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4 Research Design 
This chapter provides an overview of the research approach. Based on the 
research questions stated in the first chapter, a quantitative as well as qualitative 
research design is applied. Two MOMT projects in the field of space research are 
studied – on the local, team level and on the global, project level. After 
introducing the research setting, the data-collection process, and the different 
methods and respective analysis are described. For testing the hypotheses stated 
in the previous two chapters the quantitative measures and analysis of the 
predicting and dependent variables, shown in the refined conceptual model for 
team performance (see Figure 3.2), are discussed. Subsequently, the qualitative 
research design – case study – mainly applied to study the direct and indirect 
influence on project performance is addressed. The results for team performance 
are presented in chapter 5 and for project performance in Chapter 6. 
 

4.1 Research Setting 
In this research the performance of complex NPD in MOMT projects is studied. 
The importance of problem-solving communication for team as well as project 
performance was highlighted, which in turn is influenced by the applied 
systematic design principles – represented in the preliminary conceptual model 
and formulated in the first two main research questions in Chapter 1. To study 
these research questions theoretically useful projects were selected, namely two 
space-research projects. As briefly stated in the first chapter, they were chosen 
because they possess the dimensions characteristic of increasing complexity in 
NPD: 
 

1. They develop complex new products 
2. in collaboration with many different teams with members from many 

diverse functions and organizations  
3. in an uncertain environment under high time and budget restrictions and 

high quality requirements. 
 

In accordance with an agreement made that projects need to be anonymous, 
only a brief description on point 1 and 3 can be given. In Project A a space-based 
product is developed and in Project B a ground-based product is developed (1). 
Both projects are characterized by high complexity and long duration. Hence, 
they face a high uncertainty and pressure as a well-performing complex new 
product has to be developed within a certain time and budget (3). Below a closer 
look is taken at point 2, the multiple organizations within multiple teams – 
MOMT – approach in the studied projects. 
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In addition to these three similar characteristics, both projects were in a 
comparable project phase and have a similar project structure. There is a 
hierarchy of teams – single or clustered teams that work in different sub-systems 
– where each team is responsible for a part of the overall design16. Thus, the two 
MOMT projects are similar enough to be combined into one sample.  
 
Before studying the multi-team approach the construct ‘team’ needs to be 
defined. There are various definitions of a team in an organizational setting but, 
in essence, they include the same aspects of interdependently acting people that 
are guided by a common purpose or goal (e.g., Cohen and Bailey, 1997; 
Katzenbach and Smith, 1993; Lipnack and Stamps, 1997; Lurey and Raisinghani, 
2001) and are identified as a team by their members and their organization (e.g., 
Maznevski and Chuboda, 2000).  

In this research the definition of teams offered by Hoegl and Gemuenden  
(2001: 436) was applied: “Following the literature, a team can be defined as a 
social system of three or more people, which is embedded in an organization 
(context), whose members perceive themselves as such and are perceived as 
members by others (identity), and who collaborate on a common task 
(teamwork)”. Organization here refers to the MOMT project that defines the 
context in which teams work in a large instrument consortium to jointly solve the 
overall design task of a complex new product. Within the teams the members 
collaborate to accomplish their team’s design sub-tasks. 
 
In MOMT projects, teams and team members join and/or leave the consortium 
dependent on the required expertise in the different project phases. In this 
research only the teams and members, including the formal leader17, were studied 
that have been working on the project at the time of data gathering.  

The initial sample of the two MOMT projects consisted of 48 teams comprising 
361 team members. These teams had an average size of 7.5 (median 6, standard 
deviation 4.1), ranging from 3 through 18. The team members’ tenure was 
between 7 months and 10 years (mean/median 4.5, standard deviation 2.5 years). 
They were almost exclusively (92.2%) male. 
 
Because in the development of complex new products like in the studied MOMT 
projects diverse specialized knowledge and skills are required that cannot be 
found in a single place, many teams were characterized by a high degree of 
cross-functionality and about a third of all teams were cross-organizational. 
There were only four non cross-functional teams, and three of them were also not 
organizationally diverse. These teams had a small average size of 5. 

                                                      
16 This decomposition into different sub-systems is discussed in more detail in Chapter 6. 
17 Please note: as in the previous chapters, if not made explicitly, following the term ‘team  
    members’ is always referred to as including the team leader. 
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The different degrees of heterogeneity within teams were calculated by the 
Blau index (4.1) applicable to such ordinal-scaled variables (Blau, 1977: 78): 

 

        1 – Σpi²           (4.1) 
 

where pi is the fraction of the population in each group (i.e., each function/ 
combination of functions, and each organization named). The possible range of 
this measure of heterogeneity within teams, from zero – no heterogeneity at all in 
the team – to almost 1, is dependent on the number of different categories by 
which the diversity variable can be defined. The degree of observed 
heterogeneity, hence, has to be seen in relation to this maximum value possible. 
In the studied MOMT projects it was .94, whereas the observed values were for 
cross-functionality18 .89 (mean .59) and for cross-organization .91 (mean .18). 

Teams with high cross-functionality are also expected to have a high degree of 
cross-organization. In literature this was a frequently stated reason for 
organizational collaborations to have access to the diverse functional 
specializations required (e.g., Harvey and Koubek, 2000; Kazanjian et al., 2000; 
Littler et al. 1995; Singh, 1997). This relation is also found in the two MOMT 
projects. There was a statistically significant correlation (r = .35, p < .05) between 
the two measures of cross-functionality and cross-organization. 

Although the team members are very specialized they can have multiple 
functions. Their main functional backgrounds were physicist (25.2%: mainly 
Dutch, German, British, and American), astronomer (23.5%: mainly Dutch, 
German, British, and Spanish), and computer scientist and electrical engineer 
(each 19.1%: mainly Dutch, French, and German). Most team members were 
working for organizations in The Netherlands (60.5%), Germany (11.1%), 
France (8.8%), and Canada and Spain (each 4.2%). 
 
These projects, hence, are suitable to achieve the research objective. As both the 
team and project performance of MOMT projects are central, different methods 
have to be applied to study the direct and indirect influence on these measures. 
This refers to the first and second research question. Team performance is studied 
mainly quantitatively, testing the hypotheses stated. For studying project 
performance a qualitative research approach – case study design – needed to be 
applied because only two projects are studied. Therefore the main means of data 
collection were questionnaires and interviews, as briefly described in the 
following section. In the sections after the quantitative and qualitative research 
method are addressed separately in more detail. 

                                                      
18 To have an as complete picture as possible of each entire team in the MOMT projects, answers  
    from the team members and team leader from the questionnaires, and from team leader interview 
    referring to the functional background of the team members were taken. They show no big  
    differences in their answers. Multiple answers were possible for indicating the team members’  
    specialization(s). 
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Method Time of Data Gathering Number 

Observations Spring 2004 6 
Attending meetings From Spring 2004 to Summer 2005 10 
Pre-test questionnaires Winter 2004 108 
Questionnaires Summer 2005 165 
Team leader interviews Summer 2005 38 
Manager interviews Summer 2007 4 

Table 4.1   Data-collection process 
 

4.2 Data-Collection Process 
At the beginning of the data-collection process, in addition to an explorative 
study of relevant documents19, selected persons (n = 6) with different functions 
(i.e., team leaders, team members, and secretary) were observed in their daily 
work, and several meetings were attended to gain a better insight in the 
space-research projects. Observation schemes to mainly cover communication 
activities were used to get comparable results from the different observations. 

At consortium meetings of the MOMT projects presentations were given to 
introduce the present research project and to encourage the team members to 
participate in the study by filling out a questionnaire and the team leaders to be 
open for interviews in addition to responding to the questionnaire. They had the 
opportunity to ask questions, thereby reducing possible uncertainties related to 
the survey and the research in general. Additionally, subsequent presentations of 
the results were offered to increase the interest and motivation for participation, 
which was especially an incentive for managers who were also interviewed. 
Progress and results were presented and discussed at research meetings twice a 
year that, in turn, provided feedback for data analysis and interpretation.  

An overview on the data-collection process, the pre-collection for exploration 
and validation and the main collection, is given in Table 4.1. As shown in the 
table, quantitative as well as qualitative data were collected in this research. In the 
following a closer look is taken at these two research methods. 

                                                      
19 They were used to identify key informants as well as to get background information. But 
    to ensure anonymity, the description of the research setting had to remain general in character. 
    Therefore not much data from documents was applied in the documentation of this research. 



.                                                                                Quantitative Research Method 

 

 59 
 

4.3 Quantitative Research Method 
In this section the questionnaires and different measures of the predicting and 
dependent variables of hypotheses testing and the analysis method are addressed. 
Additionally, for the case study research in Chapter 6 quantitative measures of the 
interteam problem-solving communication frequency and interteam task 
interdependence for each MOMT project were calculated by applying the 
respective extrateam measures of all teams of the project. 

4.3.1 Questionnaires 
The questionnaires were administered in the English language for all team 
members regardless of their national affiliation. The validity was tested by a 
pre-test in both studied MOMT projects. Some adjustments needed to be made 
(e.g., reformulation of and/or use of different scales for some questions).  

The final questionnaires contained questions concerning the respondent 
(education, functional background, working time on the project, and age) and the 
team he/she belongs to (e.g., activities in the problem-solving process and 
performance aspects). For network questions – data including the measurements 
on the relationships between social entities (Wasserman and Faust, 1999) – they 
were personalized. In this research it was applicable to the problem-solving 
communication and task interdependence among the team members and teams. 
For these questions a complete list of the names of the respondent’s team 
colleagues and of the other teams in that MOMT project was provided that he/she 
could unequivocally answer. Applying such rosters is a common procedure to 
collect communication (Kratzer, 2001; Rogers and Kincaid, 1981) and other 
network data (Wasserman and Faust, 1999).  

Filling out the questionnaire took about 20 minutes, mainly dependent on the 
size of the team the respondent belongs to. The analyzed questions are attached in 
the appendix. 
 

The questionnaires were sent via post, including a self-addressed envelope. The 
cover letter emphasized that participation is entirely voluntary and that responses 
will be processed in strict confidentiality, while at the same time also highlighting 
the importance of the research. The team members had one month to fill out and 
return the questionnaire; taking into account the organizational dispersion across 
different countries and the high time pressure and/or work load in the studied 
MOMT projects.  

After one month a reminder was sent via e-mail to those who had not responded 
yet, and a half month later questionnaires were resent via post and some also via 
e-mail when requested by team members. Additionally, with the teams that had 
a low response rate the leaders were called to ask for support by reminding and 
motivating their team members to fill out and return the questionnaire.  
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The main reason for not participating in the survey was the time pressure the team 
members were facing during the time of data gathering. There were also a few 
team members who generally refused to take part because they were not 
interested in this research or were still afraid that information would be passed on 
to the higher management.  

Also, the lack of support for the research and motivation by some team leaders 
seems to be an important aspect. There was a highly statistically significant lower 
response rate from the team members whose team leader had not responded (n = 
12) in comparison with the other teams (n = 36) (t = -12.28, p < .001).  

To control for whether these non-respondents would have given another 
opinion of the MOMT project a closer look was taken at the team leader 
interviews, of both respondents and non-respondents of the questionnaires. 
Because no big difference in their answers was found, it can be concluded that the 
non-response is due to a lack of interest and high time pressure, and not because 
of strongly contrasting opinions. 
 
The total response rate for both MOMT projects achieved 45.7 percent (Project 
A: 44.1%, Project B: 49.1%). The collected data was made anonymous 
immediately upon receipt of the questionnaires. On average the respondents were 
aged 42.5 years (median 41, standard deviation 10.6); the youngest was 24 and 
the eldest 67. Most respondents had an academic education (27.4%), followed by 
a doctorate (20.4%), polytechnic education, and a post doctorate (each 19.5%). 
Almost half of the respondents (48.7%) were also working for other projects. 
These respondents’ characteristics are representative for the projects, as 
confirmed by the management of the MOMT projects.  

Additionally, comparing characteristics of respondents with the ones of 
non-respondents, there were no big differences in their gender (χ² = 1.208,  
p = .272), functions (i.e., astronomers, computer scientists and all different 
engineers: ranging from χ² =.017, p = .897 to χ² = 2.517, p = .113), and project 
affiliation (χ² = 2.019, p = .155). This reduces the risk of biased data due to the 
moderate response rate. 

Moreover, in order to keep the risk low, for hypotheses testing only the teams 
with responses of at least two members were selected20, obtaining a final sample 
of 40 teams out of the initial 48 teams (Project A: 23 of 26 teams, Project B: 17 
of 22 teams) with a response rate of 49.3 percent. The response rate is slightly 
higher than the above-presented total one of 45.7 percent. Dependent on the 
variable analyzed there can be a lower number of teams studied as some 
questionnaires were not filled out completely, and also not all team leaders 
answered – the latter is only applicable to the measure of team leader role.  

                                                      
20 Although a team was defined as having at least three team members, here such teams with at  
    least two respondents of the three or more members were applied as otherwise the final sample  
    size would have been much smaller: 30 instead of 40 teams. 
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For further analysis responses of at least two members of a team were required 
in order to be able to test the validity of their answers referring to the diverse team 
aspects, and then to create a team mean for reliable measures. This central 
tendency of teams – pooling of members’ answers – had to be calculated because 
the teams were the main unit of analysis. The team mean was only not computed 
for a few variables, namely when studying the team leader role and the degree of 
task disagreement, as discussed in the respective sub-section.  
 

4.3.2 Measures 
In the questionnaire the different variables of the refined conceptual model were 
mainly measured on 7-point Likert scales. Research has shown that these scales 
can be judged as approximately interval response scales because they can be seen 
as continuously distributed (e.g., Cooper, 1976; Miller, 1956). Like Jaccard and 
Wan (1996: 4) summarize in their literature review on that topic: “for many 
statistical tests, rather severe departures (from intervalness) do not seem to affect 
Type I and Type II errors dramatically”. 

Therefore, for these data interval procedures were applied. 21  To test the 
reliability prior to aggregating the team members’ reports, their agreement in 
ratings of the different items measured on a 7-point Likert scale had to be 
assessed. The within-group inter-rater reliability (IRR) score, suggested by James 
and colleagues (1984), was calculated for each team. Most variables were 
measured by single items, for which a different IRR test was required than for 
variables that were measured by multiple items. For single items James and 
colleagues (1984: 87) proposed the following equation (4.2): 
 

 
 
where rWG(I) is the within-group IRR for a group of K judges (i.e., respondents of 
a team) on a single item Xj; s   is the observed variance on Xj; and σEU² is the 
variance on Xj that would be expected if all judgments were exclusively due to 

                                                      
21 The decision of applying 7-point Likert scales as interval scales has been supported, comparing  
    the results of testing hypotheses – treating variables as continuously distributed – in linear  
    regression with the results of non-parametric test – applying these scales as ordinal. Relations     
    stated in hypotheses on linear influences that were supported in the linear regression were also  
    found in Mann-Whitney U tests, showing a statistically significant difference in the predicting  
    variable between the two independent samples of low and high degree of the dependent variable.  
    This means there is a big difference in the mean ranks of both samples, which are higher in the  
    high-degree sample when there is a positive influence and lower when representing a negative   
    influence. For instance, the hypothesis on the negative influence of extrateam problem-solving   
    communication frequency on team efficiency was also supported in the non-parametric test as  
    high-efficient teams had a statistically significant lower mean rank than low-efficient teams  
    (16.66 vs. 23.18, p = .073), showing that teams are more efficient when they have a less frequent  
    extrateam communication. 

rWG(I) = 1 – (s  /σEU²)            (4.2) xj 

xj 
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random measurement error. For the expected variance the equation (4.3) is as 
follows (James and colleagues, 1984: 87): 

 

 
 

where the subscript EU refers to an expected error (E) variance based on a  
uniform (U) distribution; A refers to the number of alternatives in the response 
scale, varying from 1 to A (i.e., A = 7 because of the use of 7-point Likert scales). 
Thus, in this research the variance expected on Xj is always 4 because  
σEU² = (7² – 1)/12 = 4. 

For testing the IRR of multiple items another equation (4.4) had to be applied 
to estimate the IRR among the judges’ mean scores (James et al., 1984: 88): 
 

 
 
 

where rWG(J) is the within-group IRR for the judges’ mean scores (i.e., team 
members’ means) on J essentially parallel items,       is the mean of the observed 
variances on the J items, and σEU² has the same definition as before.  

Averaging these reliability scores for each measure (single item or multiple 
items) justified the use of the arithmetic mean as a team score. The mean IRR’s 
were all at least .70 (as recommended by Nunnally, 1978). This indicates a high 
homogeneity of the within-team ratings. In the following sub-sections, for the 
interval-scale treated variables, the IRR each is presented and discussed. Where 
it was appropriate, additional tests were applied to test the reliability. 
 
As the network questions were measured differently in the questionnaire, other 
reliability tests of the answers were required before calculating the members’ 
mean as a team score, or respectively before relying on the measure for the team 
leader role. In the rosters with a complete list of the other actors the respondents 
had a free choice to rate, give values to the strength of the ties with all these actors 
based on the multiple response categories provided (Wasserman and Faust, 
1999). That means there were no constraints on the number of relations with team 
members and teams to report the frequency of problem-solving communication 
and degree of task interdependence with. 

Using such ratings or full rank orders are more reliable (have higher test-retest 
reliability) than fixed choice designs in which just a few responses are allowed 
(Mouton et al., 1955). As Marsden (1990: 456) states: “It is generally agreed that 
designs should not constrain network size to be identical for all units. 
Recognition methods, when feasible, will provide more complete coverage of 
networks than recall methods, and recall will be biased towards inclusion of 
stronger links”. Therefore, all names of social entities (team members and teams) 
were provided and choice was not restricted in the rosters.  

       
 xj 

σEU² = (A² – 1)/12            (4.3) 

J[1 – (sx ²/σEU²)] + (s  ²/σEU²) 
J[1– (s  ²/σEU²)] xj 

 

 rWG(J) =                   (4.4) 
xj xj 

 
s 
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To further assess the reliability of these network data the reciprocity of the 
sociometric choices can be tested (Hammer, 1985; Tracey et al., 1990), as 
described in more detail in the sub-sections on the average frequency of and team 
leader role in the problem-solving communication and on the degree of task 
interdependence. As Marsden (1990) states, high rates of reciprocation suggest 
that self-reports reflect more than mere respondent perceptions, which especially 
applies to reports on typical social relations – not put in highly specific time 
frames – representing relatively stable patterns.  

Reciprocity or mutuality (M) among the team members or teams in the studied 
MOMT projects is given when two actors report the same value of their 
communication frequency or degree of task interdependence with each other. 
These dyads D consist of actors i and j (i.e., team members or teams) in the 
sociomatrix X (i.e., intrateam or extrateam), denoted by Dij = (Xij, Xji) and i < j that 
every pair of actors is considered just once. Following Wasserman and Faust 
(1990: 512) the frequency of mutuality is calculated by the equation (4.5):  

 
Within the teams are exactly ( ) = g(g – 1)/2 dyads, where g is the number of 

team members (cf. Wasserman and Faust, 1999: 510). For calculating a team’s 
reciprocity in the extrateam interaction, there are g – 1 dyads, where g is the 
number of the other teams in the MOMT project. This means the reciprocity of all 
possible ties a team member or team can have with the other team members or 
teams respectively that have responded was analyzed in UCINET22. Answers 
from both actors of a dyad were required to be able to study the reciprocity in 
their reports on that relationship. 

The equation (4.5) above was proposed for binary data (i.e., mutual dyad (1,1), 
asymmetric dyad (1,0) or (0,1), and null dyad (0,0)). But it can also be applied for 
valued data to calculate in how many dyads the reported values are mutual (1):  
Num(Xij = Xji), rather than asymmetric (0): Num(Xij ≠ Xji). This reciprocity or 
‘valued mutuality’ value, thus, can range from 0 (no reciprocity at all) to 1 (all 
dyads are reciprocated). A high reciprocity on the average communication 
relations and task interdependence can be regarded as reliable because it 
represents very similar answers on these social patterns. 

As with non-network data, additional reliability tests specific for some 
variables were applied. For both data types the reliability discussion of variables 
is also based on theoretical argumentations and empirical findings of other 
studies. 

 

                                                      
22 Software for social network analysis; authored by Borgatti, Everett, and Freeman (2002).  
    Please note: if not made explicitly the other tests and calculations have been done in SPSS. 

M =    XijXji                                    (4.5) 
i<j 

g 
2 

Σ
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4.3.2.1 Team Performance 
In NPD literature the conceptualization of team performance is a 
multidimensional construct (e.g., Ancona and Caldwell, 1992b; Hoegl and 
Gemuenden, 2001; Keller, 1994; Pinto et al., 1993). In this research the definition 
by Hoegl and colleagues (2004: 39) was applied. They define team performance 
as “the extent to which a team is able to meet established objectives. In product 
development projects, specific dimensions of team performance include the 
adherence to predefined quality, schedule (time) and budget (cost) objectives”.  

These three dimensions of team performance were measured subjectively. 
Team members were asked to report how they perceive the performance of their 
team with respect to these different aspects. On a 7-point Likert scale, ranging 
from 1 (strongly disagree) through 7 (strongly agree), they could indicate their 
agreement with these statements referring to team effectiveness and team 
efficiency, which were discussed separately in the second chapter. As Keller 
(1994) states, since performance dimensions are often quite different from one 
another the use of a global performance variable may hide relationships between 
independent variables and separate performance dimensions. 

Team effectiveness was defined by the degree to which the team meets the 
expectations regarding the quality of the outcome – the item on meeting 
specifications and requirements. Team efficiency was measured by two items 
referring to the adherence to the planned schedule and budget (Cronbach’s alpha 
.71). Thus, “effectiveness reflects a comparison of actual versus intended 
outcomes, whereas efficiency ratings are based on a comparison of actual 
intended inputs” (Hoegl and Gemuenden, 2001: 438).  

In addition to this theoretical distinction, there are also statistical reasons to 
study effectiveness and efficiency separately. Running a principal component 
analysis (PCA) with an eigenvalue over .70 (Joliffe rule: Garson, 2007), and 
applying the varimax rotation to maximize the variance of the squared loadings 
of a factor, two components were extracted23. In the first component time and 
budget were loading highest (.89 and .82 vs. quality .19) while in the second 
component it was quality (.98 vs. time .10 and budget .28). Hence, it was found 
that the measures created to represent the two latent variables of team 
performance really belong together in this manner.  
 
However, self-report measures are often criticized, mainly because people are 
unable to report their performance accurately due to reasons of poor introspection 
(Locke et al., 1988). Since in this research team members were asked to evaluate 

                                                      
23 As the Kaiser-Mayer-Olkin measure of sampling adequacy was above .50 (KMO .626) and the  
    Bartlett’s test of Sphericity (χ² = 73.021) was less than .05 (p = .000) the results can be regarded  
    as useful. 
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their team’s performance rather than their own, this effect should be small. This 
relation of quasi-self reports can be translated from the study on NPD team 
success factors by Cooper (1981 in Leenders et al., 2007: 173f.), where he 
achieved accuracy levels of over 80 percent when he asked team members to 
assess the projects they participated in. More ‘objective’ results, thus, are often a 
product of ‘subjective’ ratings (Ancona and Caldwell, 1991). 

Additionally, as Leenders and colleagues (2007) argue, there is evidence that 
self-ratings highly correlate with more objective measures in cases when 
anonymity is promised. In this study that assurance was stated in the cover letter 
of the questionnaire where it was made clear that data are treated confidentially 
and are made anonymous immediately upon receipt of the questionnaires. 

Another option to have more ‘objective’ data is to take assessments for team 
performance from different persons in order to compare and combine them. As 
Cohen and Bailey (1997) state, the evaluation of team performance is based on 
who is rating it. For instance, Hoegl and Gemuenden (2001) found in their study 
on teamwork quality and performance that the rating of team performance can 
vary by the perspective of the performance rater. They studied it by comparing 
ratings from the manager, team leader, and team members. 
 
Therefore, in this research a closer look is taken at whether there is a difference in 
the ratings for the two team performance aspects between the team members and 
team leaders. Team leader data was available to test the reliability of self-reports 
for the team effectiveness of 32 teams and for the team efficiency of 33 teams. For 
these teams the team leader ratings were compared with those of the team 
members. The average team leaders’ rating for team effectiveness was with 5.59, 
which was only slightly lower than the ratings given by the team members (5.68). 
There is also only a slight difference between the average team leaders’ rating of 
team efficiency (4.45) and the team members’ ratings (4.39). A paired-samples 
t-test of the difference between these two samples – team leaders versus team 
members – did not show a statistically significant difference between the two 
ratings for team effectiveness (t = .31, p = .76) and team efficiency (t = -.37, p = 
.72). The null hypothesis that the two related means are the same, hence, could 
not be rejected. 

Additionally, the IRR scores indicated high homogeneity of the within-team 
ratings for both team performance measures. The mean IRR score for the 
single-item measured team effectiveness (n = 38) was .92. For team efficiency  
(n = 39) the inter-rater agreement was assessed using the multiple-item estimator 
for within-group IRR (as proposed by James et al., 1984) because it was 
measured by two items. These two items – adherence to schedule and to budget 
– met the essential assumption of being parallel to calculate the IRR’s for each 
team. The chi-square model goodness of fit (χ² = .023, p = .88) has shown that the 
null hypothesis that the items have equal variances and error variances in the 
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population cannot be rejected. The average IRR score for team efficiency across 
all teams was .86. 
 
In summary, using quasi-self report data seems to be a valid procedure for 
measuring team performance. Thus, for each team of the studied MOMT projects 
the degrees of the members’ and leader’s agreement to the above-stated 
performance items were used to calculate the team mean of team effectiveness 
and team efficiency. For team effectiveness the overall mean was higher (5.6, 
ranging from 4.0 to 7.0) than for team efficiency (4.4, ranging from 3.3 to 6.5). 
 

4.3.2.2 Frequency of Communication 
In this research, problem-solving communication was defined as the interaction 
concerning the discussion, development, or evaluation of new ideas or 
approaches to technical problems (Katz and Tushman, 1979); technical or 
scientific help or advice; and the distribution of scientific or technical information 
(Kratzer, 2001). 

The frequency aspect refers to how often team members and teams 
communicate on average on problem-solving issues. But it does not include how 
much time they spend for each interaction, and whether it is formally (in 
meetings) or informally, and which communication means are used. In two 
rosters the respondents could indicate the frequency of their own and their team’s 
problem-solving interaction along a scale of less than monthly, monthly, weekly, 
and daily. Measuring communication frequency by such valued relations – 
strength of ties (Wasserman and Faust, 1999) – is a common procedure (e.g., 
Kratzer, 2001).  

The mean of the respondents’ communication frequency within and with the 
other teams was used to measure the teams’ intrateam and extrateam 
communication frequency respectively. Also the ties to non-respondents were 
included as, for instance, Sosa and colleagues (2004) have shown in their 
research that reciprocal interactions for teams whose responses were missing can 
be assumed. Additional analysis without these teams was consistent with the 
findings reported in their article. In this research that assumption is also applied 
to the intrateam interactions of members who have responded with the 
non-responding ones. 

Before calculating the team mean, for both interaction measures the reliability 
of the different team members’ answers were tested. 
 
At first the reports on the team members’ own interaction in the problem-solving 
communication within their team are discussed. This self-report technique can be 
problematic as the information given is likely to be influenced by the individuals’ 
perception of their interaction (Monge and Contractor, 1988). Considerable 
research has been done on ‘informant accuracy’ in social network data 
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(Wasserman and Faust, 1999). For instance, studies by Bernhard, Killworth and 
Sailer in the 1970s and 1980s (for overview and discussion see Marsden, 1990: 
445ff.) has shown that approximately half of what people report about their own 
interactions in particular situations is incorrect.  

Krackhardt (1987) and Marsden (1990) describe this phenomenon by 
distinguishing between perceived (cognitive) and actual (observed) 
communication frequency. There are several reasons why the frequencies of both 
types differ, like size of the network, the total volume of communication 
(Marsden, 1990), and the duration of the relationships (Hammer, 1985). 
However, this reported perceived communication frequency can represent how 
much effort a team member puts in his/her work, thus, influence the performance 
of the team. Like Krackhardt (1987: 128) emphasizes: “Perceptions are real in 
their consequence even if they do not map one-to-one onto observed behaviors”. 
Additionally, Freeman and colleagues (1987), drawing on principles of cognitive 
psychology, found that the report people make about their interactions is related 
to long-term social structure, rather than to particular instances. 
 
Compared to the team members’ report on their own problem-solving 
communication frequency within the team, the reliability of their answers for 
their team’s extrateam interaction can be more problematic. As Marsden (1990) 
states, reports are good for relations that involve the informant’s own activities. 
There can be problems with the accuracy when team members do not have 
enough insight in their team’s external communication activity. In order to reduce 
the risk of low reliability, answers of multiple agents (i.e., team members and 
team leaders) can be combined (Marsden, 1990). 
 
To test the reliability, or agreement, of the team members’ answers on their own 
and their average team’s interaction – representing relatively stable patterns 
within the MOMT project – the reciprocity of these interactions was studied. For 
instance, Hammer (1985) found in her research on three studies that reciprocated 
reports are substantially more likely to match observed interactions than 
unreciprocated reports. Additionally, most network data appear to be of better 
quality for close and strong ties – like closeness, duration, and frequency of 
interaction – than for distal or weak ones, which are “positively related to an 
‘intimacy’ focus which appears to be the most consequential property of social 
ties for explaining the outcomes of the searches studied” (Marsden, 1990: 455). 

Within the teams (n = 40) of MOMT projects the reciprocity in the respondent’s 
problem-solving communication frequency was tested for the interactions with 
other respondents of that team. The reciprocity measure, when tested for answers 
based on the whole frequency scale (less than monthly through daily), ranged 
from 0 (no reciprocity at all) to 1 (reciprocity with all other respondents) – mean 
.58 (median .57). This means about 50 percent of the dyadic relationships of the 
team members were reciprocated. As the communication frequency can be 
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reported as higher or lower by the team members dependent on the general degree 
of interaction24, it was dichotomized into low (0: monthly and less than monthly) 
and high (1: weekly and daily) to check here for reciprocity. By doing so the 
median of reciprocity greatly increased to 1 (mean .85), which shows that in most 
teams the respondents agreed on whether they communicate less or more 
frequently with each other.  

To test the reciprocity among the teams each mean – if necessary rounded to 
integer numbers – of a team’s problem-solving communication frequency with 
another team was taken. Similarly to the reciprocity within teams, the initial mean 
of reciprocity of .57 (ranging from .18 to .82, median .60) could be greatly 
increased to .85 (ranging from .63 to 1, median .88) by distinguishing the 
frequency of problem-solving communication into low and high (less than 
weekly and at least weekly). In this measure more than three-quarters of all dyads 
between the teams were reciprocated. 
 
As a high reciprocity is given when the intrateam and extrateam problem-solving 
communication frequency is dichotomized to less than and at least weekly 
communication, these grouped answers seem to be the most reliable and hence 
were used for further analysis. The team means were created from these 
measures. On the scale from 0 to 1, within the teams – intrateam – the 
problem-solving communication frequency varied from .04 to 1 (mean .68), and 
with the other teams – extrateam – from 0 to .76 (mean .18). 

For Chapter 6 the interteam problem-solving communication frequency – the 
entire network of the different extrateam weekly interactions among all teams of 
a project – was calculated by the density R/g(g – 1), with R the number of present 
weekly extrateam communication links and g the number of ties possible 
(Borgatti et al., 2002). The measure varies from 0 (no weekly communication 
within the project) to 1 (every team communicates with every team at least 
weekly). For Project A the density or interteam problem-solving communication 
frequency was .14 and for Project B .22.  
 

4.3.2.3 Team Leader Role in Intrateam Communication 
After the discussion on the overall problem-solving communication frequency 
within teams of MOMT projects, a closer look is taken at the team leader role – 
the involvement or activity – in this interaction. The team leader role is placed on 
a continuum ranging from pure team managers (‘process promotor’) who have 

                                                      
24 As Hammer (1985: 190) states: “One might expect relatively low frequency interactions which  
    are strongly supported by multiple high frequency common connections to be over-reported –  
    and, by the same process, one might expect medium or low frequency cross-cluster (or  
    cross-group) relationships to be under-reported”. 
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very low involvement, over hybrids to pure chief engineers (‘technology 
promotor’) who have very high involvement. 

Because of complex NPD in MOMT projects, team leaders are expected to be 
more active (i.e., more chief engineers than managers) in the intrateam 
problem-solving communication than the other team members. Performing a 
paired-samples t-test, including 32 teams where the team leader responded, 
supported this expectation (t = 2.72, p < .05). Team leaders communicate 
statistically significantly more frequently (mean 3.15) than the other members in 
the team (mean 2.79).  

To study the team leaders’ communication activity their ego-network was 
analyzed. Wasserman and Faust (1999: 53) define: “An ego-centered, or local, 
network consists of a focal person or respondent (ego), a set of alters who have 
ties to the ego, and measurements on the ties from ego to alters and on the ties 
between alters”. The latter interactions were not included in the analysis of team 
leader role, only the direct ties from and to the team leader. A difference in the 
value of these ties in a dyad (team leader with a team member) can be likely 
because the frequency of problem-solving communication is self-reported by 
both actors. 

Therefore, the reliability of the team leader’s report on the average 
communication frequency with the other respondents of the team and of these 
team members’ the average communication frequency to that team leader, in turn, 
was checked by two tests. Firstly, the similarities in the answers of both samples 
as measure of reciprocity – team leader and team members – were analyzed by a 
paired-samples t-test, which reveals that there is no statistically significant 
difference in their reports (t = -.01, p = .93). Hence, both sides agree to 
communicate at a similar frequency with each other. Secondly, the dyad 
reciprocity of all ties the team leader has with other respondents of the team was 
analyzed. In the reported communication based on the whole frequency scale, 
from less than monthly through daily, the mean of reciprocity was .56 (ranging 
from 0 to 1, median .50). After dichotomizing the communication frequency into 
low frequency (maximum monthly) and high frequency (at least weekly) – like it 
was done in the previous sub-section – the average dyadic reciprocity was greatly 
increased to .84 (median 1).  

These reciprocity results, in addition to the theoretical discussion on the 
reliability of self-reports in the previous sub-section, showed that the 
dichotomized team leaders’ as well as team members’ reports on the 
team-leader–team-members interaction can be used for further analysis.  
 
To calculate the team leader’s activity (i.e., centrality: Borgatti et al., 2002) in the 
intrateam problem-solving communication his out-degree is applied. Based on 
Freeman (1979), the degree centrality of an actor or node, d(ni), in a directed 
graph is measured by the actor-level out-degree centrality index CD(ni) defined by 
the sum of actors j (number of team members) adjacent to actor i (team leader) 
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(Wasserman and Faust, 1999). As the centrality measure is dependent on the 
group size g, its maximum value g – 1, Wasserman and Faust (1999: 179) have 
proposed a measure (4.6) for the standardized degree centrality C’D(ni): 

 
This standardized or normalized degree centrality is the degree divided by the 

maximum possible degree (Borgatti et al., 2002). As C’D(ni) is mathematically 
independent from team size, it enables a comparison across all team leaders’ 
degree centrality (i.e., activity or involvement) in the problem-solving 
communication within their team. These normalized values should only be used 
for binary data (Borgatti et al., 2002) – actors being adjacent (1) or not (0) –, 
which is given with the dichotomized problem-solving communication frequency 
of the team leader with the other members in the team: actors communicate at 
least weekly (1) or not, namely maximum monthly (0). 

The team leaders’ problem-solving communication activity, hence, could range 
from zero (team leader communicates with no team member on a weekly basis – 
pure team manager or ‘process promotor’) to 1 (team leader communicates with 
all team members at least weekly – pure chief engineer or ‘technology 
promotor’). In the studied teams it varied from 0.11 to 1 (mean .81). As defined 
in Chapter 2, low activity in the problem-solving communication compares to the 
team leader role of a manager, while high involvement compares to the team 
leader role of a chief engineer. 
 

4.3.2.4 Degree of Task Disagreement in Intrateam Communication 
Task disagreement is termed differently in literature: for instance, polarity (e.g., 
Kratzer et al., 2006; Muller, 1999; Van Engelen et al., 2001) or conflict (e.g., 
Baron, 1991; Jehn, 1995; Pelled, 1995; Tjosvold, 1985). But in essence these 
authors refer to the same status of team members having different opinions and 
perspectives on their work. In this research task disagreement in the intrateam 
problem-solving communication is defined as the extent to which team members 
disagree with each other on goals and exchange disagreeing points of view in the 
solution-finding and solution-selection process of the NPD. This means they can 
disagree about the way of working and there can be differences of opinions and 
ideas (Moye and Langfred, 2004).  
 
Related to the solution-finding process, team members can disagree on the 
innovativeness and productiveness of their team. In the solution-selection process 
they can have different opinions on the quality and on the newness/originality of 
solutions they have found. In this research task disagreement is measured by the 
members’ judgments on team outputs because this can show that there are 
different opinions on how the task should have been solved. 

d(ni) 
g – 1   C’D(ni) =    (4.6) 
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For the above-named four items the team members each could indicate on a 
7-point Likert scale to what degree they agree that their team is doing well. For 
the first two items – innovativeness and productiveness – the scale ranged from 
‘not at all innovative’ through ‘highly innovative’ and from ‘not at all productive’ 
through ‘highly productive’ respectively. Similarly the last two items – quality 
and newness/originality of solutions found – were measured with a scale from 
‘very low quality’ through ‘very high quality’ and from ‘not new/original at all’ 
through ‘very new/original’ respectively. 

Running a PCA only one component could be extracted, which reveals that all 
four variables belong to the same factor. Additionally, these items had a 
Cronbach’s alpha of .70, which indicates that the measurement scales are reliable. 
Thus, they were combined into one variable for measuring task disagreement in 
the intrateam problem-solving communication.  
 
A high task disagreement among the team members within teams is given when 
there is a high variance in their answers (Kratzer et al., 2006). This means the 
more they differ in their answers – deviate from the team mean – with respect to 
the different combined items on design problem solving of their team, the greater 
the variance and hence the degree of task disagreement. This correlation can also 
be seen in the equation of variance (4.7) that is equal to the sum of squared 
deviations from the mean divided by one less than the number of cases: 

 
The teams’ average dispersion around the mean – the degree of task 

disagreement in the intrateam problem-solving communication within teams – 
was .79 (ranging from .13 to 2.25).  
 

4.3.2.5 Degree of Task Interdependence 
The degree of task interdependence is defined by the interaction between the 
different tasks within and between teams of MOMT projects at the time of data 
gathering. The number of these interactions defines the extent to which the 
sub-problems can be solved concurrently (Oosterman, 2001) or in parallel, rather 
than in a series (Cooper, 2001). As Saavedra and colleagues (1993: 61) state: 
“The greater the requirements that group members depend on and directly 
support each other in task accomplishment, the more complex the nature of the 
task interdependence”. This definition also applies to the extrateam and interteam 
task interdependence in MOMT projects. There can be no, low or high 
interconnections among these different actors – referring to the distinction into 
no, asymmetric/sequential and reciprocal/mutual dependence (Thompson, 1967). 
 

n - 1 (4.7) 
 
Var =  

∑(xi - x)² 
i=1 

n 
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For the intrateam task interdependence, in a roster the respondents could report 
for each team member whether he/she is dependent on that person or whether 
they are mutually dependent. When no box was ticked for a team member there 
was no dependence on that person to complete his/her task. That person, in turn, 
can be dependent on the respondent’s work-output or is not dependent either. As 
with the definition of the degree of task interdependence – no interdependence or 
directed interdependence – the information of the other team members was also 
required, only relations with other respondents of the team were applied for 
further analysis. The relations with non-respondents were coded as missing 
values.  

Because mutual task interdependence requires a frequent exchange of work 
outputs throughout the course of work, it stands for a high interconnection among 
the team members – a high degree of task interdependence. A low degree of task 
interdependence is given when a team member is dependent on another person to 
complete his/her work to be able to finish their own task, but not vice versa. There 
is no interdependence when both respondents did not report an interdependent 
relationship. Similar to network studies that consider valued or strength of ties 
(e.g., Granovetter, 1973; Marsden, 1990), these different degrees of task 
interdependence were coded into a scale of 0 (no interdependence), 1 (low task 
interdependence – weak strength), and 2 (high task interdependence – strong 
strength). 

To test the reliability of team members’ reports, the reciprocity of mutual 
interdependence was measured in UCINET. Only this measure provided insight 
for reciprocity as it was possible to check whether two team members had 
indicated to be mutually interdependent on each other. Since the low task 
interdependence is only asked for the one direction of being interdependent, and 
that no answer for a team member can also imply being the input for the other 
person, these measures were not applicable to test the reliability of the answers. 

Is the report of respondent i on being mutually interdependent with respondent 
j also reported by that person – 0 (no) or 1 (yes)? This dyad reciprocity was tested 
among all respondents of each team (n = 38)25. The reciprocity value for the 
whole team was measured. It indicates the proportion of the mutuality dyads that 
are reciprocal: Num(Xij>0 and Xji>0)/Num(Xij>0 or Xji>0) (Borgatti et al., 2002). 
On average there was a dyad-based reciprocity of .56, ranging from 0 (no 
reciprocity at all) to 1 (full reciprocity). Full reciprocity is given in almost one 
third (n = 12) of the teams. When excluding the teams with zero reciprocity there 
is only a small increase of the median from .50 to .57 (mean .56 and .68 
respectively). Therefore, all 38 teams were included for further analysis. 

                                                      
25  Two teams were excluded because neither mutual nor directed task interdependence was  
    reported by the respondents. But by definition there is some degree of task interdependence  
    among the members in a team (see discussion on task decomposition in the third chapter (Section  
    3.2.1) and team definition of interdependently acting members in this chapter (Section 4.1)).  



        Quantitative Research Method: Measures – Degree of Task Interdependence 

 

 73 
 

The degree of extrateam task interdependence at the time of data gathering was 
measured by asking a representative of each project – who has enough knowledge 
about the whole project and team task interdependencies – to fill out a roster, 
using the scale applied for the degree of task interdependence within teams: none 
(1), low (2), and high (3). These data were cross-checked with the reports of the 
team leaders given in the interviews on directed and mutual extrateam task 
interdependence. This was done by comparing the densities of the two task 
interdependence networks for each MOMT project in UCINET. For both projects 
the difference in density on a possible scale from 0 (no difference at all: same 
degree of task interdependence indicated) to 2 (very big difference: no 
interdependence vs. high interdependence reported or vice versa) was quite low 
(Project A: .45, Project B: .59). There were slightly less dense task 
interdependence networks based on the team leaders’ reports. Hence, these data 
can be seen as being reliable for further analysis. 
 
Based on the discussion above, the team mean of the degree of task 
interdependence could be calculated for within teams (n = 38) and with other 
teams (n = 40) in the MOMT projects. The average degree of teams’ task 
interdependence among team members (intrateam) – including the reports of task 
interdependence with non-respondents when the task interdependence (directed 
or mutual) was clearly indicated as discussed above – was 1.41 (ranging from .97 
to 2), and with the other teams (extrateam) was .77 with a range from .04 to 1.32. 
The degree of interteam task interdependence – the extrateam measure among all 
teams of a MOMT project – was measured, similarly to the interteam 
problem-solving communication frequency, by the density. In Project A with .61 
there is a lower degree of interteam task interdependence than in Project B with 
1 on a possible range from 0 (no task interdependence at all) to 2 (all teams are 
mutually interdependent). 

The higher task interdependence within teams compared to among teams 
represents the major aim of task decomposition, as discussed in the third chapter. 
Comparing the reports on the degree of task interdependence – strength of ties – 
among team members with the ones for teams (no interdependence: 20.4% vs. 
41.2%, low interdependence: 37% vs. 34%, and mutual interdependence: 42.6% 
vs. 24.8%), shows that within teams more strong task interdependencies exist 
than among teams. Rather, there are more weak or no interfaces. This is 
consistent with other observations of the development of complex products (e.g., 
Smith and Eppinger, 1997; Sosa et al., 2004). 

Within teams the interdependent members need to jointly develop and select 
solutions for their team’s design tasks. As discussed in the third chapter, there are 
different ways – design principles – to proceed. The following sub-sections 
present how a systematic design approach in the solution-finding process and in 
the solution-selection process was measured. As not much research has been done 
on these aspects, reliance on previous measures was not possible. 
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4.3.2.6 Degree of Systematic Variation 
In the solution-finding process, methods with a discursive bias and methods with 
an intuitive bias can be applied to a different degree in order to solve the design 
problems (Pahl and Beitz, 1992). They can be placed on a continuum ranging 
from applying mainly existing solutions (discursiveness) to applying mainly 
creativity techniques to come up with new solutions (intuition). When both 
methods are combined systematic variation – creative re-combination of existing 
solutions – takes place (Leenders et al., 2007), which is located around the 
average (zero) of the continuum. 

The degree of the application of each method described above was assessed on 
a 7-point Likert scale. The team members could indicate their agreement from 1 
(does not fit at all) through 7 (totally fits). The higher their average degree of 
agreement the more the method is applied within their team. 

Prior to the calculation of the mean of the team members’ answers their 
reliability had to be tested. For both solution-finding methods the within-group, 
inter-rater reliability was high enough to rely on the respondents’ reports for 
further analysis. The average IRR for the application of creativity techniques was 
.72, and for the application of existing solutions .80, which allows applying the 
team mean for further calculation of the degree of systematic variation in the 
solution-finding process. 

At first the continuum was computed by the difference of the teams’ mean of 
the application of creativity techniques and of the application of existing 
solutions. It could range from -6 through 6. Because the value zero represents a 
very high degree of systematic variation – the same degree of application of both 
principles – the scale had to be re-calculated so that this design principle has the 
highest value while the discursive and intuitive design methods have the lowest 
(i.e., 7 minus the absolute value of the difference of intuitive and discursive 
design method). The resulting scale could range from 1 (one of the design 
methods is applied to a very high degree, while the other to a very low degree) 
through 7 (high degree of systematic variation). The data range was from 4 to 7 
with a mean of 5.72.  
 
Taking a closer look at the prior calculations, the team mean of the method of 
applied creativity techniques ranged from 3 to 6.5 (overall mean 5.25), while for 
the application of existing solutions the average teams’ mean (4.13) and 
minimum (2.67) and maximum (5.67) values were lower. Computing the 
continuum, the difference of these methods, gives values between -2 and 3 on the 
above-described possible range from -6 through 6. The teams’ mean 1.12 shows 
that there is a relatively high degree of systematic variation with a stronger 
application degree of creativity techniques. Out of the 39 teams only four applied 
existing solutions to a higher degree than creativity techniques, and one team 
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applied both methods to the same degree. This supports the discussion in Chapter 
3 to primary focus on creativity techniques opposed to systematic variation. 

It emphasizes the high degree of non-routineness of the design tasks for teams 
within the studied MOMT projects. This means existing solutions cannot be used 
often as complex and creative search processes are required. This 
non-routineness is also challenging for the solution-selection process within the 
teams, in which the satisficing design principle can be applied.  

4.3.2.7 Degree of Satisficing 
To select a solution from the many different solutions developed the teams can 
base their decisions on the product specifications and requirements and/or on 
organizational issues (time and budget). The parallel application of both decision 
bases in one solution-selection process represents a compromise between 
satisfying the product quality on the one hand, and meeting the planning of 
schedules and budget on the other hand – design principle satisficing (Simon, 
1996). Thus, similar to the discussion above, these methods can be placed on a 
continuum ranging from basing decisions mainly on organizational issues to 
mainly on product issues, with satisficing as the average. 

On a 7-point Likert scale from 1 (does not fit at all) through 7 (totally fits) the 
team members could rate how well the statements referring to the application of 
the two decision bases fit the decision-making process in their team. Before the 
team mean could be calculated the IRR for both measures was tested. For basing 
the decisions on product specifications the average IRR was .70 and for 
organizational issues .77, justifying to take the team mean for calculating the 
difference of both variables.  
 

The team mean for the first solution-selection method varied from 1.5 to 6.5 
(overall mean 4.32), and for the second one from 2 to 5.67 (overall mean 4.10), 
which shows no big difference in the application degree. This is also found in the 
calculated continuum where the mean of .22 represents the tendency of applying 
a satisficing approach. The observed range on the continuum from -6 through 6 
was from -1.66 to 3.  

Calculating the degree of satisficing (i.e., 7 minus the absolute value of the 
difference of basing decisions on product issues and basing decisions on 
organizational issues), on the resulting scale from 1 to 7 there was a high degree 
(mean 6.28, range from 4 through 7). 
 
 

In summary, this section defined and discussed whether all variables named in the 
refined conceptual model are reliable, and hence can be used for further analysis. 
Except for two teams in the discussion on the degree of intrateam task 
interdependence, there is no indication that a team had to be excluded from 
hypotheses testing because of low reliability. 
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Additionally, although not the focus of this study, it needs to be controlled for 
possible influence of team characteristics. Team size is selected as in NPD 
research it has been shown that it affects key variables studied in the refined 
conceptual model, as discussed in the following. Due to the small sample size 
only this control variable is applied (see Section 4.3.3 on analysis).  

4.3.2.8 Control Variable Team Size 
In NPD research team size is a very common control variable. Other team 
measures like heterogeneity in tenure and members’ background (e.g., function, 
education, organizational, and national affiliation) are also studied as control 
variables. As this heterogeneity is a typical characteristic of the teams in MOMT 
projects they were not applied. 

Team size has been found to have a direct influence on team performance and 
the team processes. The research results are consistent. A certain size of teams is 
required to be able to perform well; however, when teams are too big 
performance is likely to be inhibited. As Huberman and Loch (1996) state, there 
is a trade-off between the benefits of group size on collaborative problem solving 
and the negative impact of larger groups on work motivation. As Nicholas (1994) 
argues, a team of eight to twelve is large enough to represent all major functional 
areas, but still small enough to allow good communication and encourage team 
commitment. Similarly, Eppinger and colleagues (1994: 1) state: “Small teams 
can work closely together and the challenging technical issues are exposed and 
resolved by mutual understanding”. 

But when a team is too big it is difficult or even impossible to develop a shared 
sense of accountability that teams need to have for their common performance 
objectives (Katzenbach and Smith, 1993). “With increasing size, total 
participation in the problem-solving process by all members would eventually 
lead to an overload of information or alternative solutions” (Becker and Baloff, 
1969: 269). Size, thus, can impact the group interaction process as it can inhibit 
interaction, consensus building, and problem solving (Harvey and Koubek, 
2000). Van de Ven and colleagues (1976: 326), for instance, give an overview of 
different research findings on the negative influence as size increases: group 
cohesiveness decreases and sub-group formation increases, member participation 
decreases, more impersonal coordination, and more complex and numerous 
demands for the leaders.  
 
The size of teams in the MOMT projects was measured by the number of 
members within the team, comprising at least three persons (including the team 
leader) who work on a common goal. The number of team members on the team 
list at the time of data gathering was used, regardless of their working time on the 
project. The size of the studied teams (n = 40) ranged from 3 through 18, with a 
mean of 8 (median 6.5, standard deviation 4.2).  
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After the discussion of the measurements of the variables studied, there is a 
description of how the hypothesized relations were tested and analyzed. 

4.3.3 Analysis of Questionnaire Data 
In this research multiple regressions were run to test the hypotheses stated in the 
second and third chapter. Because the already small sample size can differ 
dependent on the variables studied, every hypothesis was tested separately, 
including the control variable team size. To control whether Project A and Project 
B can be analyzed together in one sample a closer look was taken at whether there 
are different effects – opposite directions of the studied relations (i.e., positive 
versus negative and vice versa) – in the regression models.  

Different relations were found for a few of the variables studies which, 
however, were not statistically significant. There were also a few variables which 
showed a statistically significant relation in Project A while not in Project B. This 
difference can be caused by the smaller number of cases (n = 16 teams) in  
Project B compared to 24 teams in Project A. Hence, based on this discussion and 
the one on the similarity of the projects in the beginning of this chapter, both 
projects can be studied together in the regression models to test the hypotheses.  
 
Before and after running multiple regressions it was tested whether the 
assumptions are met. For instance, there can be a problem with the required 
independence of observations when studying the frequency of extrateam 
problem-solving communication in the MOMT projects. It is possible that when 
teams communicate very frequently with the other teams that also those teams 
have a high communication frequency and vice versa. This risk was minimized 
by measuring the teams’ communication frequency as the mean of their team 
members’ relatively independent reports, instead of taking the degree centrality 
which is based on the interrelation of all teams of the project (i.e., network 
activity: Freeman, 1979)26.  

Additionally, comparing both MOMT projects there was no statistically 
significant difference in the average teams’ problem-solving communication 
frequency on the on dichotomization based scale from 0 (maximum monthly) to 
1 (at least weekly). An independent-samples t-test revealed that Project A  
(mean .14) and Project B (mean .23) do not differ in their means on a statistically 
significant level (t = -1.61, p = .117). 

Moreover, the range and standard deviation of that communication frequency 
in each project (Project A: .44 and .14, Project B: .71 and .18) showed that these 
reports were quite distributed on the above-described scale, though mainly on the 
left side. Hence, there was no indicator of problematic interdependence in the 
problem-solving communication frequency among the teams within the projects. 

                                                      
26 The latter refers to the interteam problem-solving communication, addressed in Chapter 6. 
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                                   Table 4.2   Descriptive statistics 
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                                   Table 4.2   (continued) 
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As multiple regressions were run, another important assumption had to be met, 
namely that there is no multicollinearity among the independent variables. 
“Multicollinearity results in larger portions of shared variance and lower level of 
unique variance from which the effects of the individual independent variables 
can be determined” (Hair et al., 1998: 189).  

This risk was especially given when testing the hypotheses that state a 
curvilinear relationship as both the predicting variable and its square needed to be 
included in the regression analysis. All linear and respective quadratic terms had 
a very high correlation above .90. This problem was solved by mean-centering 
the variable – that is, subtracting the overall mean from each datum (Garson, 
2007) – before it was squared. Therefore the linear term of variables that are 
tested for curvilinear relationships has the overall mean 0. In the regression model 
the sign of the quadratic term indicates the shape of the curvilinear relationship. 
If it is positive there is a u-shaped curve, and if it is negative there is an inversely 
u-shaped curve. Due to the small sample size the expected negative or positive 
trends of the hypothesized relationship in Hypothesis 4a and 6 respectively 
cannot be tested. 

The overall correlations, presented in Table 4.2, suggested that the different 
variables, including team size as control variable, could be incorporated in the 
regression models. Because only one correlation among the predicting variables 
tested together for a hypothesis (i.e., the linear and quadratic term of team leader 
role) was higher than .70 there should not be a problem with multicollinearity 
(Garson, 2007). Additional analysis of the variance inflation factors (VIF) and the 
condition index in every multiple regression has shown that they were lower than 
10 and 30 respectively (Garson, 2007). 
 
For each analysis the critical p-value was set at .10 because of the relatively small 
sample size in the different regression models (ranging from 30 to 40 teams), 
which has a low statistical power (see discussion on the .05 p-value by Sauley and 
Bedeian, 1989: 340). This extension of the significance level has also been 
employed in several NPD studies that have been studying a similar small number 
of teams like in this research (e.g., Hoegl et al., 2004: 39 teams; Kratzer, 2001: 32 
and 19 teams; Leenders et al., 2007: 44 teams). Hence, in addition to the 5 percent 
significance level, the 10 percent one was also applied. 
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4.4 Qualitative Research Method 
This method is of an exploratory as well as an explanatory nature. It aims to 
acquire a more fundamental understanding of the role and effects of 
problem-solving communication – which, in turn, is dependent on systematic 
design principles – on performance in MOMT projects. While for team 
performance the qualitative study with interviews is complementary to the 
quantitative research, for project performance it is the main research method 
since only two projects are studied. 

At first the conduction of interviews in the data-collection process is addressed. 
Then the analysis of these interviews for the direct and indirect influences on 
team performance and on project performance is discussed separately. 

4.4.1 Interviews 
For both team performance as well as project performance in-depth interviews 
with key informants of each MOMT project were conducted. In total, 42 
semi-structured and open-ended interviews were conducted by the author and 
another researcher, using a tape recorder27. For studying the influence of team 
processes on team performance 38 team leaders (Project A: 17, Project B: 21) 
were interviewed additionally to the questionnaires sent. Four interviews with 
managers (2 from each project) were conducted to qualitatively analyze the 
influences on project performance.  

As Premkumar and colleagues (2005) argue, the interview process provides 
information on the organizational context, which sometimes may not be 
adequately reflected in a survey instrument. The strength of these data lies in their 
opportunity to provide qualitative insight (Edmondson, 2003), which is important 
to understand sensitive and less transparent28 processes phenomenologically and 
from the respondents’ perspective (Kazanjian et al., 2000). Using semi-structured 
interviews has the advantage of covering all the questions that need to be 
answered according to the interview guide, but also provides the freedom for 
interviewees to report their own view on things. Because these interviews were 
open-ended the interviewer was able to explore areas that came to light during the 
course of discussion (McCutcheon and Meredith, 1993). 
 

                                                      
27 By doing so the information’s reliability – the extent to which data would be duplicated if  
    collected at another time or through another means – can be increased (McCutcheon and  
    Meredith, 1993). Another approach is to use multiple sources of information and methods –  
    triangulation (Yin, 1989) –, as discussed in more detail in the sub-section on analysis (4.4.2.2). 
28 Kazanjian and colleagues (2000), for instance, refer in their research to creativity in large-scale  
    NPD projects. Here it refers to the processes in MOMT projects that have an influence on the 
    performance of the teams and the project itself. 
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The guides for both the team leader and project manager interviews were 
developed on the basis of the research sub-questions, including questions 
referring to the variables studied in the refined conceptual model. All interviews 
started with general questions about the interviewee 29(educational background 
and working experience) to stimulate the conversation. The questions to follow 
addressed more specific issues concerning the research interest specific for the 
interview conducted. 

Team leader interviews were conducted to get more detailed information about 
the team members, the communication, problem solving and performance on the 
intrateam and extrateam level. These data were used in addition to the 
quantitative data from questionnaires for illustration of the different team 
processes, and also for examining whether support can be found for hypotheses. 
For the team leader interviews conducted in Dutch (n = 12) the quotations in the 
text are provided in English while the original is provided in the footnote. The 
average duration of the interviews was 30 minutes.  

One person from the higher and one from the middle management level (i.e., 
project level and sub-system level) from each MOMT project was interviewed to 
have different perspectives on their project as a whole – mainly on the interteam 
problem-solving communication and project performance. The manager 
interviews had an average duration of 60 minutes. 

4.4.2 Analysis of Interview Data 
The tape-recorded team leader and project manager interviews were fully 
transcribed. In a data reduction approach relevant answers were classified into 
different categories corresponding to the first two main research questions. 
Subsequently sub-categories were created for information emerging from data. 
This helps to identify patterned regularities in data (McCutcheon and Meredith, 
1993). Based on these categories a detailed analysis on the indirect and influences 
on team performance as well as project performance took place. 

4.4.2.1 Influences on Team Performance 
The direct and indirect influences on team performance are studied mainly 
quantitatively using questionnaire data for hypotheses testing. The predicting and 
dependent variables are operationalized in the section on the quantitative research 
method. As team leader interviews were supplementary, applied to illustrate the 
processes studied, only a brief description of the analysis is given here.  

Analyzing the results of testing hypotheses in Chapter 5, the interviews were 
screened for supporting and contradictory citations. Exemplary statements of 
team leaders were cited and discussed. For contradictory results, the teams were 
controlled for certain characteristics that can cause these findings.  

                                                      
29 All interviewed team leaders and managers are male. 
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4.4.2.2 Case Study Research on Project Performance 
Case study research is a powerful tool for gathering information and 
understanding the real conditions that occur in organizations (McCutcheon and 
Meredith, 1993), thereby providing in-depth insight. The research problem – i.e., 
the performance of MOMT projects in which complex new products are 
developed – can be studied in a natural setting in order to understand the nature 
and complexity of the processes taking place (Yin, 1989) – i.e., the influences of 
interteam problem-solving communication and the use of a systematic design 
approach. 

Two suitable cases were selected (see Section 4.1) to explore and explain these 
still under-researched processes in MOMT projects. Based on the categories 
created – referring to the relations studied – in the data reduction a thematic 
within-case and cross-case analysis was performed. Project management 
interviews were the main source of information for analyzing the direct and 
indirect influences on project performance.   

The within-case analysis was the starting point of analysis before performing a 
cross-case analysis. The answers of the interviewee from the higher management 
level were compared with the ones of the interviewee from the middle 
management level. Since most questions could be answered subjectively, and the 
interviewees were also from different management levels, different opinions 
were likely.  

In a next step, the MOMT projects’ performance was analyzed: What influence 
does the interteam problem-solving communication have, which – in turn – is 
dependent on a systematic design approach? This cross-case analysis approach 
allows understanding the phenomenon beyond each individual project’s context 
and increases the generalizability of the observations (Eisenhardt, 1989). 
However, since only two projects were studied the generalization might be more 
difficult in this research; this is further discussed in the research implications in 
the concluding chapter (Chapter 7). 
 
For both the within-case and cross-case analysis the project management 
interviews were analyzed regarding the two research questions for the project 
level. The results on the direct and indirect influence on project performance are 
presented and discussed in Chapter 6. 

Consistent with the project management literature, performance of NPD 
projects is measured by the three different dimensions of ‘time’, ‘budget’ and 
‘product quality’ (c.f., Emmanuelides, 1993). Project managers were asked to 
evaluate the performance of their MOMT project with respect to these aspects for 
two points of measurement, which refer to the main data-collection process 
presented in Table 4.1.  
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The first point was dated two years back (summer 2005) to the time when the 
questionnaires were filled out by the team members and leaders, and the team 
leaders additionally were interviewed. Looking back two years can be 
problematic; however, as additional qualitative data was available the reliability 
of data could be tested. A direct link between the different data available – 
qualitative as well as quantitative – could be drawn to study the influences on 
project performance. This triangulation (i.e., usage of multiple sources of 
information and methods) helps to support the research findings, improving the 
validity and reliability of the research (Yin, 1989), and to have an as complete 
picture as possible – capturing the contextual complexity (Benbasat et al., 1987). 

The second measurement point referred to project performance at the time of 
having the management interviews (summer 2007) and how the project is 
currently doing. These interviews were studied to analyze the present influences 
on that project performance. 

 

4.5 Summary 
In summary, the sample of and the data-collection process in the two MOMT 
projects studied were described in this chapter. Both, a quantitative and 
qualitative research method are adopted. In the quantitative part different 
measures and analysis applied for hypotheses testing were discussed, the results 
of which are presented in the next chapter. The qualitative analysis introduced is 
mainly performed in Chapter 6 on project performance.  




