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3 Systematic Design Approach and 
Intrateam and Extrateam Problem-Solving 
Communication in Multi-Organization, 
Multi-Team Projects 

3.1 Introduction 
As discussed in the previous chapter, problem-solving communication within and 
between the teams of MOMT projects has an influence on team effectiveness as 
well as on team efficiency. A systematic design approach in the NPD process is 
required to structure and facilitate this communication for solving the complex 
design tasks according to the performance requirements. Therefore, in this 
chapter the following two sub-questions are studied:  
 

2a)  What is the influence of a systematic design approach on 
intrateam problem-solving communication in MOMT projects? 

 

2b)  What is the influence of a systematic design approach on 
extrateam problem-solving communication in MOMT projects?  

 

Applying systematic design principles9, the complexity can be handled (Pahl 
and Beitz, 1992), and activities and decisions can be directed during the design 
process in order to improve performance (Oosterman, 2001). In MOMT projects, 
since very frequent communication within and especially with other teams will be 
negative for team performance – as hypothesized in Chapter 2 – the 
communication need has to be reduced. In general, communication should mainly 
take place within teams to exchange information and knowledge to solve the 
assigned design problems. This means the intrateam communication process 
needs to be facilitated in the solution-finding and solution-selection process. 

In the following, systematic design principles that reduce the intrateam and 
extrateam communication need and facilitate the required intrateam 
communication process, and thereby influence the communication variables 
discussed in the previous chapter, are introduced.  

                                                      
9 Leenders and colleagues (2007: 168) give a short historical overview on principles of modern  
   design methods, which can be traced back to Leonardo da Vinci, were first pioneered by Erkens  
   (1928) in the 1920s, and completely integrated by Hansen (1956). The latest publications  
   essentially do not differ much from, for instance, Pahl and Beitz’ (1977) ‘Konstruktionslehre’. 
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3.2 Design Principles Relevant for Problem-Solving 
Communication in Multi-Organization, Multi-Team 
Projects 

While hierarchical task decomposition is applied to reduce the communication 
need (i.e., communication frequency of team members, team leader, and of 
teams), the design principles systematic variation and satisficing help to facilitate 
communication in the intrateam problem-solving process (i.e., communication 
frequency, and degree of team leader involvement and of task disagreement). 
These influences are discussed in more detail in the respective Sub-sections 3.3 
and 3.4.  
 

3.2.1 Hierarchical Task Decomposition 
MOMT projects – the project itself and the teams – need to be structured so that 
the high problem-solving communication need in the NPD process is reduced. As 
the information-processing need is closely related to the task complexity (Bell 
and Kozlowski, 2002; Tushman, 1979), it can be partly reduced by decreasing the 
degree of the tasks’ complexity. 

An effective approach is to decompose the complex overall design task into 
smaller and easier sub-tasks in which the design is relatively clear (Dym, 1994; 
Oosterman, 2001). It results in a function structure that represents the product’s 
overall function (Pahl and Beitz, 1992). By decomposing the product into 
semi-independent components corresponding to its many functional parts, the 
design of each component can be carried out with some degree of independence 
from each other since they will affect the others largely through the function and 
independently from the details of the mechanism that accomplishes this function 
(Simon, 1996). This division into sub-functions of decreasing complexity must 
be continued till the search for a solution seems promising (Pahl and Beitz, 1992) 
– hierarchical decomposition (Simon, 1996). The defined diverse sub-tasks can 
be assigned to different teams and team members. 

However, decomposition should not be taken too far as complexity will 
increase again because of the numerous sub-tasks that have been created10 and the 
large number of specialists required, both of which have to be managed. For 
instance, the results of a study by Leenders and colleagues (2007) on 44 NPD 
teams engaged in the electronics industry suggest that the team’s creative 
performance fails when there is too much decomposition as it promotes the 
establishment of sub-groups.  

                                                      
10 Please note: to simplify, in the following discussion ‘sub-tasks’ are referred to as ‘tasks’. 
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Due to hierarchical decomposition different levels of sub-groups are formed. 
That means in complex NPD there can be sub-groups of sub-groups and so on, 
which need to be managed. Thus, there needs to be a balance between the 
complexity and the decomposition of design tasks – representing the problem of 
information-processing needs that are too high versus coordination needs that are 
too high in the design process. As Pahl and Beitz (1992) state, an optimum 
breaking down of the overall function leads to an optimum number of 
sub-function levels and number of sub-functions per level.  
 
The decomposition of a complete design into functional components is not 
unique; there may be many alternatives, which also lead to alternative processes 
and alternative solutions developed (Simon, 1996; Von Hippel, 1990). The 
project architecture, hence, is not a comprehensive map of the product itself; 
rather, it is a simplification of the reality of design process (Alexander, 1974 in 
Kazanjian et al., 2000: 278).  

Depending on how well a MOMT project is structured based on the 
decomposed complex new product, the required information flow within and 
among the teams will be to a different degree successfully facilitated. As 
Galbraith (1973) and Thompson (1967) state, the success of decomposition 
depends critically on how well the remaining interdependencies are managed. 

Task interdependencies arise from the product architecture and refer to the 
intensity and direction of workflow relationships (Gerwin, 1981). Von Hippel 
(1990: 409) defines the task interdependence with respect to problem solving as 
“the probability that efforts to perform one of the tasks to specification will 
require related problem-solving in the other. The higher this probability in a 
given instance, the greater the problem-solving interdependence”.  

This means the better the interdependencies are managed and limited, the less 
the overall need for frequent problem-solving communication. But the more 
complex the interdependencies, the more complex the design problem (Dym, 
1994), and the more information needs to be exchanged throughout the project 
because design task dependency defines data dependency and thereby the need 
for information flow (Bell and Kozlowski, 2002; Chiu, 2002). This applies within 
as well as between teams of MOMT projects.  
 
In summary, as Tushman (1979: 85) highlights: “The more substantial the task 
interdependence, the greater the coordination, and the greater the joint 
problem-solving demands”. Thompson (1967) argues, in order to minimize the 
overall coordination effort and costs – based on the information-processing need 
– the tasks must be clustered so that the strongest interactions occur within the 
group and the weaker interactions between groups. In complex NPD this 
grouping can be done in teams and groups of teams (sub-systems). This allows 
for intense communication within these boundaries (Tushman, 1979).  
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This means MOMT projects should be structured so that the highest task 
interdependence is within the teams. The lowest task interdependence, thus, 
should be among the teams – teams of different sub-systems, followed by teams 
of the same (sub-)subsystem – to reduce the complexity of both the design tasks 
and the MOMT project. 
 
Therefore, the focus is on intrateam communication relationships – how 
systematic design principles in the solution-finding process (systematic 
variation) and solution-selection process (satisficing) facilitate the required 
information flow to jointly solve complex design problems.  
 

3.2.2 Design Principles for Solution-Finding and Solution-Selection 
Process 

In complex NPD like in MOMT projects the many different design tasks have to 
be accomplished in a systematic way due to their high non-routineness. The 
design problems to be solved are ill-structured11 since their solutions cannot 
normally be found by routinely applying a mathematical formula in a structured 
way (Dym, 1994). There is a high degree of complexity of the search processes 
(Van de Ven et al., 1976) as many alternative solution approaches have to be 
created and evaluated (Tushman, 1978a, 1979). 

For that reason, the emergence of solutions to the complex design problems has 
to be supported by a creative and innovative design process (Girard and Robin, 
2006). Creativity – as “a process of engagement by individuals in behaviors and 
activities directed at the development of novel solutions, in this instance, targeted 
at a design problem” (Kazanjian et al., 2000: 279) – hence, plays a crucial role in 
the development and success of complex new products (Amabile, 1996; 
Kazanjian et al., 2000).  
 
Torrence (1988) defines creativity as a process in which, besides the problem 
definition, the communication of ideas to others is a central aspect. Becker and 
Baloff (1969: 261) describe complex problem solving as “requiring specification 
of a number of potential solutions and the selection of one of these alternatives as 
the solution” [emphasis by authors]. Similarly Ball and colleagues (1998: 213) 
state: “Designers should generate and evaluate multiple design alternatives in 
order to increase the chances of attaining better design solutions than might arise 

                                                      
11 Cross (2000: 14f.) lists different characteristics of these ill-defined (non-programmed: Simon,  
    1977) problems: there is no definite definition for the problem, any problem definition may  
    embody inconsistencies, formulations of the solutions are solution dependent, proposing  
    solutions is a means of understanding the problem, and there is no definite solution for the  
    problem. 
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if they fixated upon an initial solution”. They argue that this ‘breadth-first’12 
solution development minimizes the designers’ commitment to existing solution 
ideas until all sub-problems have been explored at a particular level of detail. 
Thus, it reduces the amount of redesign work – and consequently cost and time 
– that needs to be undertaken if design ideas are found to be incompatible. This is 
especially critical for teams of MOMT projects that are performing complex 
design tasks under high time pressure and resource constraints. 

This means that for each of the complex design problems assigned to the teams 
the members need to generate a solution space (diverging activity) and evaluate 
these alternative solutions to select one (converging activity). These creative 
NPD activities need to be encouraged and managed by a systematic design 
approach (Leenders et al., 2007). The solution-finding process and the 
solution-selection process as a systematic design approach can both be described 
by a different design principle, namely systematic variation and satisficing 
respectively. 

3.2.2.1 Systematic Variation 
In the solution-finding process it is preferable to not look for solutions in an ad 
hoc fashion because good solutions may be overlooked or it could take a very 
long time to find them (Dym, 1994). New design methods, thus, need to be 
applied. They tend to formalize certain procedures of design (e.g., avoiding 
occurrence of overlooked factors, and widening the search) and externalize 
design thinking (Cross, 2000).  

Divergence leads to the extension and exploration of the problem space and 
identification of relevant factors, which results in a wide search for solutions 
(Cross, 2000; Jones, 1981). The problem space, hence, contains not only the 
actual solution but possible solutions that might be considered (Newell and 
Simon, 1972). 
 
As in MOMT projects – due to the complexity of the new design problems – 
existing solutions cannot be used one-to-one, new solutions have to be created 
within teams. For instance, Pahl and Beitz (1992: 86-108) give an overview of 
several methods that are useful in the search for new solutions to complex design 
problems: methods with a discursive bias (e.g., classification schemes and design 
catalogues) and methods with an intuitive bias (e.g., brainstorming and 
synectics). With these methods solutions for the design problem at hand are 
developed. This means the solutions are not only novel but also appropriate, 

                                                      
12 Newell and Simon (1972) distinguish between breadth-first strategy and depth-first strategy. The  
    first strategy refers to considering many different options before going deeper and deeper, while  
    the latter one refers to the deeper search before that part of the search tree is abandoned. 

                       
 + ☺
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useful, correct, and valuable (Amabile, 1996), also when they are not 
implemented (Kazanjian et al., 2000). 

Methods with an intuitive bias are likely to be applied more in the idea 
generation phase because of higher task uncertainty, while in a later design phase 
more methods with a discursive bias based on more knowledge are created13. 
However, they do not exclude but often complement each other (Pahl and Beitz, 
1992).  
 
In order to systematically search the solution space, for instance, a 
‘morphological chart’ (Zwicky, 1948 in Leenders et al., 2007: 169) – also known 
as ‘function means table’ (Dym, 1994) – can be created. Various characteristics 
and possible solutions are schematically represented, which encourages design 
teams to identify novel combinations of existing solutions by creatively varying, 
re-ordering and re-combining them – i.e., design principle ‘systematic variation’ 
(Leenders et al., 2007).  

This design principle is important in complex NPD like MOMT projects and as 
Cross (2000) and Tushman and Nadler (1996) state, successful innovation 
involves the creative, new combination of existing techniques, ideas or methods 
in order to widen the search for potential new solutions. In addition to finding 
multiple solutions for design problems, in the NPD process systematic variation 
is also applied to determine alternative decomposition of design tasks and, after 
finding solutions to these different design problems, to creatively recompose the 
decomposed task into overall solutions (Leenders et al., 2007). 

 

3.2.2.2 Satisficing 
From the many different solutions to a complex design sub-problem one has to be 
selected. The selected sub-solutions should not interfere with sub-solutions of 
other sub-problems that are combined for solving a higher-level problem (Dym, 
1994). Constraints are given by specifying objectives and performance (Cross, 
2000) that team members can locally, almost independently select solutions on 
the team level. 

In this converging stage the range of options needs to be reduced (Jones, 1981). 
Since design problems are ill-structured, there is no definite solution for the 
problem. There are many acceptable solutions (Dym, 1994). Hence, an objective 
true-or-false evaluation of a solution is not possible (Cross, 2000). This means 
there is no way of determining whether a solution is optimal or not. Additionally, 
it is not possible to recognize the best alternative until all alternatives have been 

                                                      
13 For instance, Kratzer (2001) highlights in his research on innovation teams the importance of  
    extraordinarily high degrees of creativity in the beginning of the innovation process  
    (i.e., conceptualization phase), whereas for the commercialization phase lower degrees are  
    sufficient but also required. 
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generated and evaluated (Frenken, 2001). Moreover, the ‘universally optimal’ 
solution often does not even exist (Leenders et al., 2007). As Manheim (1967 in 
Jones, 1981: 66) has pointed out that one cannot achieve an optimal solution, only 
an optimal search. This optimal search also requires an optimal solution-selection 
process.  
 
As Simon (1976) explains, because people rarely have the time, energy, or 
resources at their disposal to evaluate all possible alternatives, they satisfice 
(satisfy and suffice) instead of optimize. By satisficing a NPD team chooses a 
satisfactory solution that is acceptable after a search of only moderate length 
rather than exploring all alternatives and selecting the best one (Simon, 1996). 
This solution-search behavior in design situations is viewed as a rational and 
effective behavior within the bonds of cognitive processing constraints – 
bounded or limited rationality (Newell and Simon, 1972).  

The satisficing activity, thus, can be seen as a compromise between design and 
business objectives: set design specifications and schedule can be met within 
budget. It needs to be reached on a mutually acceptable decision rather than an 
optimal one (Janis and Mann, 1977). Hence, the search is for a solution that is 
satisfactory when judged by reasonable, often non-quantitative measures which 
are usually less restrictive than those applied in formal optimization (Dym, 1994). 
This means satisficing does not deny the value of evaluation and selection 
techniques – they are still important (Leenders et al., 2007). As Cross (2000) 
argues, the evaluation of alternatives can only be done by considering the 
objectives that the design is supposed to achieve. 
 
 
The latter two design principles are supposed to influence the intrateam 
problem-solving communication variables in MOMT projects, whereas 
hierarchical task decomposition – studied by the resulting degree of task 
interdependence – is expected to have an impact on intrateam as well as extrateam 
communication. A systematic design approach, thus, can be seen as antecedent to 
the intrateam as well as extrateam problem-solving communication in MOMT 
projects. In the next sections hypotheses on these relationships are stated, at first 
for the intrateam and then for the extrateam communication. 
  

                                                ☺
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3.3 Influence on Intrateam Communication 
As described above, all three systematic design principles have an influence on 
the communication variables within teams by defining the need and facilitating 
the process.  

3.3.1 Intrateam Task Interdependence  Intrateam Communication 
Because of the high number of diverse design tasks in complex NPD many teams 
with cross-functional members from different organizations need to be formed. 
Within these MOMT projects the team members are selected in accordance with 
the teams’ tasks, having complementary skills – i.e., high task interdependence. 
They need to communicate to combine their diverse expertise in order to jointly 
solve the complex design problems (Ancona and Caldwell, 1992b). 

As Mihm and colleagues (2003) state, by using cross-functional teams the 
number of dependencies among members considered increases, which in fact is 
the reason for establishing such a group. They further argue that cross-functional 
teams are better able to release and process preliminary information 
communication. Similarly, Emmanuelides (1993) states that such a close 
coupling will promote inter-functional learning and allow for joint problem 
solving and collective decision making. 
 
Since in MOMT projects the teams’ design tasks are still complex, they can be 
decomposed again and assigned to the different team members according to their 
expertise, which results in sub-groups. By assigning work to individuals and 
sub-groups of teams the accountability of the team members grows (Katzenbach 
and Smith, 1993). The individuals responsible for particular tasks are determined, 
which specifies how all tasks need to be integrated (Oosterman, 2001). This task 
interdependence among team members, that they are dependent upon one another 
to accomplish the collective work of the team, is a basic design feature of team 
structure (Campion et al., 1993; Wageman, 1995). 

Therefore, task decomposition within teams should not be taken too far. 
Separate but also joint problem solving is required within teams of MOMT 
projects, which also needs to be coordinated. Intrateam task interdependence, 
hence, is expected to influence the frequency and the team leader role in the 
problem-solving communication within teams. 
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Intrateam Task Interdependence  Intrateam Communication Frequency  
The greater the degree of interdependence, the greater the need is for 
collaboration and mutual adjustment among the team members (March and 
Simon, 1958; Thompson, 1967) as the interdependent tasks require many 
iterations of information transfer (Eppinger et al., 1994). Task interdependence, 
hence, affects the level of cooperation within a group (Saavedra et al., 1993). It 
thereby defines the problem-solving communication frequency within teams of 
MOMT projects.  

When there are high task interdependencies among team members it is less 
likely that sub-groups are formed; which otherwise would lead to segmentation 
and hence lower frequency of the intrateam communication. As Leenders and 
colleagues (2007: 174) define: “Subgroups refer to subsets of team members with 
frequent communication among each other but with infrequent interaction with 
others”. Instead, with a high degree of intrateam task interdependence there will 
be very frequent communication among all team members.  
 

H5: The degree of intrateam task interdependence affects  
    intrateam problem-solving communication frequency  
    positively. 

 
Intrateam Task Interdependence  Intrateam Team Leader Role 
In the coordination of the degree of task interdependencies within and with all the 
other teams in MOMT projects the team leaders play an important role. As 
Tushman (1978b) states, task interdependence requires coordination and joint 
problem solving. Depending on the degree of these task interdependencies the 
team leader role in the problem-solving communication is defined. As discussed 
in the second chapter, here a closer look is taken only at the intrateam level – how 
much the team leader is involved in the communication within teams. 
 
Within teams with low task interdependence team members can work relatively 
independently (Thompson, 1967), which reduces the need for interaction 
(O’Sullivan, 2003). As stated in Hypothesis 5, team members with lower task 
interdependencies are less likely to frequently communicate than team members 
with high task interdependencies. However, a certain degree of information 
exchange among these team members is required. As Saavedra and colleagues 
(1993) state, as they perform the different parts of the task in a flexible order they 
need to be coordinated.  

Hence, a managerial team leader, who can assure that enough but not too much 
problem-solving information is exchanged, is required. That is, a sufficient 
amount of relevant information needs to be provided while the amount of 
irrelevant information present needs to be minimized (O’Reilly, 1980). But the 
team leader does not personally need to be involved in the problem-solving 
process. Rather, acting as a manager or ‘process promotor’, the process is 
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managed, team members are motivated, and the different parts are combined 
(Hauschildt, 1998). 
 
In contrast, since interdependent team members are likely to communicate 
frequently, they exchange the information needed for solving the team’s design 
problems. Thus, they do not need much coordination by a team manager to assure 
the proper information flow among them.  

Instead, because of that high interdependence – representing a high complexity 
of the design problem – the team leader as chief engineer needs to be involved in 
the problem-solving process to contribute his specialized knowledge. As a 
‘technology promotor’ he is highly involved in and supports the generating and 
settling of solutions to solve problems (Hauschildt, 1998). 
 
However, when the task interdependence is very high the team leader needs to 
manage the interactions among the team members as it will be more difficult to 
solve the highly interdependent design problems when unexpected problems or 
changes occur. This is the task of the manager or ‘process promotor’, to redefine 
and adjust order of tasks/processes and the schedule (Hauschildt, 1998).  
 
This means the communication processes among almost independent team 
members need to be coordinated by a team manager. With increasing task 
interdependence, the team leader should have a chief engineer role rather than a 
manager one. But with a very high degree of task interdependence the team leader 
should act as a manager again. Therefore, an inversely u-shaped relationship – 
with a more positive shape – of the degree of task interdependence and team 
leader involvement in the problem-solving communication within teams of 
MOMT projects is hypothesized: 
 

H6:  The degree of intrateam task interdependence has an inversely  
   u-shaped relation to the degree of team leader involvement in 
  intrateam problem-solving communication. 

 
Because of the design task decomposition and resulting project structuring, the 
problem-solving process should mainly take place within teams. This means the 
highest task interdependence, and thus high problem-solving communication, is 
among members of the same team. As Brown and Eisenhardt (1995: 364) argue: 
“Successful product development involves relatively autonomous problem 
solving by cross-functional teams with high communication and the organization 
of work according to the demand of the development task”. 

Therefore, in the following sub-sections the influence of the design principles 
in the solution-finding and solution-selection process – systematic variation and 
satisficing respectively – on the intrateam problem-solving communication 
process in MOMT projects is studied. 
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3.3.2 Intrateam Systematic Variation  Intrateam Communication 
The solution-finding process is a divergent stage – an analytic process for 
searching the problem space (Hsiao and Chou, 2004) in which the 
problem-solving activities take place (Newell and Simon, 1972). The solution 
space developed can be broad, ranging from existing solutions to very new 
creative solutions. In this range, existing solutions can be creatively re-combined 
to widen the search for potential new solutions – systematic variation (Leenders 
et al., 2007; Tushman and Nadler, 1996).  

Since in complex NPD process existing solutions cannot be applied one-to-one, 
they are not discussed here. The focus is only on creativity techniques and 
systematic variation. As Kazanjian and colleagues (2000: 277) state, for the 
development of complex new products “existing knowledge may be inadequate 
to satisfy the new specifications, requiring designer to engage in creative 
behaviors such as brainstorming, searching for insights from seemingly unrelated 
contexts, and experimenting with emerging but unproven approaches”. 

The degree of systematic variation is defined by the degree to which methods 
with discursive bias opposed to intuitive bias are applied. The more discursive 
methods are used the higher the degree of systematic variation. This degree is 
expected to have an influence on the intrateam problem-solving process – how 
frequently team members have to communicate to be able to find new solutions 
and which role the team leader has to take.  
 
Degree of Systematic Variation  Intrateam Communication Frequency 
Teams that mainly apply methods with intuitive bias – low degree of systematic 
variation – need to have a frequent problem-solving communication to creatively 
create very new solutions.  

For instance, brainstorming as a flood of new ideas (Pahl and Beitz, 1992) was 
originally suggested by Osborn (1957) to provide conditions in which groups of 
open-minded people from many different fields bring any thoughts that occur to 
them, regardless of how impractical, and thus trigger off new ideas in the minds 
of the other participants. As Becker and Baloff (1969: 261) argue: “If all members 
of the group make contributions, a large number of alternatives will be specified, 
and therefore increase the probability that the set of alternatives will include the 
‘best’ solution”. Most of the ideas will subsequently be discarded, but perhaps a 
few novel ideas are identified (Cross, 2000).  

Synectics is another principle with intuitive bias, but a bit more systematic than 
brainstorming, which was first proposed by Gordon (1961). This technical 
neologism refers to the combination of various and apparently independent 
concepts from non-technical and semi-technical fields (Pahl and Beitz, 1992). 
This is similar to the definition of creativity by Maier (1970a 271): “Creativity 
[…] requires the combination of elements and events that have never been 
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experiences together – the generation of a new route from the starting point to the 
goal, made up of old routes”. 

Applying such creativities techniques requires frequent problem-solving 
communication among the differently specialized team member so that they can 
contribute and connect their diverse solution ideas. As Amason and colleagues 
(1995) state, in cross-functional teams the members’ new and different ideas can 
be used for developing creative solutions.  

Thus, because the creative thought process needs to be realized through 
interaction (Csikszentmihalyi, 1996 in Leenders et al. 2003: 71), frequent 
problem-solving communication among members in MOMT projects is 
important. By increasing the flow of ideas the area in which solutions are 
searched is expanded, allowing for more creative thinking and potential new 
solutions (Cross, 2000).  
 
In contrast, teams with a high degree of systematic variation in the 
solution-finding process will have a less frequent intrateam problem-solving 
communication. The systematic development of new solutions does not require 
team members to formulate an abundant set of complete solutions; rather, even a 
relatively small number of basic elements can usually be combined in many 
different ways (Leenders et al., 2007). 

Hacker (1997: 1093) describes this process of design problem solving as 
involving ‘knowledge-based opportunistic procedures’ for finding solutions: “It 
integrates the reactivation of already known solutions and the development of 
actual new ones”. Similarly, Rasmussen (1986 in Harvey and Koubek, 2000: 
381) argues: “The efficiency of humans in coping with the complexity of the 
physical world is due to an ability to apply knowledge from previous experience 
to new situations by selecting and freely combining models, rules, and strategies 
that have proven successful separately in other situations”. 

The need for frequent intrateam problem-solving communication is further 
decreased by applying systematic variation as the reuse of existing solutions 
brings a degree of routine to NPD tasks (Leenders et al., 2007). 
 
This means, the more the teams apply systematic variation – opposed to creativity 
techniques – in the solution-finding process, the less frequently the members 
communicate on problem-solving issues. 
 

H7:  The degree of systematic variation in the intrateam solution- 
  finding process affects intrateam problem-solving  
  communication frequency negatively. 
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Degree of Systematic Variation  Intrateam Team Leader Role 
As described above, teams with a low utilization degree of systematic variation in 
the solution-finding process mainly rely on creativity techniques like 
brainstorming or synectics. Applying such techniques requires coordination of 
the team processes because of differing requirements.  

For example, in synectics there should be more criticism than in brainstorming 
as group members attempt to build, combine and develop ideas towards a creative 
solution to the set problem (Cross, 2000). As in brainstorming, a large number of 
ideas have to be generated, other persons’ ideas should not be criticized; rather, 
try to build on them, take things a step further, use them as a stimulus for other 
ideas, or combine them with one’s own ideas (Cross, 2000). The team members 
need to be motivated to come up with many different ideas.  

The team leader, thus, has to act as a team manager or ‘process promotor’ and 
cannot be much involved in the problem-solving communication himself. 
 
With increasing application of systematic variation the team leader has to be 
involved to a higher degree. As a chief engineer or ‘technology promotor’ he 
contributes his/her specific technical knowledge to the innovation process 
(Hauschildt and Kirchmann, 2001). This team leader’s specialized solution 
knowledge is required to creatively create and also vary and re-combine it with 
other team members’ knowledge of new solutions. 
 
However, when there is a very high degree of systematic variation in the 
solution-finding process, less direct team leader involvement in the intrateam 
problem-solving communication is needed. For instance, design catalogues give 
a quick and problem-oriented access to accumulated comprehensive solutions or 
data (Pahl and Beitz, 1992). Instead of contributing his/her specialized 
knowledge to the problem-solving process the team leader has to manage that 
process. The re-combination of the different existing solution approaches needs 
to be coordinated. 
 
Based on the discussion above an inversely u-shaped relationship of the degree 
of application of systematic variation with the team leader role is hypothesized. 
The problem-solving communication process needs to be managed when there is 
a very low degree (i.e., creativity techniques mainly applied) and a very high 
degree of application. But with a moderate degree of application the team leader 
needs to be directly involved in this process. 
 

H8:  The degree of systematic variation in the intrateam solution- 
        finding process has an inversely u-shaped relation to the  
    degree of team leader involvement in intrateam problem- 
   solving communication.  
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3.3.3 Intrateam Satisficing  Intrateam Communication 
In a convergent stage – the solution-selection process – the range of options is 
reduced (Jones, 1981). From the different alternative solutions found to a design 
problem one needs to be selected. Within teams of MOMT projects this can be 
done based on performance criteria of being on time and within budget and/or 
meeting the product specifications. Meeting all criteria, teams have to select a 
good solution after a moderate length of time – satisficing (Simon, 1976). 

The degree of application of these different decision bases together, the degree 
of satisficing, is supposed to have an influence on the members’ task 
disagreement in the problem-solving communication within teams. At first a 
closer look is taken at the low degree of satisficing, namely basing decisions 
mainly on product specifications or on organizational issues. These two bases can 
be placed on a continuum with the average representing the satisficing activity.  
 

When within teams of MOMT projects solutions are selected based on the 
product specifications, a high degree of task disagreement in the problem-solving 
communication among the members is expected. As Saxton (1997) argues, in 
order to have access to the knowledge of the others, a close involvement in the 
decision-making process is required.  

This communication increases the opportunity for generating and synthesizing 
different points of view (Tushman, 1979). The level of disagreement in 
discussions can rise when various specialists are involved, who reflect the criteria 
from their own perspectives (Leenders et al., 2007). Team members discuss and 
reach consensus about which solution is good enough to solve the design 
problem. A solution will be a good one to the degree that constraints are satisfied 
(De Vries, 1994). But this solution selection based on specifications can be 
difficult in complex NPD. As Leenders and colleagues (2007: 171) put: “The 
specifications, and their interpretations, used to identify satisficing solutions are 
commonly open to debate and are, often, partially determined at the team’s 
discretion”. Therefore, there will be a high degree of task disagreement among 
the members within teams of MOMT projects that apply decisions mainly based 
on product specifications. 
 

A similar influence is expected when decisions in the intrateam solution-selection 
process are mainly based on organizational issues. As this decision basis is quite 
clear, team members need to be less involved. Rather, the team leader can take 
decisions based on standard procedures assessing adherence to time and budget 
requirements.  

But when team members are not involved in the solution-selection process they 
can disapprove of and reject the decision as they had no voice (Mayer, 1970c; 
Moye and Langfred, 2004; Simons and Peterson, 2000). Therefore more task 
disagreement among them is likely. 
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Satisficing, in contrast, is expected to lead to low task disagreement. Team 
members are involved in the decision-making process; hence, there is greater 
acceptance of solutions. But clear organizational issues also support this process, 
in which no high task disagreement is required. Therefore, based on the above 
discussion, a negative influence of the degree of satisficing on the degree of 
intrateam task disagreement is stated: 
 

H9:  The degree of satisficing in the intrateam solution-selection  
        process affects the degree of task disagreement in 
     intrateam problem-solving communication negatively.  

  
 

Since problem solving should mainly take place within teams the communication 
need should be reduced so that no frequent extrateam communication is required.  

3.4 Influence on Extrateam Communication 
A team’s task interdependence with other teams is defined by the design 
interfaces of the decomposed product (Smith and Eppinger, 1997; Sosa et al., 
2004). As stated before, the higher the task interdependence the higher the 
information-processing need. This positive influence is also expected for the 
teams’ task interdependence with the other teams in the MOMT project. As Loch 
and Terwiesch (1998) argue, the need for information processing is directly 
related to the degree of interdependence among the teams. The greater this degree 
of task interdependence, the greater the information requirements between the 
teams are (Galbraith, 1973), which leads to greater team interaction (Loch and 
Terwiesch, 1998) – a more frequent extrateam problem-solving communication.  
 

To reduce this information-processing need, according to the degree of task 
interdependence teams have to be organized into different sub-systems – division 
of labor – based on the task decomposition. As Simon (1976: 293) states: 
 

“From the information-processing point of view, division of labor means 
factoring the total system of decisions that need to be made into relatively 
independent subsystems, each one of which can be designed with only 
minimal concern for its interactions with the others. The division is 
necessary because the processors that are available to organizations, 
whether humans or computers, are very limited in their processing 
capacity in comparison with the magnitude of the decision problems that 
organizations face. The number of alternatives that can be considered, the 
intricacy of the chains of consequences that can be traced – all these are 
severely restricted by the limited capacity of available processors.” 

 

This division of labor, hence, reduces the problem-solving communication 
need among the sub-systems, while it increases the overall problem-solving 
capacity. It significantly clarifies the work of each sub-system (O’Sullivan, 
2003). Within these sub-systems, decisions on the system components can be 
made (at least partially) autonomously (Mihm et al., 2003). 

       ☺
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In MOMT projects, for instance, when teams work on tasks of the same product 
component they have high task interdependencies and, thus, can be grouped into 
a sub-system for the high information flow to take place where it required. Within 
these sub-systems highly interdependent teams can also be allocated to a 
sub-subsystem to jointly work on a decomposed component’s part since they 
require less problem-solving communication with the other sub-system’s teams. 
Sometimes also single teams represent a sub-system and work on a 
semi-independent component’s design tasks. They then generally have less 
external problem-solving communication.  
 
But because of the nature of complexity of being nearly decomposable14 the 
interdependencies among the sub-systems in MOMT projects cannot be 
eliminated. Rather, such complex projects – complex systems – have high 
interdependencies within and among the different sub-systems15 due to multiple 
interactions (DeMaio et al., 1994; Simon, 1996; Singh, 1997).  

That means a certain degree of frequent problem-solving communication 
among the teams of different sub-systems is likely. By modularization – building 
a complex product or processes from smaller sub-systems that can be designed 
independently yet function together as a whole (Simon, 1996) – defined standards 
for the performance of each sub-system are set which need to be met for the 
different sub-systems to function together effectively in the finished product 
(O’Sullivan, 2003). Therefore information processing among the sub-systems is 
required to resolve associated design conflicts (Kazanjian et al., 2000). This 
means because their sub-problems have to jointly generate a solution to the 
original problem they have to have a degree of interaction (Oosterman, 2001). 
The individual solutions have to be monitored so that neither assumptions nor 
constraints of the complementary sub-problem or the overall problem are violated 
(Dym, 1994). 

Hence, a positive influence of the degree of extrateam task interdependence, 
regardless of whether within or between sub-systems, on the frequency of 
extrateam problem-solving communication can be hypothesized: 
 

H10: The degree of extrateam task interdependence affects  
   extrateam problem-solving communication frequency  
  positively. 

 

                                                      
14  Complex systems are organized in hierarchies of sub-systems; the performance of each  
    sub-system is dependent on the performance of its components, while itself influencing and  
    being dependent on the higher order systems (Simon, 1996; Singh, 1997). Complex projects,  
    hence, cannot be decomposed into entirely independent sub-systems and teams. 
15 The communication among all teams in a MOMT project – within and across the sub-systems  
     – is discussed in more detail in Chapter 6 when addressing the influence of systematic approach  
     on interteam problem-solving communication. 
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3.5 Summary 
In this chapter a closer look was taken at how problem-solving communication in 
MOMT projects is influenced by a systematic design approach in the design 
process. Table 3.1 provides an overview of the stated hypotheses of the 
influences of different systematic design principles. 

This means a systematic design approach has an indirect influence on team 
performance. In the refined conceptual model the hypothesized relations 
addressed in the previous and present chapter are shown (see Figure 3.1 on the 
next page). The different principles of a systematic design approach are 
predicting variables, and team effectiveness and team efficiency are dependent 
variables. Problem-solving communication is studied as a predicting variable 
(hypotheses stated in the previous chapter) and as dependent variable (hypotheses 
stated in this chapter).  

These hypotheses are tested in the analysis part of the next chapter on the 
research design. In the fifth chapter the results are presented and discussed. The 
direct and indirect influence on project performance is mainly qualitatively 
studied in the sixth chapter, testing whether the same relations can be found on 
that global level like for the local-level relations presented in Chapter 5. Results 
found of both levels of analysis are combined and their implications discussed in 
Chapter 7. 
 
 
 

Table 3.1   Hypotheses on the influence of systematic design principles on the intrateam and 
extrateam problem-solving communication need in MOMT projects 

 

Systematic Design Approach Problem-Solving Communication 
Frequency Team Leader 

Role 
Task 

Disagreement 
 

intrateam extrateam intrateam intrateam 
Hierarchical Task Decomposition: 
  intrateam task interdependence 

 
 H5:.  

  
  H6: 

 

Systematic Variation  H7:      H8:   
Satisficing     H9:  
     

Hierarchical Task Decomposition: 
  extrateam task interdependence 

 
 

 
H10: 
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  Figure 3.1   Refined conceptual model for team performance (local-level relations)




