds of people! In that perspective, complexity is a consequence of our perceptions
and interpretation of the situation. Product architecture
is the basis for creating a task structure and activities to
be performed by engineers. The structure of the task is a
series of actions that people have to perform and that
essentially constitute the development process leading
to an end product. If we can analyze the task structure
according to the relations between product structure
and task structure, we may achieve the information
needed to redeﬁne the product structure. This new product structure may help us create a diﬀerent process, i.e.,
a set of tasks in a task structure that is more eﬃcient in
terms of time, cost, and performance.
Uncertainty refers to the variation of items or elements upon which work is performed and the unpredictable behavior of people. Some measures of uncertainty
are based on variability of inputs, the number of exceptions encountered in the work process, and the number
of major product changes experienced [12]. As we have
pointed out, product development is a process of uncertainty reduction. The risk is a consequence of uncertainties in our assumptions or of uncertainty about future
development and events. Risk is actually a measure of
uncertainty [18]. The most important aspect of uncertainty is to what degree we can understand assumptions
and analyze the information needed to reduce the uncertainty and risk. There are diﬀerent approaches to risk
and uncertainty. Risk management can be handled by
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2.2. Basic dimensions of complexity and uncertainty in
product development

quantitative or qualitative approaches. One quantitative
approach is based on the mathematical approach focusing on systematic analysis of historic and statisticÕs data
[19]. Other is scenario approach focusing on situations,
where it is virtually impossible to specify eﬀects and
probability to any reasonable degree of accuracy. In
such situations, risk is analyzed through scenario simulations [20]. However, qualitative approach to risk and
uncertainty stress that uncertainty is not an objective
quantity, not a ﬁxed quantity, nor is it set from possible
situations. In such approach uncertainty is socially constructed by the context, rhetorical roles, the assumptions
of purpose, and the acceptance of knowledge claims, i.e.,
how the uncertainties have been constructed by individuals. Such approach stress that uncertainty is constructed and reconstructed by individuals and that this
is a social process based on communication, information
exchange, and understanding of the social world as well
as the rational issues of product development. In this approach, uncertainty arise from ignoring the ignorance as
we take various features of a problem as given and focus
on other dimensions. Uncertainty is also related to a
purpose and goals and the rhetorical context and agency
involved [21]. In our approach, we are close to the social
constructionist approach stressing that communication
and information exchange is crucial for people to understand their own role, the context, the interdependencies
to others, to explore and reduce assumptions to handle
uncertainty and risk in product development.

Pe

organization as well as temporary project structures, deﬁne the processes in the product development, organize
tasks and activities in project planning, work breakdown
structure and work packages, choose technology and decide the features of the next product to keep up with the
time schedule, uncertainty is the issue. Management
decisions and actions are based on set of assumptions,
implicit or explicit. The levels of assumptions deﬁne
the level of uncertainty.
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Fig. 1. Complexity and uncertainty in product development.
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The functionality-related source of complexity is related to customer demands, functional requirements,
and speciﬁcations of the product. This dimension aﬀects
project management and goal achievement. The organization of product development concerns the transformation of customer demands and product speciﬁcations
into product architecture and choices of technological
solutions. The project management issue also focuses
on how the available knowledge base can be used to ﬁnd
technical solutions that will be feasible in meeting demands on functionality.
The technology-related complexity dimension deals
with the product design, which includes the choice of
making a product modular or integrated, and all the
tasks that, have to be performed in solving the technical
problems.
The people-related complexity dimension aﬀects decisions on how to organize people in the temporary project structure and the choice of personnel for the
project teams to match the skills available with the demands of each project. In the multi-project situation, a
crucial issue is ﬁnding a balance between working in
projects and developing the long-term technical knowledge of the basic organization. There is still the considerable freedom of choice in a project when technology
and project team have been chosen. Work can be done
sequentially or in parallel. It can be organized according
to some functional logic or to logic of interdependencies.
With concurrent engineering a high degree of integration of departments and even suppliers and customers
are possible [16,17].
In the multi-project situation, numerous projects aim
at diﬀerent functional solutions using various technologies that need to be coordinated and integrated in the
product. In many cases, product development is organized according to the technologies underlying business
decisions and separated into diﬀerent projects. For
example, in the automotive industry, one project may
concern a truck chassis, another engine and drive line,
and a third the electronics, computer hardware and software. Each of these projects is diﬀerent regarding the
chosen technology, the people working in projects and
the tasks they perform. What these projects have in
common is that the ﬁnal output is not a question of
delivering chassis, engines, computers, or software.
The customers want a complete vehicle according to
the technical speciﬁcations. It is managementÕs responsibility to organize product development in such a way
that the products can be delivered on time.
The timing of diﬀerent projects, the tasks to be performed, and the assignment of people in diﬀerent organizational setups meeting the functionality demands of
the product are possibly the most important tasks that
management has to consider, understand, and address.
It lies near at hand to consider the multi-project situation ﬂoating because of the need to handle shared re-

sources and interdependencies between diﬀerent
projects. It is a tricky task for management and even
engineers to understand where interdependencies exist
and to manage possible conﬂicts between departments,
in the project teams and between departments and project teams.

3. Application of dependence analysis matrix in a multiproject situation
3.1. The dependence structure matrix (DSM) and domain
mapping matrix (DMM) approaches
In this paper, we argue that complexity arises from
the relationships and dependencies among items such
as product development-related tasks and activities,
product functionality, components in a product architecture, and people involved in the process. Variation
among and the number of dependencies and relations
determines the level of complexity [16,17]. When the
level of complexity increases, the level of uncertainty
will probably increase as well, because of the need to
make assumptions about relationships. The crucial issue is how well we can identify dependencies, understand relations, and explore assumptions to turn
assumptions into reasonable facts and thereby reduce
uncertainty.
The methodology that is used to represent and analyze dependencies and relations between items is known
as DSM or DSM and was introduced by Steward in
1967 [23] and 1981 [24]. These papers are considered
as the starting point of the DSM ﬁeld. The major idea
of Steward approach was to handle uncertainty in complex systems by exploring the structure of a problem.
This structure is explored in terms of identifying items
of the problem structure and ﬁnding where and how
to make assumptions and make them explicit. The structure of the problem is seen as a spreadsheet showing for
each information item needed to solve the problem what
other items it directly depends on. These relations are
mapped in a matrix. Matrices are used to map a set of
items toward itself (N · N) or to map a set of items toward another set of items (N · P).
Figs. 2(a) and (b) shows the principles of matrixbased analysis, where the dependencies and relations
are plotted in rows and columns. Fig. 2(a) shows three
types of dependencies and how these three are represented traditionally in a graph and how they are represented in a DSM matrix. Fig. 2(b) shows how
information ﬂow among six items can be represented
in a ﬂow graph and how they can be represented in a
DSM matrix representation. The DSM represents and
visualizes interdependencies and relations between items
such as tasks and activities, components and sub-systems, and among people and teams.
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related to whether the DSM represented static or timebased (temporal) dependences. While BrowningÕs taxonomy identiﬁed four types of DSM applications in these
two dimensions and hypothesized additional applications and relationships, the analysis focuses on individual domains represented by square matrices.
In 2001, Danilovic presented studies of dependencies
between dual domains in product development. These
dual domain and matrix-based analyses are called
DMM [32]. The DSM/DMM approaches are complementary to each other. While the ﬁrst focus on one domain the other one focus on interactions between
domains.
 N · N approach is named DSM,
 N · P approach is named DMM.

Needs Information From

Fig. 2. (a) Typologies of dependence structures vs. DSM representation of dependences. (b) Graph representation of information ﬂow vs.
DSM representation of information ﬂow.

A DSM analysis shows how the design of tasks,
sequencing of activities can be organized for the eﬀective
problem solving in team-based work and the communication required within and between teams [25,26]. The
information captured in a DSM analysis is similar to
that in a directed graph or a PERT chart. However,
the matrix representation makes it possible to create a
more comprehensive model of the information ﬂow
and interdependency analysis in describing and analyzing complex projects. Unlike the PERT technique,
DSM allows tasks to be coupled or independent.
The initial Steward approach was based on onedimensional, square, matrixes focusing on activities. In
such a matrix, the analytical focus is to identify dependencies and relations between items to rearrange these
items to ﬁnd the most eﬃcient way of sequencing tasks
or activities. The partitioning algorithm used is moving
identiﬁed dependencies below the diagonal line. All
dependencies left above the diagonal are assumptions
that may lead to rework and feedback loops.
Over the years the original Steward approach has
been modiﬁed. Researchers at Massachusetts Institute
of Technology in Boston introduced new dimensions
in the analysis such as tasks [27], information ﬂow
[28], product parameters, product functionality, and
product architecture [2], people and organizationalbased analysis [29], [30]. An extensive DSM literature
summary is presented by Browning [31]. However, both
the Steward and MIT approaches were based on square
matrixes. This means that analyses of dependencies were
one-dimensional, or in one product development domain. Browning [31] provided a taxonomy of these approaches and identiﬁed two discriminating dimensions

In 2001, Danilovic introduced DMM studies on
product architecture vs. organization and in another paper the same year a study on Systems vs. Organization
[33,34]. In 2003, another DMM study was presented
[35]. In this study, several DMM analysis was introduced, Product requirements vs. Functional requirement, Functional requirement vs. Product architecture,
Product requirement vs. Product speciﬁcations, and
Functional requirement vs. Product speciﬁcations, and
Product speciﬁcations vs. Product architecture. In
2003, Maurer and co-workers [36] showed one example
of a DMM analysis focusing on domains of product
architecture and customer requirements.
This study presented in this paper introduces a dynamic approach to product development by synchronizing two DSM and one DMM analysis to each other. In
real life, practitioners are dealing with uncertainty in
several dimensions simultaneously. As we suggest in
Fig. 1, uncertainty is about issues of how to organize
people in the basic organization and in many diﬀerent
simultaneously ongoing projects, how to organize people in speciﬁc project teams such as an engine project,
gearbox project, etc., and ﬁnally how to manage the process in the developing complete systems, i.e., how to
organize the Multi-project environment and how to
coordinate people and integrate their tasks in many inter-related projects. To manage all these dimensions,
we have introduced two one-domain DSM analysis in
the domains of basic organization and one engine project and we have introduced one DMM analysis in the
Multi-project environment. The dynamics come from
the synchronization between these domains and between
DSM and DMM analysis.
3.2. A case using action research
The research approach underlying this paper is an
experiment using two DSM and one DMM analysis in
a real case. We were actively involved in initiating a
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process of developing a new truck program in close collaboration with one large truck manufacturing corporation. This corporation had just started up a series of
inter-related projects aiming at developing new truck engines, gearboxes, chassis, drive lines, and cabins. The demands on management to keep the development within
the time schedule and cost level were high. There was a
need to avoid rework resulting from a lack of understanding of the complex situation and inadequate communication among people within the project and in
other related projects, as well as between projects and
other parts of the basic organization.
Using the DSM and DMM approach, we were able
to intervene in the organizing of one engine project within a multi-project situation of 10 other projects and a
functionally organized base organization. We performed
this study in one seminar and divided 60 persons into
three groups that simultaneously performed the DSM/
DMM analysis. The empirical data collected were then
used to reﬂect upon the issues of the multi-project situation in which management and engineers were involved. The ﬁnal data were given to participants and
managers. They together used the data to design communication plans to handle all identiﬁed relations and
the need for information exchange needed.
3.3. The organizational premises in development of new
truck program
The experiment was conducted in a real-time situation at a large international truck-manufacturing corporation. One of the characteristics of this corporation is
that it has succeeded in modularizing its entire range
of trucks. Modularization has made it possible to introduce continuous product development in each of the
modules under the assumption that the modules are
independent of each other. Some years ago, a major
product renewal program was undertaken: new chassis
and new truck cabins were developed together with several new engines, gearboxes, and drivelines. At the same
time, a higher content of electronics was introduced
throughout the entire range of trucks. A great amount
of engineering work needed was performed in a dual
organization structure.
Fig. 3 is an application of Fig. 1 to the real situation
of this truck manufacturing company. Fig. 3 illustrates
the multi-dimensional organizing that characterizes the
development of new truck program. The top left-hand
organizational chart illustrates the prevailing basic organizational structure, which follows the traditional
departmental and functional logic. The top right-hand
chart illustrates the organizing of engine project. It reﬂects the product architecture of the engine, as each
team is focusing on diﬀerent physical sections of the engine. The bottom-hand chart illustrates the multi-project
situation the truck company faces. The development

program is managed by dividing it into a series of diﬀerent projects.
The basic functional organization has been long in
operation. As much as possible of the development work
was performed in a temporary project organization utilizing cross-functional teams. The major problem confronting top management was the question of how to
organize all the projects simultaneously while each of
these comprised diﬀerent technologies in diﬀerent modules of the truck system, and how to coordinate all the
tasks and activities among people in projects and in
the basic organization in order to keep to the time schedule and maintain deliveries to the end customer.
Such a complex situation creates uncertainty in product development for engineers and management. For
engineers, it is crucial to understand the product speciﬁcations and the functional demands that they have to
meet in their engineering work. They are dependent on
other people performing other inter-related tasks somewhere else in other projects, departments, or organizations. For management uncertainty appears in product
planning and decision-making. How should management delimit one project from another? How should
they design the work breakdown structure in order to
enable a high level of concurrency and cross-functionality and at the same time keep the balance between the
demands made by the basic organization and the temporary organization? How can management keep projects
autonomous in order to enhance adaptation to changes
and at the same time keep track of the total achievement
of speciﬁcations and functionality of the ﬁnal product?
On the project management level, one of the major
problems was to develop a communication plan to help
people perform their engineering work and keep to the
time schedule. For engineers in diﬀerent projects, there
were major tasks in developing skills, keeping track of
what diﬀerent people were doing in diﬀerent projects
and understanding the whole picture of the system of
product development for the new generation of trucks
in which each person had only a limited role.
3.4. The application of DSM and DMM in managing
uncertainty
The DSM and DMM approaches were introduced
when the truck engine project was initiated. During
the kick-oﬀ of this project, with approximately 60 people, two DSM and one DMM analyses were conducted
in three parallel workshop groups. One group focused
on interdependencies between tasks within the engine
project, another focused on interdependencies between
tasks between the engine project and functional departments within the basic organization, and the third group
focused on interdependencies between the engine project
and 10 other major projects. The questions asked during
the workshops were: WHAT interdependencies can be
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Fig. 3. Managing uncertainty in product development.

identiﬁed. In this case, interdependence was deﬁned in
terms of the need for information exchange in order to
fulﬁll a task, WHO needs to communicate to WHOM
in order to solve their tasks? WHAT kind of information need to be exchanged? WHY is this information exchange important to other people? WHEN should this
information exchange take place? HOW should people
involved share the needed information with each other
in order to handle interdependencies?
After the workshop, the information recorded was
analyzed and presented in DSM/DMM matrixes and
analyzed. The DSM/DMM analyses were presented to
all people and the outcome of this process was several
communication plans ensuring that identiﬁed interdependencies were taken care as indicated above.
Following the above discussion, we have applied
three diﬀerent DSM analyses investigating interdependencies between the departments of the basic organization, within the project organization and between
diﬀerent projects in the multi-project situation. The focus was on the interdependencies related to the new engine project.
After data collection, identiﬁcation, and mapping of
interdependencies in the matrix, information is plotted
in matrixes. Rows and columns are then altered in order
to ﬁnd clusters that are highly related to each other,
departments within the basic organization, teams within
the engine project, and between teams of the engine project and other projects. This analysis is supported by
software tools that we have developed [34,35]. The
search for patterns of interdependencies shows where
the most critical intersections occur and point at those
where special eﬀort are needed in order to enable
coordination.
In Fig. 4, we can see the two temporal DSM (top left
and top right matrixes in Fig. 4) and one DMM (bottom

matrix in Fig. 4) analyses when rows and columns are
altered in order to identify clusters according to identiﬁed interdependencies. The numbers in the boxes indicate the level of dependencies identiﬁed. The number 3
signiﬁes that the identiﬁed interdependence at a speciﬁc
row and column intersection was of great importance,
while the number 2 indicates a medium level and the
number 1 a low level of interdependence. No numbers
in row and column intersection signiﬁes that no relevant
dependence could be identiﬁed.
The top left-hand DSM identiﬁes three clusters within the basic organization that are highly related to each
other and that these departments have important interdependencies with respect to the engine project and top
right-hand chart. The top-right hand DSM chart shows
one large and one small cluster between teams within the
engine project that are highly related to each other and
thus require special concern. This chart also indicates
two teams that are related to each other but much less
than the others. The bottom DMM chart shows one major cluster of teams within the engine project and four
other projects that are highly related to each other on
the basis of a high level of interdependence. The outer
cluster, shadowed area, indicates that six other teams
have a high level of interdependence to eight projects,
but less intense than that of the other three teams. This
chart also indicates two projects that have few interdependencies to teams in this engine project. In addition,
this chart shows that no teams and no other projects
are completely independent and autonomous.
We can see from these DSM/DMM charts in Fig. 4
that there are a great number of interdependencies between physically oriented structures of the engine project, between this project and the basic organization,
and between this engine project and more or less all
other projects.

200

M. Danilovic, B. Sandkull / International Journal of Project Management 23 (2005) 193–203

Fig. 4. Application of dependence structure matrix and domain mapping matrix in product development.

4. Discussion
As shown in Fig. 4, that no matter how we organize
product development, there will always be intersections
between departments, projects, teams, and individuals
that are interdependent and need to share information
with others. As we have noticed uncertainty and risk
are related to the context and assumptions. The social
constructionist perspective stress communication and
information exchange to reduce the levels of uncertainty. Therefore, a participative approach is important
and it has been used in this case both as a research approach and as impetus for inﬂuencing the real life of this
truck manufacturing company. By deﬁnition, product
development is an iterative process, but the iterations
in the process of product development need to be minimized. Iterations are necessary as a consequence of
changes in input information (upstream), updating of
shared assumptions (concurrent), and discovery of errors (downstream), [25,37,38]. Mapping information
dependence may reveal the underlying structure for systems engineering, and an organizational team setting
can be designed on the basis of this structure. However,
tasks, speciﬁcations, and interfaces change during product development or when new information is introduced. While product development is dynamic, the
application of DSM or/and DMM are instant. In order
to handle the dynamics of product development DSM
and DMM analyses have to be done repeatedly [34].
The crucial questions, then, relate to how management
and engineers involved in organizational and process design can deal with such uncertainty.

To confront these questions a systems approach is
suggested starting with three major questions [14]:
 The ﬁrst question is who is the designer of the system
or the process?
 The second question concerns the system evolution
and the processes of change.
 The third question considers the role of management.
The ﬁrst question points out perhaps one of the most
important issues related to traditional management approach, i.e., who is designing the system and the process
in terms of organizational and project design. In this
case, we introduced participative use of DSM and
DMM and created a situation in which engineers supposed to perform the engineering work communicated
their tasks with each other, discussed interdependencies,
and needs for information exchange. In addition, they
themselves were able to outline the design of this information exchange process. Thus, the organizing of the
project became an issue engaging all involved and not
only a few managers. The DSM analysis provided the
enabling tool that created prerequisites for crucial
communication.
The second question regards the nature of the system
and its management. According to the systems approach
of Buckley [14], we can infer that the product development process is equiﬁnal. That means that the desired
results may be reached by diﬀerent trajectories with
varying costs and time requirements. However, the process of organizing product development work or the
project management is multiﬁnal. The planning or the
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managerial process does not control the progress of the
product development process. Diﬀerent trajectories are
likely to produce diﬀerent outcomes. The consequences
are that there are no ways to specify in advance a procedure that will guarantee the desired outcomes. A participative approach enables those involved to design the
organization of the project and the means of communication to suit their needs for information exchange and
interaction. The experiment showed that their individual
ambitions to solve engineering problems were basedon
knowledge that surpassed most of the managersÕ. By
introducing participative DSM an arena for communication and mutual project design was created based on
shared understanding of the present and the future
situation.
The third question focuses on management and its
role in this participative process. Westley [39] stresses
that the structure and quality of the communication system is a key aspect. Management in a company can use
strategic conversation, discrete communication about
strategic generalities of the project according to overall
goals and milestones and day-to-day activities between
superior and subordinate, as a means of supporting
and maintaining the dynamics of diverse social structures in collaborative settings. This process of inclusion
creates mutual understandings, feeling of not being a
stranger, brings clarity in areas of authority and responsibility, and helps to shed light on issues of boundary
management. From being strangers, they now become
companions and partners. The dialogue that was developed during problem-solving when conducting DSM
and DMM analysis created mutual trust and tacit
understanding between team members, promoting signiﬁcant mutual responsibility, and collective commitment [40]. The communicative arena where
participants from diﬀerent departments and projects
meet tries to balance loyalties to the membersÕ disciplines while also maintaining a healthy respect for others. The strategic conversation is a vital mean of
supporting the dynamic behavior of the company. In
this strategic conversation, people can perceive the picture of the world, within and outside the project. During
this conversation, people may inﬂuence the agenda and
direction of management the project or change their
own views. The aim of this strategic conversation is to
ﬁnd ways of integrating the subject (matter?) with the
subjectivity and interpretations of people, substituting
self-organizing based on purposeful sense making for
the execution of power. This conversation needs to consider the diversity of people and their feelings of trust
and integrity. In this respect, the management has the
important role of creating an arena for communicating
the strategic issues that they traditionally regard as their
exclusive prerogatives. Strategic aspects well communicated will let the engineers see their role in the project
and relate it to the big world. The outcome should be
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a shared understanding of what needs to be done and
why.

5. Conclusions
In this paper, we have argued that the main sources
of complexity in multi-project situations are the functionally demands of the products, the technologies chosen and the diversity of people involved. We took
complexity as the analytical starting point, while uncertainty becomes the managerial issue. Only in trivial situations is a managerial control strategy based on
planning eﬀective, even when using the quite sophisticated DSM and DMM analysis as a tool. In the experiment realized in a real-life situation in a truck
corporation, the DSM and DMM approach was used
in a participatory way allowing all involved to discuss
the project proposal and its organizing. The participants
were able to improve on the analysis presented and contributed in designing a systematic means for communication. The combination of DSM and DMM analysis
enabled the visualizing of interdependencies and relations and exploring the need for information exchange
to reduce assumptions and uncertainty in product
development.
Traditional DSM-analysis focus on dependencies
and ﬂow of information within one domain. These
one domain analyses can be carried out in diﬀerent domains simultaneously but these analysis do not reﬂect
the dynamics of product development, the need for
transformation of information in one domain in to another domain. In this paper, we introduce dual domain
DMM-analysis that focus on the dynamics in product
development in the sense that these analyses enables
information in one domain to be depicted against some
other or to be transformed into another domain.
DMM-analysis enables the transformation of information between domains and by doing this the dynamics
of the development process is explored, and information captured in one domain can be used in one
another.
From management perspective, these dual DMManalysis in combination with one domain DSM-analysis
provide managers with highly improved decision support and provide engineers with information of the total
systems. From engineerÕs perspective, DSM and DMM
analysis creates situational visibility, in which people
can understand the context, interdependencies, and the
need for information exchange. This reduces the uncertainty and risk, as people understand the situation. This
leads to transparency within and between domains, i.e.
with a project, between a project and the basic organization and between projects.
The most important outcomes of the participative
DSM and DMM were that the management of
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uncertainty became a shared responsibility for engineers
and managers. Everybody involved in the participative
process have to be responsible for project organizing
and problem solving, not only those formally assigned
to a management position [41].
Direction for actions of people is now coming from
the intensive interaction and understanding of the context and not from the orders of their managers. Direction does not come from their hierarchy but rather
from the knowledge of the end customerÕs needs and
business deals on an aggregate level and not only on
their action level. Accountability was earlier related to
what their own managers told them to do. Now
accountability is coming from understanding strategic
aspects of the whole business situation.
The experiment demonstrated as well the dynamic
nature of a product development process. To reﬂect on
the dynamics and uncertainty that change over time
interdependency analyses by the DSM and DMM approach have to be repeated regularly. Probably one of
the most important outcomes of this process is the learning that takes place through communicating, reﬂecting,
understanding and ﬁnally acting.
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