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Abstract
The cognitive diversity of top management teams has
been shown to affect the performance of a firm. However,
most approaches to measure cognitive diversity never
attempt to open the "black box" to understand what
makes up the cognitive diversity of the team. This
research reports on an approach that identifies diverse
belief structures, i.e., cognitive subgroups, through the
use of causal mapping and cluster analysis. The
procedures of the approach are automated using group
support systems technology resulting a Group Cognitive
Mapping System (GCMS). The results from a study of 13
top managers on a strategic planning team for an
information services firm show that the use of causal
mapping provides an efficient and effective way to
identify idiosyncratic and shared knowledge among
members of a top management team.

1. Introduction
There continues to be a growing interest in linking
cognition to strategic management [36,41]. One aspect
especially important to top management team
effectiveness is cognitive diversity [24,27]. Cognitive
diversity is defined as variation in underlying and
invisible cognitive processes such as attitudes, beliefs or
values. Multiple beliefs and perspectives are important in
order to capture information necessary to interpret
complex environments. Kilduff et al [24] found that
interpretive ambiguity is positively related to performance
during initial decision making stages among simulation
teams. An explicit representation of these perspectives
could be beneficial to the top management team. On the
other hand, cognitive diversity can also be detrimental to
top management team effectiveness. Some researchers
have hypothesized that the greater the shared
understanding, i.e., the lower the cognitive diversity, that

exists between individuals that work together, the greater
the team’s effectiveness [12]. Other researchers have
found that the degree of consensus about goals and about
the means of achieving them influences the effectiveness
of the firm [9,14,15]. One approach to increase the shared
understanding between individuals is to make the beliefs
and perceptions explicit by modeling different
interpretations so as to capture and evaluate both the
similarities and differences found in the individuals’
cognitions [13,17].
Various approaches have been used to represent
individual and shared belief structures. These include
team mental models [26], organizational knowledge
structure [30], core causal beliefs [33], managerial thought
structures [34], and belief structures [40]. Capturing and
evaluating both individual and group-level belief
structures, via cognitive maps, can make progress towards
the goal of understanding the shared and idiosyncratic
knowledge contained in individual, group and
organizational cognition. Hall [22] has suggested that
organizational memory is primarily causal in nature. In the
research reported here, our subjects produce causal maps
to capture cause and effect relationships that relate the
factors that impact firm performance.
The purpose of this research is to describe technology
for uncovering cognitive diversity among members of a
management team. In the remainder of the paper, we
overview the causal mapping-based approach for
capturing individual and deriving collective cause maps,
give an example of subgroups derived from a study of a
strategic planning team through the use of cluster analysis
and present evidence of the ability of the approach to
reveal cognitive diversity quantitatively and qualitatively.

2. Background
Cognitive mapping is a technique that captures the
perceptions of an "individual about a particular issue or
problem in a diagrammatic, rather than linear, format"
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[18]. An analysis of various cognitive mapping techniques
[3,5,17,23] shows that most of the techniques may be
viewed as consisting of three major parts: eliciting
concepts, refining concepts, and identifying relationships
between concepts. A common characteristic of these
approaches is a focus on obtaining the views of people in
the problem environment. These views are often obtained
using broad questions with the intention that the
participants will provide the details they believe are most
important. Cognitive mapping techniques have been used
to investigate many diverse areas, including beliefs of
politicians [3], decision-making aids [6,17,21,23,43],
managerial and organizational cognition [20,31] and
organizational learning [4,17,25,29].
Cause maps have been used to represent managerial
cognition at both the individual and group levels
[3,17,23,31]. Even though cause maps have been used to
represent group-level cognition, most cognitive mapping
approaches only have captured individual cause maps.
This has lead to the difficult problem of merging
individual maps to create a collective cause map that
represents the aggregation of the individual levels. To
successfully merge the individual maps, sufficient
congregating labels must be identified. This tends to be a
very difficult and time-consuming process as researchers
must infer the meaning of the beliefs in each individual’s
idiosyncratic map. When merging these individual maps
the research necessarily determines that two individuals
have sufficiently similar intent so that a congregating label
exists. This introduces the possibility of researcher bias
[32]. A congregate map groups individual maps together by
merging the maps on the congregating labels.
The use of congregate labels created by the researcher
to group similar concepts used across individuals is a
common approach of merging individual maps into group
maps [6,18,38]. Sheetz et al. [38] define a process that
enables the individuals in a decision making team to agree
upon the congregate labels so that researcher intervention
and bias is minimized.
Sheetz et al. [38] is a modification of the Self-Q
Technique [6]. The Self-Q technique is designed to
minimize researcher bias by having the participants ask
themselves questions and thus determine for themselves
what concepts they associate with the domain. However,
unlike the Self-Q Technique, their approach eliminates the
difficult process of merging individual maps, by having the
group define the congregating labels before individually
identifying the relationships. This group-driven approach is
a substantive difference with collective map approaches. In
addition, known as the Group Cognitive Mapping System
(GCMS) it is implemented in a WWW-based environment
using a MS Access database and procedures written Java
and SQL.
The GCMS is consistent with the goals of identifying a
shared cause map. It couples group support systems

technology with cause mapping to provide a mechanism
for controlling the potential for researcher bias by having
the team identify their congregating labels (categories),
rather than the researchers [37]. The group, using the
GCMS evaluates the factors to reach a shared
understanding and establish sufficient congregating labels
(shared knowledge categories).
These are used to
computationally merge individual cause maps to identify a
shared cause map.

3. Methodology and example
In this section we present the methodology used to
reveal cognitive diversity along with an example to
illustrate the methodology.
There were thirteen
participants in this study. They were members of a
strategic planning team consisting of top management of
an IT services firm. The firm's primary source of business
was the federal government. The GCMS causal mapping
procedures were preliminary steps in a strategic planning
process. The GCMS procedures were run in a typical
computer lab setting.
The procedures for capturing and evaluating the
individual and group cause maps consist of multiple steps.
The data captured by the system are useful for
understanding the different perspectives that exist among
team members, i.e., the cognitive diversity of the
management team. The steps are described below.
The causal mapping procedures are implemented by a
GCMS session consisting of an agenda of activities. Each
data capture activity is supported with a GCMS tool.
Throughout the session, a facilitator provides procedural
guidance to the group, e.g., administrative activities such as
reading instructions and keeping time. To avoid potential
researcher bias, at no time does the facilitator provide
feedback on group responses.
Individuals first log on to the system to begin the group
cognitive mapping session. After successfully logging on,
individuals identify concepts, define categories from the
meanings of the concepts, determine the relative importance
of the categories, and indicate the influence of each
category on other categories (See Table 1). Each of the
steps and the results obtained in the example study are
described below.

3.1. Elicit concepts
The purpose of this step was to allow the participants
to identify and exchange their beliefs about the future
direction of their firm. A framing statement was presented
to the participants to set the context for the brainstorming
of concepts. The framing statement consisted of four
questions.
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1.

What do we want to accomplish in the next
five years?
2. What is it that we do especially well?
3. What other things should we be doing
especially well?
4. What present and future constraints do we
face in our operations?
The participants generated 153 concepts or about twelve
concepts per participant.

3.2. Identify and define categories
The purpose of this step was to identify and define a
set of categories (congregating labels) that group the
similar concepts identified in the previous step.
Participants looked through the list of concepts to identify
those that address a similar issue or idea. The participants
then voluntarily proposed a category name and definition to
the group. The facilitator recorded the proposed category
name on a chalkboard. This continued until the group was
satisfied with the group of the proposed categories. Once
the categories were created, the facilitator encouraged the
group to add, delete, and/or merge categories. This process
continued until the group is satisfied with the list of
categories and their definitions. Table 2 lists the twelve
identified categories and their definitions produced by the
participants. This process is intended to allow the group to
identify the sufficient congregating labels for identifying the
group map.

3.3. Classify concepts
The purpose of this step was to allow the participants
to deepen their shared understanding of the categories. In
this step, the participants placed each concept into one of
the categories defined in the previous step. Concepts that
a participant did not feel belonged in one of the categories
were placed into an Unknown category. This step was
completed when all participants had placed the concepts
into categories.

3.4. Rank categories
The purpose of this step is twofold. First, to
understand the relative importance of categories to the
issue contained in the framing statement. Second, but
equally important, this activity is to increase the shared
understanding of the meanings of the categories for the
participants, i.e., an attempt to ensure that the categories are
indeed sufficient congregating labels. In this step, the
participants rated the importance of each category to
meeting the issues contained in the framing statement. The
ratings were converted to rank orders and analyzed. The
participants reached a moderate level of agreement on the

rank ordering of the importance of each category (Kendall's
W = .514, X2 = 73.572, p = .000).

3.5. Relationship identification
Causal relationships are identified between categories.
These relationships provide the final component of
creating individual cognitive maps. Relationships are
identified without viewing the relationships of other
participants. In a cause map, an arrow indicates that a
participant perceives that a change in the originating
category affects the terminating category. To identify a
causal relationship, the participant selects (1) the origin
category, (2) the destination category, and (3) the
direction (positive or negative) and amount of influence
(strong:3, moderate:2, or slight:1) that the origin category
has on the destination category. If the participant decides
that they should not have included a relationship that is
currently in their map, they may remove it. The
participant repeats these steps until the participant is
comfortable with the displayed map. At which time, the
participant saves the map to the system. This activity is
completed when all participants have saved their maps.
The process of deriving a collective cause map involves
determining the number of participants that identified each
possible relationship between the categories. The system
derives a series of group causal maps from the individual
maps by examining each of the possible relationships
among the categories. The number of participants that
identified the relationship and the average strength of the
relationship are computed. The series of group maps
begins with a map containing only the relationships
identified by all participants (a consensus map) and ends
with a map containing relationships identified by any
participant (a total map).

3.6. Cognitive subgroup identification
To identify the set of subgroups within the team, we used
cluster analysis to group the individual participant maps
together. To compute the similarity of one map to another,
we computed Jaccard coefficients [10] based on the shared
causal relationships among the participants. We can
measure similarity in this manner since the nodes in the
individual participant maps are identical. In this case, the
more shared causal relationships, the greater the similarity
is between the maps. The resulting similarity matrix of
Jaccard coefficients was used for clustering using Ward's
method [1]. Based on the cluster analysis, four subgroups
were uncovered.
Table 3 shows the importance ratings for the overall
group and the four subgroups. Inspection of the table
indicates differences among the subgroups and the
subgroups differ from the overall group. The level of
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agreement increased among the members of each
subgroup in comparison to the level of agreement reached
in the overall group. The increased values range from
.593 (Cognitive Subgroup 3) to .823 (Cognitive Subgroup
2) compared to .514 for the overall group. This implies
that there were different belief systems existing within the
overall group.
Table 4 displays the average cognitive centrality of
each node (category) in the individual participant maps
for the overall group and the cognitive subgroups. Review
of the table indicates that the cognitive subgroups differ in
terms of which categories have the most influence. The
within group agreement is greater for the subgroups than for
the overall group. The level of agreement values ranged
from .465 (Cognitive Subgroup 4) to .716 (Cognitive
Subgroup 3) in comparison to .373 for the overall group.

4. Discussion
The above results demonstrated that there were higher
levels of agreement within the cognitive subgroups than
within the overall group and that there were differences
between the cognitive subgroups.
In this section, we
describe the agreement reached within each cognitive
subgroup and the differences between the cognitive
subgroups.
The results reported in Tables 3 and 4 show the level
of agreement on both the explicit importance ratings and
the cognitive centrality of the categories are greater than
what was reached by the overall group. This demonstrates
that the members within the cognitive subgroups agreed
with one another more than they agreed with members of
the other cognitive subgroups. By reexamining the
average rating and converted rank order of the importance
of each category (see Table 3), we see that there is
substantial disagreement between the cognitive subgroups.
For example, the Growth category is the most important
category for Cognitive Subgroups 3 and 4, while it is only
the sixth ranked category for Cognitive Subgroup 2.
Furthermore when inspecting Table 4, we see that not
only do the rank ordering of the categories by cognitive
centrality values differ between the cognitive subgroups,
we see that the level of connectivity among the categories
are different. For example, the cause maps for Cognitive
Subgroup 4 are much more interconnected than the other
cognitive subgroups.
Figures 1 through 4 show the consensus causal maps
for the cognitive subgroups. The maps are drawn in a left
to right order by Givens-Means-Ends. Givens are shown
as a lightly shaded box drawn with a solid outline, Means
are shown as an unshaded box drawn with a dashed
outline, and Ends are shown as a darker shaded box drawn
with a dashed outline. Positive causal relationships are
shown with a solid arrow, while negative ones are shown

with a dashed arrow. The width of the relationship line
portrays the strength (1, 2, or 3) of the relationship.
The consensus map for Cognitive Subgroup 1 is shown
in Figure 1. This map shows that, from this cognitive
subgroup's perspective, Leadership is a very important
and causally affects five of the other categories either
directly or indirectly. In fact, the only End not affected by
Leadership is External Image. Additionally, Growth is a
very important End, or goal, for this subgroup. This
subgroup also believes that issues related to Organization
has a negative, or inverse, causal effect on Personnel
Management which has a positive effect on Growth. This
subgroup also believes that the Organization category has
a negative relationship on Growth of the firm. This belief
is counter to the other cognitive subgroups, which believe
that Organization has an indirect positive relationship to
Growth.
Figure 2 shows the consensus map for Cognitive
Subgroup 2. This cognitive subgroup is the only one that
included the Competitors category in their consensus map.
They believe that Competitor issues will negatively affect
the Growth of the firm. They also have an internal and
external causal theme that impacts Growth. The internal
theme is driven by the Communication category and
mediated by the Personnel Management and Organization
categories. Based on this theme, it is obvious that this
subgroup feels that organizational communication plays
an important role in the growth of the firm. The external
theme is driven by the External Image and Products
categories and is mediated by the Customers and
Profitability categories. This theme implies that for the
firm to grow, the firm must increase their customers which
will only occur if the firm's external image is improved
and the firm's products are expanded. This external theme
is unique to this subgroup.
The consensus map for Cognitive Subgroup 3 (see
Figure 3) is the simplest of the consensus maps. This is
the only subgroup whose map does not have any Means.
They believe that the Givens (Personnel Management,
Communication, Leadership, Organization, and Mkt/Bus
Development) directly affect the Growth category. They
also do not believe that these categories are interrelated in
any manner. As such, it is very difficult to understand
how they can use their map to impact the future direction
of the firm.
The consensus map for the Cognitive Subgroup 4, is
shown in Figure 4. Like Cognitive Subgroup 2, this
subgroup too has an internal and external causal themes.
The internal theme shows that Communication issues
indirectly affect the Growth of the firm via the Leadership
and Quality categories. Interestingly, this is the only
subgroup that did not see Leadership as a Given. Instead,
Leadership only mediates the effect of the Communication
and Organization issues have on the Growth of the firm.
The external theme is the Products category affects
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Growth via the Customers category. This implies for
Growth to occur for the firm, the Customer base must be
increased which can be done by increasing the Product
offerings. However, the two subgroups disagree as to the
role that the External Image and Mkt/Bus Development
categories play, one believes they are Givens, the other
Ends.

5. Summary
Review of the different causal maps of the cognitive
subgroups, it is clear, that the different subgroups have
different underlying knowledge structures. Furthermore,
the identification of the similarities and differences in the
knowledge of subgroups is useful for any strategic
planning process.
The GCMS provides an efficient and effective way to
identify idiosyncratic and shared knowledge among
members of a management team. By clustering the
individual cause maps, based on their shared causal
relationships, we were able to uncover a set of cognitive
subgroups within the top management team. The number
of cognitive subgroups and their levels of agreement
represent measures of cognitive diversity within the team.
The similarities and differences in the importance of the
categories and the relationships among them qualitatively
reveal the nature of differences among team members
The identification of the similarities within each
cognitive subgroup and the differences between the
cognitive subgroups is useful for a strategic planning
facilitator to have as a beginning point for the typical
negotiating and bargaining processes that are part of any
strategic planning cycle.
The primary limitation for this approach for
uncovering cognitive diversity is that the results are
illustrative and based on a single management team, and
therefore must be considered exploratory. That is, the
method and measures of cognitive diversity must be
validated by further research. Of course, the perceptions
of team members are relevant only to the context of their
firm, thus any generalization of the results to other
contexts must be done with care.
Further investigation into using causal mapping and
cluster analysis to identify cognitive subgroups in top
management teams as a way to uncover cognitive diversity
is indicated. The approach applied results in both
quantitative and qualitative descriptions of differences.
Research is needed for tasks other than strategic planning
and for teams working in other environments and
industries, e.g., government and manufacturing sectors.
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Table 1: Causal mapping procedures.
Description

Activity
1. Elicit Concepts
Introduction

Log in screen and presentation of the framing statement and stall
diagram.
Elicit characteristics, concepts, and/or issues that contribute to strategic
situation of the firm in the case. Comments are shared among all
participants as they are entered.

Concept Identification

2. Identify Categories
Category Identification

3. Classify Concepts
Concept Categorizations
4. Rank Categories
Category Rating Step

5. Define
Relationships
Identify Relationships

Category Name
Growth
Profitability
Communication
Personnel Mgmt.
Organization
External Image
Products
Customers
Marketing/BusDev
Leadership
Quality
Competitors

Elicit categories that group concepts by similarity; agree on category
definitions and names. Each participant verbally suggests a category
name and definition. Other participants comment on the name and
definition. The facilitator lists the names and records the definition using
the system.
Each participant classifies the concepts into categories.
Each participant rates each category on a 9-point scale, from important to
extremely important without knowing the responses of other group
members..
Each individual selects from list uses the system to identify causally
related categories. Each causal relationship is assigned a direction
(positive + or inverse -) and a strength from 1 to 3 for a scale of -3 to +3,
from strong negative influence to strong positive influence of one
category on another category.

Table 2: Participant Identified Categories and Definitions
Definition
Of the company, customer base, revenues.
ROI, stock value, fee, expectations.
Internal vertically and horizontally.
Compensation, recruiting, HR, training, retention.
Getting better organized, corporate structure, organized to meet goals.
New logo, too stakeholders, reputation, public image, name recognition.
Information technology, services, solutions, expansion.
Anyone paying us money, internal functions.
Business development, strategic posturing, how to get customers.
Accountability, ethics/corporate values, developing vision.
How you do the job, meet customer expectations, internal/external, compliance.
Anyone who could take our work, internal component, anyone with work we want.
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Table 3: Average Category Importance Rating (and Converted Rank) by Group
Overall
Cognitive Subgroups
Category
Group
1
2
3
4
Growth
8.31 (1)
8.00 (3)
6.50 (6)
8.67 (1)
8.83 (1)
Leadership
7.69 (2)
7.50 (4)
7.50 (2)
7.00 (4)
8.17 (2)
Personnel Management
7.69 (2)
8.50 (1)
7.00 (4)
7.00 (4)
8.00 (4)
Mkt/Bus Development
7.31 (4)
8.50 (1)
7.50 (3)
6.67 (6)
7.17 (5)
Communication
7.15 (5)
7.00 (5)
8.50 (1)
8.00 (2)
6.33 (7)
Customers
6.54 (6)
5.50 (9)
7.00 (4)
6.33 (7)
6.83 (6)
Quality
6.54 (6)
7.00 (5)
2.00 (10)
6.00 (8)
8.17 (2)
Organization
6.15 (8)
6.00 (8)
5.00 (7)
8.00 (2)
5.67 (9)
Profitability
5.69 (9)
7.00 (5)
5.00 (7)
4.67 (9)
6.00 (8)
Products
4.31 (10)
5.00 (10)
0.50 (11)
4.00 (11)
5.50 (10)
External Image
3.77 (11)
3.00 (11)
4.50 (9)
4.33 (10)
3.50 (11)
Competitors
2.00 (12)
1.00 (12)
0.50 (11)
1.00 (12)
3.33 (12)
Rank Order Agreement
Kendall's W
X2
p

.514
73.572
.000

.718
15.785
.149

.823
18.099
.079

.593
19.556
.052

.620
40.937
.000

Table 4: Average Cognitive Centrality (and Converted Rank) by Group
Overall
Cognitive Subgroups
Category
Group
1
2
3
4
Growth
12.31 (1)
8.50 (1)
10.00 (1)
5.67 (3)
16.00 (1)
Personnel Management
7.46 (2)
7.50 (2)
4.00 (5)
6.67 (1)
9.00 (7)
Quality
7.31 (3)
5.50 (5)
3.00 (10)
3.33 (6)
11.33 (2)
Leadership
7.08 (4)
6.00 (3)
3.50 (9)
4.00 (4)
10.17 (5)
Mkt/Bus Development
6.92 (5)
6.00 (3)
4.00 (5)
2.67 (7)
10.33 (4)
Profitability
6.92 (5)
5.00 (6)
5.00 (3)
2.33 (8)
10.50 (3)
Communication
6.77 (7)
5.00 (6)
4.00 (5)
4.00 (4)
9.67 (6)
Customers
6.15 (8)
4.00 (8)
6.50 (2)
1.67 (10)
9.00 (7)
Organization
5.77 (9)
4.00 (8)
4.50 (4)
6.00 (2)
6.67 (11)
External Image
5.62 (10)
4.00 (8)
4.00 (5)
2.00 (9)
8.50 (10)
Products
5.23 (11)
2.00 11)
2.50 (11)
1.67 (10)
9.00 (7)
Competitors
3.08 (12)
1.50 (12)
2.00 (12)
0.67 12)
5.17 (12)
Rank Order Agreement
Kendall's W
X2
P

.373
53.406
.000

.536
1.800
.379

.660
14.513
.206
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.716
23.627
.014

.465
30.711
.001
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Figure 1: Cognitive Subgroup 1 Consensus Map
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Figure 2: Cognitive Subgroup 2 Consensus Map
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Figure 3: Cognitive Subgroup 3 Consensus Map
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