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ABSTRACT
Prior studies already examined the relationships between cognitive styles on the
individual level. This study adds to the team-level innovation literature, by examining
the effect of team-level cognitive style on internal and external collaboration in the
context of new product development projects. The goal of this research is to closely
examine the relationship between team-level cognitive style and internal and external
relationship by using the cognitive style index developed by Allinson and Hayes.
Based on the survey data of 63 NPD teams, gathered in one Turkish and four Dutch
organizations in high technology driven industries, hypotheses on the relationship
between internal and external collaboration and team-level cognitive style are tested.
Results of hierarchical linear regression analysis and independent samples t-tests
suggest that team’s level of analytical thinking styles might negatively influence
external collaboration. The contribution of this research to existing scientific literature
lies in the fact that next to the variables cross-functionality, team size and company
experience, team-level cognitive style significantly influences external collaboration.
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INTRODUCTION

therefore rich in diverse information which will contribute to
the success of NPD projects13.

The importance of innovation has been long since established,
the continuous output of new products binds consumers to the
organization and determines innovation to be fundamental for
long term survival of organizations1. As product life cycle time
shortens and competition increases through globalization,
innovation has become the cornerstone of organizational
success. The importance of innovation to organizations spurred
scholars and social scientists to conduct research on this
subject. Especially the last two decades the number of studies
surged 2 . The research on innovation performance predictors
distinguishes between organizational, individual and team-level
predictors3. Research on organizational and individual level is
well documented. Research on team-level respectively, is only
just gaining momentum4.

As internal and external collaboration is such an importance to
NPD project performance, these variables will form the subject
of this research. The goal of this study is to examine how the
cognitive styles of NPD teams influence internal and external
collaboration. Several scholars have identified the influence of
cognitive styles on thinking styles of individuals. The
distinctive preference of a person’s thinking style influence the
way information is gathered and processed14. This indicates that
cognitive styles could influence collaboration efforts of
individuals.

Within the team-level studies the vast majority focuses on team
members’ demographic characteristics and functional
backgrounds 5 . Team longevity and tenure have proven to
impact NPD performance, primarily through the increased or
decreased intensity of communication of the NPD team6. The
research on cognitive styles in the context of NPD teams
however is largely lacking. Interestingly, evidence provided by
several scholars indicates that deep psychological variables are
essential for determining the performance of teams over longer
periods of time 7 . The importance of cognitive styles in
organizations was established by Hayes and Allinson. In their
research several dimensions of cognitive styles were analyzed
and managerial implications are discussed8. Cognitive style is
defined as ‘the way a person acquires, stores, and uses
knowledge’ 9 . Additionally the study of Keller and Holland
showed that internal communication is primarily predicted by
personality variables10. This study will combine the insights of
NPD research, cognitive styles and collaboration and focuses on
the impact of cognitive styles of teams on internal and external
collaboration.
Collaboration is said to enable the sharing of ideas and vision
which are vital for successful NPD projects. Especially in high
uncertainty projects, typically radical NPD projects, the
interchange of experience is valuable to generate new ideas11.
Through the meta-analysis of Hulzinger et al it was shown that
internal and external collaboration is generalizable and
significantly related with innovation performance. This means
these variables have a proven effect on NPD performance.
The contribution of internal and external collaboration to NPD
project performance lies in the fact that team members are
exposed to more and diverse knowledge and views 12 . These
broaden the options of the NPD team to come up with a more
creative and suitable solution to their innovation endeavors.
Following the theory of Perry-smith and Shally, weak ties
(communication channels from outside the project group)
generate the most fruitful ideas. External collaboration is
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In order to test the hypotheses data was collected from team
members who contributed to NPD projects. The final data set
contained 63 NPD projects from one Turkish and four Dutch
manufacturing companies. The results of this research shows
that teams with an analytical preference might score less on the
external collaboration scale.
These findings contribute to existing literature as research on
team-level cognitive styles within the context of NPD is
limited. The relationship between collaboration and team-level
cognitive style has in fact, never been examined. The results
suggest that cognitive styles influence communication and
collaboration and thus NPD performance. The findings also
have a managerial implication. By paying close attention to
cognitive styles the external collaboration intensity can be
predicted. The project context and its collaboration needs can
therefore be used to determine optimum NPD team composition
to increase project performance.

1. THEORETICAL FRAMEWORK
1.1 Cognitive Style
Although many scholars have defined different concepts of
cognitive styles 15 , some consensus has been reached that
cognitive styles can be divided in two distinct ways of
processing information 16 . This study follows the distinction
made by Allinson and Hayes, of intuitive thinking style and
analytical thinking style17. It is said that the functioning of these
styles are important to understand the reciprocity of information
processing of individuals. Furthermore intuitive style thinkers
are said to benefit from appeals to emotion, personal experience
and concrete examples. Individuals who are prone to primarily
use the analytical style thinking respond better to facts and
logical arguments18.
As people have a tendency to use one or the other thinking style
predominantly, they do however influence behavior19. Building
further on these results, consecutive research showed that
intuitive thinking is characterized by being, fast, automatic,
unconscious and associative 20 . Analytical thinking is
characterized by being, slow, conscious, rules based and
controlled 21 . The description of Allison and Hayes suggests
that intuitive thinking occurs immediately and is based on
feelings 22 . Analytical thinking is based on logical reasoning
and focus on detail. Furthermore they describe intuitivists as
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people desiring open ended questions and rely on random
methods of exploring problems and desire ideas requiring a
more general assessment. Analysists are more compliant, prefer
structured approaches and are most in their element when
presented with ideas that require a step by step analysis23. These
preferences influence the way individual’s process information
and which information sources they prefer. An individual’s
innovation performance is determined by the fit between task
environment and the intuitive or analytic thinking style24.
As said relatively new is analysis of cognitive styles on teamlevel. The limited studies that are present show that the
dominant intuitive or analytical thinking style of a new member
of a team either strengthens or weakens the pooled intuitive or
analytical thinking style preference of the whole team25.

1.2 Communication and Collaboration
The importance of communication and collaboration in the
NPD teams is commonly known 26. Several studies have proven
the collaboration needs of teams in different types of NPD
projects27. Furthermore, studies have proven the positive effect
of psychological safety and demographic diversity on
communication and innovation performance28, 29. The impacts
of cognitive styles on communication and collaboration is
however relatively unknown. In fact, the relationship between
team-level cognitive style and collaboration has not been the
subject of any research conducted. This is surprising, as many
studies have proven the importance of cognitive style in the
context of innovation30.
What is known in the context of cognitive styles and
communication and collaboration, when we take the analogy of
T-shaped skills is that, intuitive thinkers are more likely to have
a broad set of interests, large contact base and a diverse set of
personal and professional experiences31.
When we examine the adaptors as established by Kirton et al,
we find that adaptors prefer solutions that fit their current
framework. Their focus on the current framework however
inhibits the creation of innovative ideas32. The way they solve
problems is by taking existing sources and methodologies. By
taking consistently the common route the solutions generated
are often far from novel33.
Innovators take on a vastly different approach to solve
problems. By trying to reframe the problem instead of finding a
fitting solution, they generally come up with novel solutions34.
By consistently trying to reframe problems, innovators tend to
divert from the common chosen route of solving problems 35.
Interestingly research has shown that the innovative
performance of innovators peaks in closed networked
conditions, as their strengths offset the weakness of the
conditions. For adaptors this relationship is mirrored. The
individual innovation performance of adaptors is boosted in
open networks. This relationship can be explained by the fact
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that intuitive thinkers can mobilize closed networks more
efficiently to see their ideas make it to implementation.
Adaptors can structure open networks and the various
information streams to align them with current organizational
needs36.

2. HYPOTHESES
Individuals in teams have a hard time to pay attention to new
ideas. This is a psychological limitation of human beings37. In
fact, the more a person is constraint by routine, isolated and
specialized tasks, the harder it is for this person to recognize the
value of new ideas or identify the need to change38. In light of
cognitive styles, team members prone to have a preference for
analytical thinking fit this description nicely. As NPD projects
are tackled the same way by teams with an analytical
preference, team members know the information needs from
each other. Collaboration is streamlined and highly efficient.
High intensity collaboration is thus not needed. As these teams
follow common structures, high intensity external collaboration
is not likely. Therefore it is hypothesized that teams with a
preference for analytical thinking will collaborate less internally
and externally as the barrier for recognizing, the need for and
value of, new information is high. Furthermore it is
hypothesized the reliance on existing methods of analytical
teams lessens the need collaboration and communication.
For intuitive thinkers the communication and collaboration
strategy is somewhat different. They lack attention to existing
rules and boundaries. By processing multiple domains of
thoughts simultaneously, intuitive thinkers come up with more
novel ideas and information39. NPD teams with a preference for
intuitive thinking style like to reframe each project. In order to
do so they collect different views from a wide variety of
sources. This means collaborating internally and externally with
a high intensity. The fact that these intuitive preferenced NPD
teams like to bend existing rules and cross boundaries forms the
basis of the hypothesis that NPD teams who are more prone to
intuitive thinking, collaborate more internally as well as
externally. As information is gathered from alternative sources,
it is hypothesized that some internal collaboration is needed to
funnel the new solutions through the organizational context in
order to successfully implement the new solutions. Based on
these insights, this study hypothesizes;
Hypothesis 1a: The preference of analytical information
processing of NPD teams negatively influences the intensity of
internal collaboration.
Hypothesis 1b: The preference of analytical information
processing of NPD teams negatively influences the intensity of
external collaboration.
As this article follows the principle of cognitive style as a scale
on one continuum, the evidence of these hypotheses will also
prove the hypotheses of the intuitive information processing
teams.
Hypothesis 2a: The preference of intuitive processing of NPD
teams positively influences the intensity of internal
collaboration.
Hypothesis 2b: The preference of intuitive processing of NPD
teams positively influences the intensity of external
collaboration.
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3. METHODOLOGY
3.1 Sample
In order to test these hypotheses, data on cognitive style and
communication and collaboration intensity is needed. The data
used in this study was collected for an earlier study40 and was
made available by the authors. The dataset contained
organizations which met the following criteria; a) they had a
broad portfolio of NPD projects in their R&D department, b)
they were willing and able to provide access to their project
documentation and c), the companies were in a technology
intensive manufacturing sector. Five companies decided to
participate in the study from several industries, rubber ties,
sensors and controls, membrane technologies, plastic pipes and
textile41. From these five companies, 135 NPD projects were
identified that were initiated in the past five years.
These 135 NPD projects were further examined to identify the
teams working on these projects and individuals were identified
who had contributed at least 100 working hours to the NPD
projects42. Further verification was needed to make sure these
individuals were part of the team and who had made a
significant contribution to the project. The NPD team was
defined as ‘group of organizational members that was
responsible for developing the product or product component in
a particular project’43.
After the identification of individuals and teams, surveys were
distributed to measure cognitive styles and project
characteristics.
261 questionnaires of the 352 were returned44. The procedure of
Post (2012) was used to add teams of which at least two thirds
of the members returned the questionnaire45. This led to a final
sample of 63 project teams. The average team size was
determined to be 3.19 individuals. The average individual
contributed to 3.095 NPD projects.
The number of individuals in a team differed between eight and
two. The teams of two individuals accounted for 39,68% of the
sample, the remaining 60,32% of the teams had more than two
individuals contributing to the NPD project. In the sample the
average age was 41 years and 97% of the individuals were
male. The R&D department was with 79% the main department
where individuals of the team resided. The other departments as
manufacturing and marketing accounted for the remaining 21%.

3.2 Dependent Variable; Internal and
External Collaboration
The dependent variable is the intensity of collaboration
internally and externally. For internal collaboration,
respondents were asked if internal collaboration had taken place
within the company. If so, they were asked to rate the intensity
of the collaboration on a five point scale where, a (1) indicated
a very intensive collaboration and a (5) indicated the
collaboration to be not intensive. External collaboration was
indicated through the question if such collaboration had taken
place with other organizations in the project framework. If so,
the respondents were asked to rate the external collaboration on
a five point scale, (1) indicating an intensive collaboration and
(5) the collaboration was determined not to be intensive.

To cope with the differences within the teams ratings of internal
collaboration, internal collaboration was then further defined as
the mean of the ratings individuals gave the collaboration in
their team. This smoothens out extreme values and increases
reliability. This variable was called average internal
collaboration.
The dependent variable of external collaboration on team-level
was determined as the maximum value which individuals rated
their external collaboration intensity. This follows the theory of
gatekeepers where certain individuals relay information
acquired from external contacts within their own social circle,
to the team 46 . This means not all individuals of a team will
collaborate as intensive with external partners as other
individuals in the team. Individuals who do collaborate with
external partners will make sure information will flow from and
to the team. These individuals provide thus a key role and can
more accurately determine the level of collaboration with
external partners47. This variable was called gatekeeper external
collaboration.
In order to examine the effects of average external collaboration
the variable average external collaboration was created. This
variable does not follow the gatekeeper theory and is created by
taking the mean of the external collaboration scores of the
individuals that comprised a team. This variable serves as a
check to see if the same conclusions can be drawn if individuals
do not follow the gatekeeper theory or when gatekeepers are
solely intuitive individuals.

3.3 Independent Variable; Team-level
Cognitive Style
To determine intuitive and analytical information processing in
teams, the Cognitive Style Index (CSI), as constructed by
Allinson and Hayes 48 , was used. This questionnaire is
composed of 38 items which can be scored from zero to two
and contains a unitary scale where intuitive thinking and
analytical thinking are on opposing ends of the continuum 49 .
The higher the score, the more analytical a person is. To
aggregate this measure to team-level the mean was taken of the
individual scores within a team. This variable was called teamlevel cognitive style. The Cronbach’s alpha of this measure for
cognitive style was determined at 0.828. This is well above the
threshold of 0.7.

3.4 Control Variables
The control variables in this research are primarily used to
accurately determine the individual effects of the predictor
variables. If these control variables were left out, a significant
result could be found caused by a third spurious variable. This
variable influences the dependent and independent variable.
Furthermore the control variables serve as a check to determine
if relationship between the independent variables and dependent
variable is linear. Meaning that in hierarchical linear regression
analysis, these independent control variables in a model should
significantly predict the dependent variable and provide a
significant contribution to the model. Furthermore adding
control variables limits the omitted variables bias, where
important predictor variables are absent from the model.
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3.4.1 Team Size
Team size has shown to be a significant predictor of NPD
performance50, quite possibly through increased communication
and coordination. Therefore the variable team size should
significantly contribute to the linear regression model. Team
size was measured by counting the number of individuals
within a team that contributed at least 100 hours to the NPD
project.

3.4.2 Cross-Functionality
Cross-functionality has shown to foster the exchange of
knowledge and views which positively influences the creation
of innovative ideas 51. The variable of cross-functionality was
measured by asking respondents if collaboration with other
departments within the organization had taken place.

3.4.3 Average Company Experience
Katz showed that long tenured teams communicate less with
inter and intra organizational sources52. This is not desired as
this inhibits the influence of new insights and increases group
think. Innovation however desires creative problem solving
which requires various viewpoints. To measure company
experience the variable average company experience was
created. This is the mean of the number of years of company
tenure of each individual in NPD teams.

3.5 Statistical Tests

they do, the explained variance might be falsely inflated as
shared effects are individually added.

4. RESULTS
4.1 Relation Team-level Cognitive Style and
Average Internal Collaboration
4.1.1 Independent Samples t-test
First of all the independent samples t-test was performed to
examine if the average internal collaboration score is
significantly higher with intuitive preferenced NPD teams. As
seen in Error! Reference source not found., intuitive
information processing preference teams score lower on
average internal collaboration than teams with a preference for
analytical information preference. These findings are surprising
and in conflict with our hypothesis H1a.
However as depicted in Table 2Table 1 Table 2: Hierarchical
Linear Regression Analysisthis relation is far from significant.
The one tailed significance is determined at 0.3105. This is far
above the 5% cutoff point. Based on these conditions we can
say there is no significant relationship between mean team score
on CSI and average internal collaboration.
Table 1: Independent Samples t-test
One tailed t-test

3.5.1 Independent Samples t-test
In order to test the hypotheses stated some statistical testing
needs to be done. First of all independent t-tests can measure if
the mean collaboration internally and externally of a NPD team
differs between teams which score under or above 38 on the
team-level cognitive style index score. As the maximum score
of cognitive style index is 76 and is labeled analytical. The
centre is our zero point. So below a score of 38 teams can be
labeled as teams that have a preference for intuitive information
processing, above a score of 38 teams can be labeled as NPD
teams that have a thinking style which is analytically
preferenced. An independent samples t-test is used as the two
groups are independent. Additionally we are not dealing with a
retest situation which calls for a paired samples t-test. We
should expect that the intuitive labeled teams should score
significantly higher on the variables average internal
collaboration, gatekeeper external collaboration and average
external collaboration.

3.5.2 Hierarchical Linear Regression Analysis
To further analyze the direction and impact of the team-level
cognitive style variable on the dependent variable, hierarchical
linear regression analysis was executed. The hierarchical linear
regression analysis allows for more easy comparison between
the two models and examine if the test variable team-level
cognitive style contributes to the model while controlling for
the other variables. The first model comprises the independent
control variables, the second model consists of the control
variables and the test variable team-level cognitive style.
There are some assumptions with linear regression that need to
be fulfilled. First of all is linearity, the relation between
dependent and independent variables should be linear. Second
normality, the dependent variable should be normally
distributed. The last assumption is multicollinearity. The
independent variables should not significantly correlate. When
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Descriptive
Statistics:
Mean

t-test
one
tailed
pvalue

Dependent
variable:
Average
internal
collaboration

Analytical:
2.4868

0.3105

Dependent
variable:
Gatekeeper
external
collaboration

Analytical:
2.1143

Dependent
variable:
Average
external
collaboration

Analytical:
2.3674

Intuitive:
2.6274
0.1785

Intuitive:
1.8333
0.0755

Intuitive:
1.9962

4.1.2 Hierarchical Linear Regression Analysis
Linear regression can give a more comprehensive view of the
model and provide a deeper understanding. Assumptions are
tested and can be found in appendix 1. Some influential cases
were found which surpassed the Cooks distance. After deleting
those outliers a hierarchical linear regression analysis was
preformed. When in the model summary the adjusted R square
is examined in Table 2, as there are multiple independent
variables. It can be seen that both models have a negative
adjusted R square. This means the adjusted R square is
effectively zero. Indicating that relationship between these
variables is not linear.
In line with the previous table we find that both models do not
significantly show a linear relationship between the variables.
This can be concluded as the ANOVA test is not significant, as
depicted in Error! Reference source not found..

When we look at the coefficients table in Table 2 we can also
see that the predictor variable team-level cognitive style does
not significantly contributes to the model. When we look at the
unstanderdized coefficients we can see that the variable teamlevel cognitive style only accounts for 0.001 of the dependent
variable. Indicating its influence is very limited. Also when the
standardized coefficients are examined we see that the variable
team-level cognitive style is the least important independent
variable.

4.2 Relationship Team-level Cognitive Style
and External Collaboration
4.2.1 Independent Samples t-test
In order to examine if intuitive teams collaborate externally
significantly higher than analytical teams, an independent
samples t-test is needed. As it can be seen in Table 1, analytical
information processing preferenced teams score lower on the
external collaboration measure. However the independent
samples t-test shows that analytical preferenced teams do not
score significantly lower on the collaboration measure as the p
value in Table 1 is 0.1785. Well above the threshold of 0.05.

4.2.2 Hierarchical Linear Regression Analysis
In order to fully understand the effect of team-level cognitive
style on the dependent value external collaboration, hierarchical
multiple regression is needed. Assumptions are tested in
appendix 2. Some outliers were removed that surpassed the
Cooks distance. When the adjusted R square is examined in
Table 2 we can see that the explained variance decreases when
the team-level cognitive style variable is added. Based on this
result we would prefer model 1 as parsimony dictates that the
most explained variance with the least amount of independent
variables is better. Furthermore it can be seen in Table 2 that
both models are not significant. Although model one comes
close with a p-value of 0.053.
When the individual variables are examined in Table 2, we can
see that the individual contribution of the variable team-level
cognitive style is not of a significant influence. The p-value is
0.444 well above the 0.05 threshold. This means there is no
presumption against the null hypothesis. Interestingly we can
see, through the use of standardized coefficients, that the
variable average company experience is more important than
the other independent variables in predicting external
collaboration in NPD teams.

Table 2: Hierarchical Linear Regression Analysis
Hierarchical Linear Regression
Dependent
Adjusted ANOVA TeamR2
Variable
model level
R2
significa Cognitiv
nce
e Style
Variable
Model 1: Average 0.055
-0.017
0.522
internal
collaboration

Model 2: Average 0.055
internal
collaboration
Model 1:
0.177
Gatekeeper
external
collaboration

-0.044

0.695

0.113

0.053

Model 2:
Gatekeeper
external
collaboration

0.190

0.104

0.085

Model 1:
0.175
Gatekeeper
external
collaboration Crossfunctionality

0.134

0.021

Model 2: external 0.187
collaboration
following
gatekeeper
theory – Crossfunctionality

0.124

0.043

Model 1: Average 0.054
external
collaboration

-0.017

0.520

Model 2: Average 0.147
external
collaboration

0.059

0.176

Model 1: Average 0.051
external
collaboration –
Crossfunctionality

0.004

0.346

Model 2: Average 0.147
external
collaboration
–Crossfunctionality

0.083

0.093

0.967

0.444

0.465

0.047

0.040

Unstande
rdized
coefficie
nts

0.001

-0.013

Standerd
ized
coefficie
nts

0.007

-0.116

-0.012

0.035

0.035

Crossfunctiona
lity
Variable

Unstande
rdized
coefficie
nts

Standerd
ized
coefficie
nts

Unstande
rdized
coefficie
nts

Standerd Team
ized
Size
coefficie Variable
nts

Unstande
rdized
coefficie
nts

Standerd
ized
coefficie
nts

-0.078

Average
company
experien
ce
Variable
0.214

0.626

-0.353

-0.018

-0.201

0.771

-0.022

-0.046

0.63

-0.354

-0.045

0.254

-0.018

0.007

0.776

-0.022

-0.045

0.797

-0.146

-0.040

0.014

-0.036

-0.392

0.456

-0.061

-0.110

0.716

-0.209

-0.057

0.023

-0.034

-0.369

0.446

-0.063

-0.113

0.008

-0.037

-0.403

0.429

-0.064

-0.155

0.011

-0.036

-0.387

0.413

-0.066

-387

-193 0.402

-0.070

-0.130

-108

0.316

0.315

0.689

0.221

0.062

0.218

-0.017

0.976

-0.17

-0.005

0.115

-0.022

-0.243

0.408

-0.066

-0.124

0.223

-0.017

-0.188

0.404

-0.069

-0.128

0.110

-0.022

-0.243

0.401

-0.066

-0.124

5. ROBUSTNESS CHECKS
5.1 Removing Cross-Functionality

cognitive style explain more variance than when the variable
cross-functionality was included respectively 0.083 and 0.059.

As the variable cross-functionality did not contribute
significantly to the model, cross-functionality was removed to
improve the model. As expected the explained variance drops
when comparing this model with the previous one as one
variable is removed. The adjusted R square explains 0.124 of
the variance compared with 0.104 explained variance in the
previous model. Also it can be observed in Table 2 that
including the variable team-level cognitive style in the model
still does not increase the explained variance.

When we examine Table 2 we see that the second model is just
not significant in predicting the dependent variable. A p-value
of 0.093 indicates a low presumption against the null
hypotheses.
When the coefficient table is examined (Table 2), we see that
the only variable significant in predicting the dependent
variable is team-level cognitive style. Moreover it is the most
important independent variable when looking at the
standardized coefficients.

The ANOVA table shows that the two models significantly
predict the dependent variable gatekeeper external
collaboration. This can be concluded by examining the
significance in Table 2.

5.4 Control Variables

Table 2 indicates Table 2: Hierarchical Linear Regression
Analysisthat the team-level cognitive style measure is still not
significant with a p-value of 0.2325. This means that there no
presumption against the null hypothesis.

5.2 Average External Collaboration
In order to examine the relation external collaboration and
team-level cognitive style even more, the variable average
external collaboration is used. This variable is the mean
collaboration of the individuals in a team and disregards the
gatekeeper theory stated earlier.

5.2.1 Independent Samples t-test
Again it can be seen in Table 1 that analytical teams collaborate
less externally than intuitive NPD teams. However Table 1 also
shows this relation just falls short to being significant as the pvalue is 0.0755. This means there is a low presumption against
the null hypothesis.

5.2.2 Hierarchical linear Regression Analysis
Appendix 3 shows assumptions. Some influential cases were
deleted as they surpassed the Cook’s distance. These are likely
to be data entry faults.
As depicted in Table 2, including the variable team-level
cognitive style significantly improves the explained variance.
When the adjusted r square is examined, we can see that the
inclusion of the cognitive style variable improves the explained
variance with 0.0755.
However, when examining the significance of the models it can
be concluded, from Table 2, that both models are not
significant. Table 2 provides evidence that only the variable
team-level cognitive style provide significantly to the dependent
variable. It also seems to be that team-level cognitive style is
the most important variable when we look at the standardized
coefficients.

5.3 Average External Collaboration –
Cross-functionality
As cross-functionality did not significantly influence the
dependent variable, this independent variable was removed in
order to see if the model improves. When Table 2 is examined
we can see that the adjusted R square between the model
increases. Furthermore the adjusted R square of the variables
average company experience, team size and team-level

The models predicting average internal collaboration prove not
to be significant and no model was found where the control
variables significantly influence the model. In predicting
gatekeeper external collaboration and average external
collaboration the control variables also did not significantly
influence the predictor variable. This indicates that the
presumed relationship might not be linear.

5.5 Team-level Cognitive Style in Predicting
Internal and External Collaboration
Following the statistical tests we can safely say that hypothesis
H1a and H2a are not supported by the data. Team-level
cognitive style does not significantly influence the average
collaboration intensity within a NPD team.
The relationship between external collaboration and team-level
cognitive style is however proven to be leaning towards a
significant one in this sample. The statistical tests provide some
indications in support of hypotheses H1b and H2b. This means
analytical preferenced NPD teams might display less external
collaboration, intuitive teams might collaborate more
externally. The independent samples t-test proves that there is
an indication that analytical teams externally collaborate less.
This relationship was further proven by the hierarchical
multiple regression analysis where team-level cognitive style
negatively influences external collaboration within NPD teams.

6. DISCUSSION
6.1 Relation Average Internal Collaboration
and Team-level Cognitive Style
After statistical testing, the data suggests that there is no
evidence to support hypotheses H1a and H2a. This means that
the suggested arguments are not valid. The analytical thinking
style of individuals does not limit the internal collaboration
intensity, through the use of established structures.
Furthermore the notion that NPD teams with a preference for
intuitive thinking collaborate less internally is in conflict with
the reasoning behind the hypotheses. However it does fit with
the evidence found by Carnabuchi 53 . In this study it was
discovered that intuitive persons have a hard time mobilizing
closed networks. This means that internal collaboration
intensity is lowered as team members cannot be motivated by
the novel ideas of the intuitive individuals.
The insignificant influence of the control variables on the
dependent variable also indicates some problems with linearity.
The control variables fail to explain the model and therefore the
presumed linear relationship does not materialize. This means
that other independent variables might better predict a linear
relationship with the dependent variable.
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This omitted variables problem of the low explained variance
suggests a more important predictor variable is absent in the
model. This could be the number of set meetings scheduled by
the project leader. It is quite possible that internal collaboration
is more regulated than emergent. The scheduled meetings
effectively kill the incentive for team members to collaborate on
their own initiative. The influence of cognitive styles thus is
limited on the internal collaboration activities.

preference, collaborate less externally. This means these teams
fail to see the value of external partners and miss the
opportunities associated. Intuitive NPD teams do see the
opportunities and therefore have an incentive to collaborate
externally.

6.2 Relation Gatekeeper External
Collaboration, Average External
Collaboration and Team-level Cognitive
Style

The need for individuals with a preference for the analytical
thinking style to find solutions that fit their current mental
framework inhibits external collaboration58. Solutions found in
combination with external partners are more likely to be in
conflict with their established framework. The incentive to
further collaborate with the external partner is therefore limited.

The results, of the statistical testing of the average external
collaboration and team-level cognitive style variables, prove
that there might be a linear relationship. The independent
samples t-test, where the mean of average external collaboration
was examined between the two cognitive styles, just fell short
of being significant with a p-value of 0.0755. The hierarchical
linear regression models p-value was determined to be at 0.093.
The variable team-level cognitive style in this model was found
to be significant at a p-value of 0.04.
No evidence was found to support the assumption that external
collaboration is influenced by gatekeepers. The statistical tests
found no significant linear relationship and the t-test did not
yield a significant difference between external collaboration
through gatekeepers and the two groups of information
processing styles.
The results suggest the relationship could be as previously
hypothesized in hypothesis H1b and H2b. The p-values of the ttest and ANOVA model significance suggest that there is a low
presumption to accept these hypotheses. Again however the
control variables act in an unexpected way. Only average
company experience contributed significantly to the model
suggesting that the rest of the independent variables do not
follow a linear relationship with the dependent variable. When
we examine the explained variance of the adjusted R-square, we
find a quite low explained variance of 0.083 in the best model.
This means the variables used only explain 8% of the variability
of the dependent variable average external collaboration. In this
model however it was found that the variable team-level
cognitive style is the most important variable, when the
standardized coefficients are examined. These results suggest
that analytical teams collaborate less externally than intuitive
teams. The findings of this research add to existing research on
cognitive styles and suggest that scores on the cognitive style
index negatively influences external collaboration and thus
innovation performance54.
To explain this relationship, signs can be sought in individual
characteristics. As previously stated, analytical people do not
deviate from existing routines and have a hard time recognizing
the value of new information sources 55 . Individuals with a
preference for intuitive thinking however are more likely to
collaborate externally as they deviate from known routes and
rely on different insights to reframe their innovation problems.
Therefore teams with a preference for analytical thinking are
less likely to collaborate externally and intuitive preferenced
NPD teams collaborate more externally.
The fact that analytical preferenced teams have a hard time
assessing the value of new information is in line with the
findings of this research 56 . As teams with an analytical

The fact that innovators are more likely to have t-shaped skills
and a broad network makes it easier for these individuals to
leverage their network57.

6.3 Contribution to Theory
Although the literature on cognitive style is gaining momentum,
the relationship collaboration and team-level cognitive style had
not yet been examined. This study remedies this gap in existing
literature and examines the relationship between aggregated
cognitive styles and internal, and in particular, external
collaboration.

7. MANAGERIAL IMPLICATIONS
7.1 Contribution to Practice
Team-level cognitive style might explain external collaboration
more than any other control variable used in this study. When a
project dictates high external collaboration intensity, team-level
cognitive style could be the most important variable to look at
rather than the other control variables. Indicating that the same
level of external collaboration, can be reached by constructing
teams of two highly intuitive individuals, rather than three
mediocre intuitive individuals. So projects that demand high
intensity external collaboration are better suited to intuitive
teams rather than analytical teams. This also eliminates the
efficiency decrease when teams become larger. Time spent on
coordination increases which otherwise could have been spent
on the project.
However the as explained variance was limited and some
control variables insignificantly contributed to the models, a
better predicting variable is needed. Company structure or even
industry structure could possibly better predict external
collaboration. Industries that are characterized by open
innovation are more likely to collaborate externally. When
company culture recognizes the value of open innovation and
networked organizations, they will foster internal and external
communication, by building networks with other organizations,
teams and departments59.
The relationship between internal collaboration and team-level
cognitive style however has not been found to be significant.
Existing literature on team size, cross-functionality and
company experience still dictate the intensity in which teams
internally collaborate60,61.

8. LIMITATIONS
The data was collected using questionnaires. This means the
data relies on subjective measures. The questionnaires make
subjects aware that they are being examined as it is an intrusive
data collection method. Here demand characteristics and social
desirability are threats to the experimental construct validity.
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The subject may want to help the researcher and fill out the
questionnaires biased so the researcher gets positive results
rather than respondents fill the questionnaires out truthfully.
Furthermore it is hard to check if the intended subject actually
fills out the questionnaire or that a colleague fills out the
questionnaire.
Additionally there might be some problems with construct
validity. The measure external collaboration is rated on a five
point scale dependent on the intensity of the external
collaboration. This scale leaves room for biased answers. A
score of three might mean two different things to two
individuals. Collaboration might be distinguished between
communication and actual physical collaboration. Furthermore
these two constructs could be constructed of several well
formulated items, in order to further enhance the validity.
External validity might be low as the sample group is quite
universal in its demographics. The sample comprises only
organizations in high technological driven industries and the
fast majority of the team members were men. Furthermore most
organizations were situated in the Netherlands.
The quite low value of the adjusted R-square and therefore the
low explained variance of the dependent variable average
external collaboration, suggest the problem of omitted
variables. Important predictor variables might be left out of the
model which actually better predict the model.
The one-dimensional cognitive style measure of the cognitive
style index is lately surpassed by the multidimensional
measures of Epstein62. Epstein’s measure might better predict
the dependent variable and have a higher external validity. Also
the concept of cognitive style has been said to be stable63. Some
scholars however are questioning this aspect of cognitive style.
They have suggested individuals adapt their cognitive styles to
their tasks6465.

The problems with control variables suggest the relationship
between the variables is not linear. Further statistical testing can
improve our understanding of the relationship between the
team-level cognitive style and internal and external
collaboration. Spearman’s rho could provide a helpful insight as
its not affected as much by a bend in the scatter plot. By
plotting the ranking of the dependent variable in a scatter plot a
more linear relationship should emerge. Additional data
gathering is needed to improve reliability. Furthermore this data
should be collected from diverse demographic sources.
The omitted variables problem suggests that there are other
variables that are better able to predict the dependent variables.
Additional research is needed to discover which variables are
better in predicting the dependent variable.
The indication that cognitive style is better assessed through a
multidimensional measure of Epstein, calls for replication of
this study with Epstein’s measure of cognitive style 69. The use
of this measure might increase the reliability of this study.
It would also be interesting to see if the gatekeeper theory
holds up when the sample size is increased. Also an analysis
should uncover if gatekeepers are exclusively intuitive
individuals or evenly distributed among analytical and intuitive
individuals.
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This study presumes that, high intensity of internal and external
collaboration, positively influences innovation performance.
Many scholars have proven this relationship66. This is however
not always the case. Improved collaboration also increases job
stress which negatively influences innovation performance 67.
Furthermore high intensity collaboration is not always an
indication for great processes. Failing to provide clear goals and
vision could send teams a drift 68 . In order to refocus on the
goals set, more collaboration needed. High intensity
collaboration can thus be a construct for poorly designed and
executed internal processes.

9. SUGGESTIONS FOR FUTURE
RESEARCH
The reliance on questionnaires when doing research is mostly
unavoidable. However to reduce bias some objectives measures
should be added. To improve the measure of internal and
external collaboration, data on hours spent in meetings and
number ideas generated should improve the objectivity of the
measure. These measures allow no room for interpretation bias
as these are concrete measures. The addition of these measures
will significantly improve the reliability and validity of the
constructs and measures.
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12. APPENDIX
12.1 Appendix 1
Multicollinearty can be assessed by examining the correlations
as depicted in Table 3. Here no significant correlation was
found between the independent variables, although the variable
average company experience and team CSI come close at 0.054.
Table 3: Correlations independent and dependent variables

When we look at the p-p- plot in
Figure 1, we can see that
some points deviate from line somewhat so linearity of this
model is questionable.

12.2 Appendix 2
Table 5: Correlation table gatekeeper external collaboration
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Table 4: Residual statistics
Residuals Statistics

Table 5 depicts that correlations fall between measures although
average company experience does correlate close to significant
with team-level cognitive style.

a

Std.
Minimum Maximum
Cook's
Distance

,000

,433

Mean

Deviation N

,035

,077 49

Table 6: Residual statistics gatekeeper external
collaboration
Residuals Statistics

a

a. Dependent Variable: AVGCO2
There are some outliers as Cooks distance D>4/n-k-1 =
D>0,0930. When Table 4 is examined, the maximum is 0.4333
so there are some outliers.

Std.
Minimum Maximum
Cook's
Distance

,000

,181

Mean

Deviation N

,023

,041 47

a. Dependent Variable: HIGHCO4
Table 6 depicts that there are some outliers as Cooks distance
D>4/n-k-1 = D>0,0930.

Figure 1: p-p plot average internal collaboration

Table 8: Residual statistics average external collaboration
a

Residuals Statistics

Std.
Minimum Maximum
Cook's
Distance

,000

,209

Mean

Deviation N

,024

,043 47

a. Dependent Variable: AVGCO4
There are some outliers as cooks distance of 0.09756 is
surpassed in Table 8.
Figure 2: p-p plot gatekeeper external collaboration

Again it can be seen in Figure 2 the deviation from the straight
line suggest problems with linearity and normality.

12.3 Appendix 3

Table 7: Correlation table average external collaboration
Correlations

Figure 3: p-p plot average external collaboration
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Correlations are not significant as depicted in Table 7.

Deviation from line suggests problem with linearity and
normality as can be seen in Figure 3: p-p plot average external
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