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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 inter-

dependencies 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.
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1. Introduction

Product development of complex products is usually

organized in many different projects. Each of these pro-

jects 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 tem-

porary projects, the customers, and the suppliers. This

kind of environment may be labeled the multi-project

situation. It is characterized by the multitude of interde-

pendencies 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 be-

tween 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, rec-

ognizes this problem and argues that the character of

these interdependencies influences the way in which

product architecture is organized into chunks or han-

dled by teams and individuals.

Precisely where the boundaries between such tasks
are placed can affect the project outcome and the effi-

ciency 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 pa-

per 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 uncer-

tainty by creating organizational settings to achieve a
high degree of coordination and integration in the prob-

lem solving. Communication and the flow of informa-

tion 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 orga-

nization into departments, and by integrating compo-

nents into chunks and sub-systems and people into
projects and teams [2,3]. Breaking down a complex sys-

tem or integrating items requires assumptions about the

content, interfaces between items and interdependencies.

All assumptions involve risk taking and produce uncer-

tainty. 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 assump-

tions, 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 assump-

tions 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 man-
age 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 work-

ing in multi-project situation performing the product

development of complex systems within one project, be-

tween 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 recog-

nized as a major issue for corporations and the focus

in research has shifted towards the multi-project situa-

tion. Several authors have attempted to create an in-

creased 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 nom-

inal 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 pro-

jects. The issue of interrelationships between organiza-

tions, 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 ma-
trix-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 man-

agement. 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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Fig. 1. Complexity and uncertainty in product development.
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organization as well as temporary project structures, de-

fine the processes in the product development, organize

tasks and activities in project planning, work breakdown

structure and work packages, choose technology and de-

cide 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.

2.2. Basic dimensions of complexity and uncertainty in

product development

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 develop-

ment can be understood in terms of the technology

underlying a product, the technology chosen for compo-

nents and technical sub-systems in the product architec-

ture, and the corporate and social context in which

product development takes place. Complexity is a num-
ber 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 com-

plexity resides in the minds of people! In that perspec-

tive, 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 prod-
uct 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 ele-

ments upon which work is performed and the unpredict-

able behavior of people. Some measures of uncertainty

are based on variability of inputs, the number of excep-

tions 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 uncer-

tainty reduction. The risk is a consequence of uncertain-

ties in our assumptions or of uncertainty about future

development and events. Risk is actually a measure of

uncertainty [18]. The most important aspect of uncer-

tainty is to what degree we can understand assumptions

and analyze the information needed to reduce the uncer-
tainty and risk. There are different approaches to risk

and uncertainty. Risk management can be handled by
quantitative or qualitative approaches. One quantitative

approach is based on the mathematical approach focus-

ing on systematic analysis of historic and statistic�s 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 simu-

lations [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 con-

structed by the context, rhetorical roles, the assumptions

of purpose, and the acceptance of knowledge claims, i.e.,

how the uncertainties have been constructed by individ-
uals. Such approach stress that uncertainty is con-

structed 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 ap-

proach, 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 under-

stand their own role, the context, the interdependencies

to others, to explore and reduce assumptions to handle

uncertainty and risk in product development.

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 func-

tionality of a product, chosen technology, and people in-

volved. 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, tech-

nology and people and how they correspond to three

major sources of uncertainty: organizational settings,

product architecture, and project management.
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The functionality-related source of complexity is re-

lated to customer demands, functional requirements,

and specifications of the product. This dimension affects

project management and goal achievement. The organi-

zation of product development concerns the transforma-

tion 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 de-

mands 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 deci-

sions on how to organize people in the temporary pro-

ject structure and the choice of personnel for the

project teams to match the skills available with the de-

mands 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 knowl-

edge of the basic organization. There is still the consid-

erable 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 integra-

tion 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 technolo-

gies that need to be coordinated and integrated in the

product. In many cases, product development is orga-

nized 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 soft-

ware. 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 management�s responsi-
bility 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 per-

formed, and the assignment of people in different orga-

nizational 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 situa-

tion 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 pro-

ject teams.
3. Application of dependence analysis matrix in a multi-

project 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 archi-

tecture, 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 is-

sue is how well we can identify dependencies, under-

stand relations, and explore assumptions to turn

assumptions into reasonable facts and thereby reduce

uncertainty.

The methodology that is used to represent and ana-

lyze 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 com-

plex 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 struc-
ture 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 to-

ward another set of items (N · P).

Figs. 2(a) and (b) shows the principles of matrix-

based 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 repre-

sented traditionally in a graph and how they are repre-

sented 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-sys-

tems, and among people and teams.
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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 communi-

cation 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 analyz-
ing complex projects. Unlike the PERT technique,

DSM allows tasks to be coupled or independent.

The initial Steward approach was based on one-

dimensional, square, matrixes focusing on activities. In

such a matrix, the analytical focus is to identify depen-

dencies 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 organizational-

based 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 do-

main. Browning [31] provided a taxonomy of these ap-

proaches and identified two discriminating dimensions
related to whether the DSM represented static or time-

based (temporal) dependences. While Browning�s taxon-
omy identified four types of DSM applications in these

two dimensions and hypothesized additional applica-

tions and relationships, the analysis focuses on individ-

ual 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 comple-

mentary to each other. While the first focus on one do-

main the other one focus on interactions between

domains.

� N · N approach is named DSM,

� N · P approach is named DMM.

In 2001, Danilovic introduced DMM studies on

product architecture vs. organization and in another pa-

per 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 intro-
duced, Product requirements vs. Functional require-

ment, 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 dy-

namic approach to product development by synchroniz-

ing 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 peo-
ple in specific project teams such as an engine project,

gearbox project, etc., and finally how to manage the pro-

cess 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 in-

ter-related projects. To manage all these dimensions,

we have introduced two one-domain DSM analysis in

the domains of basic organization and one engine pro-
ject 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 col-

laboration with one large truck manufacturing corpora-

tion. This corporation had just started up a series of

inter-related projects aiming at developing new truck en-

gines, gearboxes, chassis, drive lines, and cabins. The de-

mands 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 under-

standing of the complex situation and inadequate com-

munication 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 with-
in 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 situ-

ation in which management and engineers were in-

volved. The final data were given to participants and
managers. They together used the data to design com-

munication 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 situa-
tion at a large international truck-manufacturing corpo-

ration. 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 intro-

duce 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 sev-

eral 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 orga-

nizational structure, which follows the traditional

departmental and functional logic. The top right-hand

chart illustrates the organizing of engine project. It re-

flects the product architecture of the engine, as each

team is focusing on different physical sections of the en-
gine. 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 differ-

ent 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 uti-

lizing cross-functional teams. The major problem con-
fronting top management was the question of how to

organize all the projects simultaneously while each of

these comprised different technologies in different mod-

ules 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 sche-

dule and maintain deliveries to the end customer.

Such a complex situation creates uncertainty in prod-
uct development for engineers and management. For

engineers, it is crucial to understand the product specifi-

cations and the functional demands that they have to

meet in their engineering work. They are dependent on

other people performing other inter-related tasks some-

where else in other projects, departments, or organiza-

tions. For management uncertainty appears in product

planning and decision-making. How should manage-
ment delimit one project from another? How should

they design the work breakdown structure in order to

enable a high level of concurrency and cross-functional-

ity and at the same time keep the balance between the

demands made by the basic organization and the tempo-

rary 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 peo-

ple, 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 depart-

ments 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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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 informa-
tion need to be exchanged? WHY is this information ex-

change 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 interde-

pendencies were taken care as indicated above.

Following the above discussion, we have applied

three different DSM analyses investigating interdepen-

dencies between the departments of the basic organiza-

tion, within the project organization and between

different projects in the multi-project situation. The fo-
cus was on the interdependencies related to the new en-

gine 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 pro-
ject 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 identi-

fied interdependencies. The numbers in the boxes indi-

cate 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 with-

in the basic organization that are highly related to each
other and that these departments have important inter-

dependencies 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 ma-
jor 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 interde-

pendencies 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 be-

tween physically oriented structures of the engine pro-

ject, between this project and the basic organization,

and between this engine project and more or less all

other projects.
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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 uncer-

tainty. Therefore, a participative approach is important

and it has been used in this case both as a research ap-

proach 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 mini-

mized. Iterations are necessary as a consequence of
changes in input information (upstream), updating of

shared assumptions (concurrent), and discovery of er-

rors (downstream), [25,37,38]. Mapping information

dependence may reveal the underlying structure for sys-

tems engineering, and an organizational team setting

can be designed on the basis of this structure. However,

tasks, specifications, and interfaces change during prod-

uct development or when new information is intro-
duced. 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 de-

sign 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 ap-

proach, 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 sup-

posed 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 infor-

mation 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 develop-

ment process is equifinal. That means that the desired

results may be reached by different trajectories with

varying costs and time requirements. However, the pro-

cess 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 proce-

dure that will guarantee the desired outcomes. A partic-

ipative approach enables those involved to design the
organization of the project and the means of communi-

cation 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 managers�. By

introducing participative DSM an arena for communi-

cation 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 sys-

tem 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 struc-

tures in collaborative settings. This process of inclusion

creates mutual understandings, feeling of not being a

stranger, brings clarity in areas of authority and respon-

sibility, and helps to shed light on issues of boundary

management. From being strangers, they now become

companions and partners. The dialogue that was devel-
oped during problem-solving when conducting DSM

and DMM analysis created mutual trust and tacit

understanding between team members, promoting sig-

nificant mutual responsibility, and collective commit-

ment [40]. The communicative arena where

participants from different departments and projects

meet tries to balance loyalties to the members� disci-
plines while also maintaining a healthy respect for oth-
ers. The strategic conversation is a vital mean of

supporting the dynamic behavior of the company. In

this strategic conversation, people can perceive the pic-

ture 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 con-

sider 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 communi-
cated will let the engineers see their role in the project

and relate it to the big world. The outcome should be
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 func-

tionally demands of the products, the technologies cho-

sen and the diversity of people involved. We took
complexity as the analytical starting point, while uncer-

tainty becomes the managerial issue. Only in trivial sit-

uations is a managerial control strategy based on

planning effective, even when using the quite sophisti-

cated DSM and DMM analysis as a tool. In the exper-

iment 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 con-

tributed in designing a systematic means for communi-

cation. The combination of DSM and DMM analysis

enabled the visualizing of interdependencies and rela-

tions 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 do-

mains simultaneously but these analysis do not reflect

the dynamics of product development, the need for

transformation of information in one domain in to an-

other 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 informa-

tion between domains and by doing this the dynamics

of the development process is explored, and informa-

tion captured in one domain can be used in one

another.
From management perspective, these dual DMM-

analysis in combination with one domain DSM-analysis

provide managers with highly improved decision sup-

port and provide engineers with information of the total

systems. From engineer�s 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 uncer-
tainty 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 organiza-

tion 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 con-

text and not from the orders of their managers. Direc-

tion does not come from their hierarchy but rather

from the knowledge of the end customer�s 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 ap-

proach have to be repeated regularly. Probably one of

the most important outcomes of this process is the learn-

ing that takes place through communicating, reflecting,
understanding and finally acting.
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