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Cognitive diversity is an important concept stemming from western management research
in the 1990s. With the rapid development of science and technology, there is a growing
interest in the composition of an academic research team, such as team diversity. However,
there is no tool available for measuring team cognitive diversity (TCD) for academic
research teams. Based on Van der Vegt's theoretical model of TCD, an Academic Research
Team Cognitive Diversity Scale (ATCDS) is developed and validated for an academic
research team in our research with two studies (N=737). In Study One, in-depth interviews
and panel discussions were conducted to generate a preliminary questionnaire. In Study
Two, the questionnaire was administered among academic research teams. Exploratory
factor analysis revealed four factors regarding cognitive diversity: (1) the way of thinking,
(2) knowledge and skills, (3) the view of the world, and (4) beliefs about what is right and
wrong. The factor structure was further validated by confirmatory factor analysis. Moreover,
correlation and regression analyses showed that academic research TCD was positively
related to team creativity (r =0.306, p <0.01) and performance (r =0.204, p <0.10). To
sum up, our newly developed 15-item ATCDS is sufficiently reliable and valid to be used
for understanding cognitive diversity among academic research teams.

Keywords: team cognitive diversity, academic research team, scale development validation, Chinese, innovation

INTRODUCTION

The work structure in academic environments has become increasingly team-based, particularly
in the context of the research project, in which academic staff and researchers tend to work
collaboratively within a team (Henkel, 2007). An academic research team is defined as a group
of researchers who have complementary skills, are willing to take joint responsibility for common
scientific research goals, and cooperate to produce scientific results through formal or informal
collaboration (Cohen, 1991). Diversity among team members is an essential factor influencing
team performance and can produce both beneficial and detrimental effects on team functioning
(Harrison and Klein, 2007). The cognitive resource diversity theory is the most acceptable
theory to explain the positive function of diversity and its relationship with performance. The
cognitive resource diversity theory states that diversity has a positive impact on the team’s
performance because of the unique combination of cognitive resources that members bring
to the team (Hambrick et al, 1996). Among the different types of team diversity, cognitive
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diversity is particularly relevant to the outcomes of the academic
research team (Harrison et al., 2002). When team members
differ in terms of knowledge or skills, a team with cognitive
diversity will emerge. Cognitive diversity facilitates the exchange
of information and feedback, thus helping explain the positive
effect of diversity on the team’s performance (Hambrick et al.,
1996). Notably, cognitive diversity is the most relevant to analyze
its effects on academic research teams, as it provides different
perspectives, ideas, and thoughts that are required to generate
creative ideas and facilitate creative processes.

Generally, “team cognitive diversity” refers to the extent to
which the team members differed in their way of thinking,
in their knowledge and skills, values, and beliefs (Van der
Vegt and Janssen, 2003; Dahlin et al., 2005; Shin et al., 2012).
Although research on cognitive diversity is increasing, previous
studies have yielded contradictory results with regard to the
effect of cognitive diversity on team performance (Bell et al,
2011; van Dijk et al, 2012). One important reason for the
mixed results is the lack of a suitable, precise, and operable
measure for cognitive diversity. The measurement of cognitive
diversity mainly includes proxy variable approach and
questionnaire-based approach. First, the proxy variable method
directly measures cognitive diversity with surface-level
(demographic) diversity, such as educational diversity, functional
diversity, and work experience diversity (Miller et al., 1998).
This method is somewhat more intuitive and easier to measure.
The disadvantage is that it is not comprehensive enough, because
it is challenging to measure deep-level cognition with one or
two proxy variables, and it can only be said that these variables
are partly related to cognition. Second, the questionnaire method
indirectly measures deep-level (psychological) cognitive diversity
through scales (Van der Vegt and Janssen, 2003). The
questionnaire method can better measure and capture the
deep-level diversity, such as cognitive diversity. Although some
studies developed items to measure cognitive diversity, they
failed to follow the rigorous procedures of psychometrics (Van
der Vegt and Janssen, 2003). Nor do we know about the
structure and scales of cognitive diversity. That is, there still
lacks a reliable scale to measure the cognitive diversity of
academic research teams. To the best of our knowledge, no
cognitive diversity scale has been developed for the academic
research team.

Although the concept of Van der Vegt and Janssen’s (2003)
team cognitive diversity (TCD) and his four-item measurement
are generally accepted, the scale is mostly applied to workgroups
among firms. It has been noted that the characteristics of an
academic research team are significantly different from those
of a work team in the firm as an academic research team’s
focus is more on knowledge development, while a work team
in the firm emphasizes the application of knowledge (Alvesson,
2004). Accordingly, neither the measurement construct nor
the content of TCD will be different when research is conducted
in an academic research team. Therefore, it is necessary to
develop a new scale to match the context of academic work
to enhance the measurement validity (Hinkin, 1995).

The primary purpose of this study was to develop an
Academic Research Team Cognitive Diversity Scale (ATCDS)

and to examine its psychodynamic properties in Chinese
academic research teams. Based on the scale development
procedures of Hinkin (1995), we developed a more comprehensive
cognitive diversity scale that is suitable for the Chinese context
with regard for commonly accepted international standards.

STUDY 1: SCALE DEVELOPMENT

Development of the ATCDS proceeded in the following sequential
steps. Step 1, in-depth interviews with research team leaders
or team members were conducted to generate a list of potential
items for measuring academic research TCD. Step 2, panel
discussions were conducted to rationalize and reduce the number
of items to construct a preliminary questionnaire.

Step 1: Generation of Potential ltems

According to the definition of cognitive diversity (Van der
Vegt and Janssen, 2003), the participants were required to
fully describe the characteristics of team members based on
their experience and observations. The participants’ criteria
include as: (1) Participants should be researchers of academic
research teams in Chinese Universities or research institutes;
(2) Participants should work in the team for more than 1year
and be familiar with the team function and team members;
and (3) The team should consist of a leader and more than
two core members (given that a team should have more than
three persons). Moreover, we consider the team size, team
academic background, member age, tenure, and title, on which
we base to choose the representative teams whose members
are diverse in gender, age, title, functions, and academic
backgrounds. Research team leaders (n=4) and members (n=4)
were invited to participate in an in-depth interview to identify
sources of cognitive diversity within an academic research team.
The number of participants was determined based on the
saturation method (Saumure and Given, 2008), where data
were collected to the point where subsequent participants fail
to provide unique information on the topic under investigation.
When we interviewed the eighth participant, the information
he/she provided is similar to those provided by the former
seven participants, without unique information. Then, we decided
to finish the interview. The eight participants were recruited
from three universities in Guangzhou, China, representing a
range of ages, genders, and research backgrounds. The average
tenure of the team members was 8years. All participants were
interviewed individually and each interview lasted between 60
and 90min. The interviews were conducted in a quiet room
by three trained research assistants. The examples of interview
questions were as: “Do you think there are differences among
team members, and what are the specific differences?,” “Are
there differences among members in terms of attitudes,
viewpoints, ways of solving problems and thinking styles of
new knowledge, new methods, and new technologies in the
process of jointly completing scientific research projects?” The
interviews were tape-recorded and were converted into a
document of 134,500 words by the NVIVO 11 software (QSR
international company, Australia). The document was interpreted
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by qualitative research methods (Malterud, 2001). By manually
encoding and extracting items, 156 descriptive items were
initially generated.

Step 2: Item Screening

First, we deleted the repetitive descriptive items and non-cognitive
items, and excluded descriptions about behaviors and attitudes.
For example, “The differences over accepting new perspectives
among team members” and “Team members are willing to
try new research perspectives.” This step resolved to 83 descriptive
items. Second, the items with similar descriptions were combined.
For instance, the differences in knowledge and skills of team
members were combined as “diversity of knowledge and skills”;
the differences of thinking styles among team members were
combined as “diversity of thinking styles” This step resulted
in a list of 43 items. There are three experts (and seven Ph.D.
candidates) taking part in the item screening stage. Following
Hinkin’s (1998) recommendation, we conducted an item screening
study to examine the content validity of the ATCDS. We asked
three experts and seven Ph.D. candidates (in the research field
of organizational behavior) to match items into three specific
categories (i.e., cognitive diversity, demographic diversity, and
other categories). The results showed that 23 items were assigned
to the cognitive diversity category more than 80% of the time.
Thus, 23 items were retained.

STUDY 2: VALIDATION OF THE SCALE

Samples

Three samples (Sample One, Sample Two, and Sample Three)
were obtained for the conduct of exploratory factor analysis
(EFA), confirmatory factor analysis (CFA), and criterion reliability,
respectively. The scale was distributed to academic research
teams in universities or research institutions in Beijing, Shanghai,
Guangdong, Jiangsu, and Liaoning provinces in China. The
employed sample conforms to the definition of the academic
research team. For Sample One, from June to July, 2020, a
total of 308 questionnaires were distributed by email and 299
questionnaires were returned (93.43%). The respondents were
from a wide array of universities in China. A total of 58.25%
had a professor title, 28.28% had an associate profession title,
and 10.77% had an assistant professor title. In addition, 4.35%
had a national-level talent title, 18.73% had a province-level
talent title, and 76.92% did not have a talent title. Moreover,
regarding the research fields, 11.04% were Engineering Science,
17.21% were Science, 10.06% were Medical Science, 41.23%
were Life Science, and 20.45% were Social Science. Moreover,
165 were male (55.18%) with a mean age of 37 years (SD=6.47),
and 233 were team members (77.92%) and the remaining were
team leaders.

For Sample Two, from July to April, 2020, a total of 362
questionnaires were distributed by email and 308 questionnaires
were returned (85.10%). The respondents were from a wide
array of universities in China. A total of 52.60% had a professor
title, 19.48% had an associate profession title, and 14.61% had
an assistant professor title. In addition, 6.17% had a

national-level talent title, 8.44% had a province-level talent
title, and 85.39% did not have a talent title. Moreover, regarding
the research fields, 29.22% were Engineering Science, 15.58%
were Science, 25.00% were Medical Science, 24.35% were Life
Science, and 5.84% were Social Science. Moreover, 180 were
male (58.40%) with a mean age of 33.63years (SD=8.05), and
262 were team members (85.06%) and the remaining were
team leaders.

For Sample Three, from September to October, 2020, a
total of 150 questionnaires were distributed by email and 130
questionnaires were returned (86.67%). The respondents were
from a wide array of universities in China. A total of 70.77%
had a professor title, 11.54% had an associate profession title,
and 3.08% had an assistant professor title. A total of 24.62%
had a national-level talent title, 27.69% had a province-level
talent title, and 47.69% did not have a talent title. Moreover,
regarding the research fields, 27.69% were Engineering Science,
13.08% were Science, 25.38% were Medical Science, 28.46%
were Life Science, and 5.38% were Social Science. A total of
102 were male (78.46%) with a mean age of 41.96years
(SD=10.23).

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
Jinan University. The approval document is available upon request.

Item Analysis

Item analysis was performed to calculate the item means, standard
deviations, and item-to-total correlations. The results showed
that the item-to-total correlations range from 0.302 to 0.688.
No item was removed because the item-total correlation coeflicients
were above the threshold criteria of 0.30 (Nunnally and Bernstein,
1994). A t-test was performed to test the critical ratios (composition
reliability; CR) of each item. All of the items that exhibited
CR ranging between 5.07 and 17.05, which met the set criteria
(CR>4), were retained and were all statistically significant
(p<0.001). Meanwhile, a Cronbach’s a of 0.92 was the threshold
level of homogeneity. As the alpha coeflicient for item 9 exceeded
0.92, item 9 was deleted from further consideration.

Exploratory Factor Analysis

Using Sample One, we performed a principal components
analysis (varimax rotation) on the pool of 15 items to examine
whether four meaningful factors representing “Way of thinking,”
“Knowledge and skills,” “Beliefs about right and wrong,” and
“World view” could be obtained. We aimed to develop a reliable
instrument while avoiding an overly exhaustive scale containing
too many items to be used conveniently. So, while we deliberately
started with a relatively large pool of items to empirically
answer the question of which items functioned best together
in terms of their loadings, one of our goals was to reduce
the number of items significantly.

A series of statistics indicated that EFA is appropriate for
the current dataset: Kaiser—-Meyer-Olkin (KMO) =0.89, Bartlett’s
p<0.001. The EFA results suggested extracting four factors, which
account for 68.08% of the total variance. The four factors were
defined, respectively, including “way of thinking” (five items),
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“knowledge and skill” (three items), “beliefs about what is right
or wrong” (four items), and “world view” (three items). However,
7 of the 22 items, including item 6, item 16, item 19, item 20,
item 21, item 22, and item 23, had weak factor loadings (<0.50)
or high cross-loadings, suggesting the removal of these items
(Tabachnick and Fidell, 2013). Internal consistency reliability of
the 15-item scale was evaluated by Cronbachs alpha and inter-
item correlation. The results yielded a Cronbach’s alpha of 0.87,
indicating good internal consistency (DeVellis, 2003). The average
inter-item correlation for all items was 0.30, which was acceptable
and suggested that the items measure the same construct well.

Confirmatory Factor Analysis
Using Sample two, we performed CFA on the 15 items using
AMOS software (Arbuckle, 2013). To assess model fit, six
different fit indices were used. For absolute model fit, y?/df,
the goodness-of-fit index (GFI), the root mean square residual
(RMR), and the root mean square error of approximation
(RMSEA) were examined. In addition, for relative model fit,
we examined the Normed Fit Index (NFI) and the comparative
fit index (CFI). Values of 0.08 and under (for RMR and RMSEA)
or 0.90 and over (for CFI, NFI, and GFI) indicate acceptable
fit (Hu and Bentler, 1999; Byrne, 2001). Thus, the results
generally indicated an acceptable fit for the four-factor model.
The model derived by EFA was then validated by CFA.
The results demonstrated that our model had excellent fit with
the data (CFA: y*/df=2.37, NFI =0.90, CFI =0.94, GFI =0.91,
RMSEA =0.07, RMR =0.05). The graphical expression of the
path diagram of the revised EFA model is presented in Figure 1.
The factor loadings for each item ranged from 0.55 to 0.84.

Criterion Validity

Creativity and Performance

We verified the 15-item Academic Research Team Cognitive
Diversity Scale (ATDCS) validity using team creativity and
performance as the criterion (Miller et al, 1998; Shin et al.,
2012). Cognitive diversity reflects the difference in the beliefs,
thinking styles, knowledge, values, assumptions, and preferences
held by the team’s members. The greater the cognitive diversity
of a team, the easier it is to get the different cognitive resources,
which means get different perspectives, ideas, and styles of
thought. Cognitive diversity provides the academic research team
with a pool of knowledge resources that may help to deal with
scientific problems, which requires a more creative view. Therefore,
cognitive diversity influences the resources of creativity, all of
which have a positive effect on the team’s creativity (Kanchanabha
and Badir, 2021). It shows that team deep-level diversity is
associated with fewer positive emergent states and positive team
processes and more team conflict. There is an indirect relationship
between TCD and team performance through each of the
mediators: absorptive capacity (Schweisfurth and Raasch, 2018;
Triana et al., 2021). Based on these considerations and arguments,
the following hypothesis is proposed, respectively:

Hypothesis 1: Cognitive diversity in academic research
teams is positively related to team creativity.

Hypothesis 2: Cognitive diversity in academic research
teams is positively related to team performance.

Results of Criterion Validity

Creativity and performance were measured with two adapted
scales from Huang (2016) research on original innovation among
universities. In this study, each participant completed a questionnaire
of three scales and reported their demographics. Team cognitive
diversity was measured with the newly developed ATCDS (Table 1).
Cronbachs o was. 865. Five-point Likert scales were used with
answers ranging from 1 (strongly disagree) to 5 (strongly agree).
We controlled for gender, age, team tenure, and team size.

We conducted all analyses in this part using Stata 15.0.
Table 2 shows the descriptive statistics for all variables. Most
academic research team leaders in this study were males (78%);
the average age of academic research team leaders was 41.96 years;
and all of the teams recorded high creativity (mean=3.92, of
a maximum score of 5).

Table 3 shows the correlations for all variables.

To test our hypothesis that TCD has positive impacts on
creativity and performance, we constructed four models. Models
1 and 3 only contained the control variables, while Models 2
and 4 added the independent variable, TCD. The results of
the four models in Table 4 show that TCD has a positive
impact on team creativity (r=0.306, p<0.01) and team
performance (r=0.204, p <0.10). Meanwhile, compared to Model
1, the R square of Model 2 increased by 5%. Also R square
of Model 4 increased by 2% contrasted to Model 3. The
increasing R square of Models 2 and 4 proved the effects of
TCD on creativity and performance. In general, the above
analyses provide criterion validity for our ATCDS.

DISCUSSION

In developing a scale of ATCDS while extending the prior
scale of CD influence on work group in firms, we make three
contributions to CDS. First, we offer a new, robust, and valid
tool to measure CD in the academic research team. The proposed
15-item scale offers adequate psychometric properties, as indicated
by strong, consistent evidence across a pilot study and a main
study with distinct samples of team leaders or members (N=737).
By using multiple, independent, relatively large samples from
a broad spectrum of settings, we improve the generalizability
of our findings while also accounting for the specific contexts
of CD. We find strong support for the psychometric properties
of ATCDS, in terms of content and criterion-related validity.
The emerging stream of studies on the CD and performance
can benefit from this new ATCDS and test its theoretical
predictions. Second, we provide an academic research team
conceptualization of CD with four subordinate dimensions.
Thats “way of thinking,” “knowledge and skills,” “beliefs about
right and wrong” and “world view” Prior scale developments
have not always followed the standards to demonstrate
multidimensional construct validity and evidence. We show
that ATCDS is an overall, superordinate, multidimensional
construct organized.
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FIGURE 1 | Estimations of standardized path coefficient of the final confirmatory factor model.

Our ATCDS differs from the past cognitive diversity scale
in work teams in two important ways. First, it focuses on
an essential yet different context, namely, the academic research
team in China. Academic research teams focus more on
knowledge development, while work teams in corporates
emphasize the application of knowledge. Second, the
development and validation of ATCDS strictly follow the

rigorous process of scale development by Item Generation,
Scale Development, and Scale Evaluation (Hinkin, 1995).
Following the existing literature that the measures should
demonstrate content validity, internal consistency, construct
validity, and criterion validity, this study performed several
tests, and the final 15-item ATCDS shows excellent reliability
and validity by psychometric principles.
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TABLE 1 | Exploratory factor analysis of final 15 items (structure of ATCDS; N=299).

Factors

Items

Way of thinking

Knowledge World view

and skills

Beliefs about right
and wrong

The extent to which the team members differ in

Refining scientific question 0.79
Problem-thinking approaches 0.81
Problem-solving approaches 0.77
Decision making 0.82
Task-influencing factors 0.69
Educational specialization

Professional skills

Educational level

Belief that members have different Functions

Belief that researchers should be on the front-line

Belief that adhering to rigorous academic norms and ethics

Belief that research tasks need to be outsourced

Religious beliefs

Political beliefs

The origin of the world

0.75
0.81
0.68
0.75
0.81
0.79
0.74
0.86
0.81
0.74

Factors were extracted using principal component factor analysis. The rotation was processed using the varimax method.

TABLE 2 | Descriptive statistics of team cognitive diversity and criterion
variables.

Min Max Mean SD
Gender 0 1 0.78 0.41
Age(years) 23 64 41.96 10.57
Team tenure(years) 2 23 7.67 4.83
Team size(N) 2 60 15.12 11.91
Team cognitive 2 5 3.48 0.45
diversity
Creativity 2 5 3.92 0.60
Performance 2 5 3.58 0.62

At first, eight participants were interviewed, and a document
of 134,500 words was formed. We manually encoded and extracted
156 descriptive items. After that, a panel of three experts analyzed
a list of 43 items, to ensure that each item is reliable and without
repetition, so as to guarantee a good content validity. Then,
comparing to the common cognitive diversity scale of Van der
Vegt and Janssen (2003) with a Cronbachs alpha of 0.81 in work
teams, the Cronbach’s alpha of our ATCDS reached 0.87, indicating
good reliability when used in the academic research team.
Meanwhile, the result of a principal components analysis with
varimax rotation method on the pool of 15 items shows that
four significant factors representing “Way of thinking,” “Knowledge
and skills) “Beliefs about right and wrong, and “World view”
could be obtained. The model was also validated by a CFA. The
results demonstrated that our model had excellent fit with the
data (CFA: »*/df=2.37, NFI =0.90, CFI =0.94, GFI =0.91, RMSEA
=0.07, RMR =0.05). Finally, the results of the regression analysis
showed that cognitive diversity using our ATCDS has a positive
impact on team creativity (r =0.306, p <0.01) and team performance
(r =0.204, p <0.10), indicating the ATCDS has a good criterion
validity. In sum, the analyses used for reliability and validation
support the development of our ATDCS.

To our best knowledge, this is the first study to develop a
scale assessing cognitive diversity in the Chinese academic
research team and validate its psychometric properties. We offer
a new, robust, and valid tool to measure perceptions of cognitive
diversity in the academic research team, which serves as a
complementary to Van der Vegt and Janssens (2003) scale.
Van der Vegt and Janssen (2003) have some shortages, such
as questionable reliability and validity and limited generalizability
in academic research teams. To address this issue, we draw
upon the definition of cognitive diversity and followed the
rigorous process of scale development (ie., Item Generation,
EFA, CFA, and test of reliability and validity) to develop ATCDS.
This scale has many strengths. First, ATCDS has higher reliability
and validity than Van der Vegt and Janssen (2003). Compare
with Van der Vegt and Janssen’s (2003) four-item scale, our
ATCDS has 15 items (loading on four factors), which can
capture and measure cognitive diversity more comprehensively,
accurately, and reliably. Second, ATCDS focuses on an important
yet different context, namely, the academic research team in
China. Notably, the characteristics of academic research teams
are significantly different from those of a work team in corporates
such that academic research teams focus more on knowledge
development, while work teams in corporates emphasizes the
application of knowledge.

To provide a more accurate measurement for TCD in
academic work, we conduct two studies to develop and test
a new scale with four dimensions. The data were collected
from a review of previous studies, in-depth interviews with
eight interviewees, 299 questionnaires for EFA, and 308
questionnaires for CFA. Finally, this research developed a four-
dimension 15-item ATCDS for Chinese academic research
teams. Our work provides several contributions to TCD research.

First, we explore the conceptual richness of cognitive diversity
in academic work. Although the four-item single-dimension
scale of Van der Vegt and Janssen (2003) has been widely
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TABLE 3 | Correlations of team cognitive diversity and criterion variables.

1 2 3 4 5 6 7
1. Gender 1
2. Age 0.10 1
3. Team tenure -0.17" 0.36™" 1
4. Team size 0.05 0.06 0.28™ 1
5. Team cognitive diversity -0.06 —-0.08 0.05 0.09 1
6. Creativity 0.16+ 0.22" -0.01 0.25" 0.22" 1
7. Performance 0.08 0.04 0.13 0.40™ 0.16+ 0.48™ 1
N=130, + p<0.10, 'p<0.05, “p<0.01, and **"p<0.001.
TABLE 4 | Regression results.
Creativity Performance
Model 1 Model 2 Model 3 Model 4
Constant 3.58™ 2.53™ 2,92 2,227
Control variables
Gender 0.16 0.19 0.21 0.23"
Age 0.02 0.02 -0.00 —-0.00
Team tenure -0.01 —-0.01 0.01 0.01
Team size 0.09 0.07 0.29™ 0.28™
Independent variables
Cognitive diversity 0.31™ 0.20+
R? 0.30 0.35 0.25 0.27

N=130, + p<0.10, 'p<0.05 and *"p<0.001.

used, it fails to reflect the comprehensive nature of cognitive
diversity accurately (Mitchell et al., 2016). Our four-dimension,
15-item scale authentically and explicitly shows the cognitive
diversity among academic research teams in China. In general,
individuals who reason at a higher cognitive developmental
level tend to use a broader range of thinking styles than
individuals who reason at a lower cognitive developmental
level (Hamid, 2017). Because the thinking style, knowledge,
skill, belief, and worldview can impact the cognitive process
of team members (Shin et al., 2012), all four dimensions are
vital to constitute the ATCDS. Based on the previous four
items, the corresponding four-dimensional structure is obtained,
and our results prove that the ATCDS has high reliability and
validity, enriching the measurement of TCD.

Second, the four dimensions we proposed for our new scale
provide a more comprehensive understanding of academic work.
For example, with regard to the dimension of thinking styles,
it is the kind of disposition in which people organize or ponder
their responses and attitudes toward certain events or work (Kim
and Song, 2013). It focuses on the process of how people respond
to an event. For an academic research team, thinking styles are
aspects that can impact team members responses or attitudes
toward the research. Thus, the way team members refine a
scientific question, thinking and solving-related problems, making
decisions, and considering task-influencing factors are all significant
elements of an academic research teams’ thinking style.

As to the knowledge and skill dimension of cognitive diversity
in academic work, the cognitive underpinnings depend on the

teams understanding of a complex and dynamic situation at any
one point in time (i.e., team situation awareness) and is supposedly
influenced by the knowledge that the team possesses (Stout et al.,
1996). Team knowledge consists of background knowledge that
is long-lived in nature, as well as more dynamic, differing from
the fleeting understanding that an operator may have of a situation
at any one point in time (Cooke et al, 2001). Thus, the long-
term knowledge of an academic research team is composed of
the diversity of educational specialization, professional skills, and
educational levels among team members. Although previous
research has also focused on the single aspect of knowledge
and skills, for instance, educational specialization (Shin and Zhou,
2007) and educational levels (Bell et al., 2011), our study combines
diverse aspects of knowledge and skills as a whole.

Since the seminal work of Van der Vegt and Janssen (2003),
beliefs about what is right and wrong have been an important
content of TCD. Although research shows that team members’
beliefs are formed through constant interaction and
communication among team members and a collective sense-
making process (Boyce, 1995), each team member’s belief
originates from individual motivation and could be diverse.
We argue that researchers in academic teams should be on
the front-line, adhering to rigorous academic norms and ethics,
and research tasks need to be outsourced.

Finally, as to the worldview dimension of cognitive diversity
in academic work, it is a concept of attitude rather than
knowledge (McGaha and Linder, 2014). Although knowledge
is important, it is the attitudes that “influence which knowledge
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is noticed, sought, and developed” (Parker et al., 1997). The
attitude is shaped by the individual’s interaction with their
environment. Worldviews emerge from a cultural milieu including
religion, politics, science, place-based values, education, and
ethnicity (Curry, 2000). Thus, the fundamental questions, such
as religious beliefs, political beliefs, and the origin of the world,
can largely reflect an individual’s worldview.

LIMITATIONS AND DIRECTIONS FOR
FUTURE STUDIES

The current research has some limitations. First, the geographical
regions within which the academic research teams were sampled
were limited. Although we attempted to obtain typical and
representative information and included both developed and
undeveloped geographical areas, certain provinces or municipalities
were not included in this research. To improve the generalization
of ATCDS, we encourage future research to collect new samples
from various regions to retest the validity of ATCDS. Second,
the objective of this research was to develop an ATCDS for
the Chinese academic research team, whose culture emphasizes
collectivism that people view themselves as interdependent entities
and maintain social harmony, hierarchy, and obedience (Hofstede,
1980). That said, whether this scale can be applied to other
countries remained under-explored. We encourage future research
to examine the reliability and validity of ATCDS in western
countries with individualistic cultures where people view
themselves as bounded entities and pursue their individual
autonomy and uniqueness (Hofstede, 1980). Third, the current
research only considered two criteria (creativity and performance)
when testing criterion validity, we encourage future research to
examine the predictive value of ATDCS further. As Kong and
Jolly (2019) posited, research should provide more information
about the predictive value of a new scale. In this vein, future
research could explore what other team outcomes ATDCS can
predict. We expect that more effort can be devoted to exploring
both in-role and extra-role consequences of ATDCS. Finally,
although we found cognitive diversity positively affected team
creativity and performance, the mechanism underlying this
relationship is not yet fully understood. Kim et al. (2021) suggested
an indirect relationship between TCD and team performance
through some mediators, such as motivation, information exchange,
and absorption ability. Hence, a promising direction for future
research may be to explore the mediators between cognitive
diversity and team outcomes in academic research teams.

REFERENCES

Alvesson, M. (2004). Knowledge Work and Knowledge-Intensive Firms. Oxford: OUP.

Arbuckle, J. L. (2013). Amos22.0 Users Guide. Chicago: SPSS.

Bell, S. T, Villado, A. J., Lukasik, M. A., Belau, L., and Briggs, A. L. (2011).
Getting specific about demographic diversity variable and team performance
relationships: A meta-analysis. J. Manag. 37, 709-743. doi: 10.1177/
0149206310365001

Boyce, M. E. (1995). Collective centring and collective sense-making in the
stories and storytelling of one organization. Organ. Stud. 16, 107-137. doi:
10.1177/017084069501600106

CONCLUSION

This research used a qualitative analysis method to develop
an initial ATCDS. Across multiple studies, this study tested
the initial psychometric properties of the four-dimension-15-
item ATCDS. The results of item analysis, EFA, CFA, and
criterion validity show that the initial 15-item ATCDS has a
decent reliability and validity. Therefore, it is helpful for scholars
to further investigate cognitive diversity of the ATCDS measure
among academic research teams.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, and further inquiries
can be directed to the corresponding author.

ETHICS STATEMENT

The data were collected using an online-survey among Chinese
research teams who were invited via email and gave their
informed consent that researchers can analyze the collected
data for scientific purposes. The common Ethics Commission
of the Jinan University gave ethical approval for data collection.
The patients/participants provided their written informed consent
to participate in this study.

AUTHOR CONTRIBUTIONS

FD contributed to data collection, data analysis, discussion
of results, and written and preparation of the manuscript.
JP and XW contributed to the conception of the study and
analysis with constructive discussions. MT contributed to
study design, data collection, results interpretation, discussion
of results, and written and preparation of the manuscript.
All authors contributed to the article and approved the
submitted version.

FUNDING

We acknowledge the financial support from the National Natural
Science Foundation of China (nos. 71922011 and 71772076).

Byrne, B. M. (2001). Structural equation modeling with AMOS, EQS, and
LISREL: comparative approaches to testing for the factorial validity of a
measuring instrument. Int. J. Test. 1, 55-86. doi: 10.1207/S153275741JT0101_4

Cohen, J. E. (1991). Size, age and productivity of scientific and technical research
groups. Scientometrics 20, 395-416. doi: 10.1007/BF02019761

Cooke, N. J,, Kiekel, P. A., and Helm, E. E. (2001). Measuring team knowledge
during skill acquisition of a complex task. Int. J. Cogn. Ergon. 5, 297-315.
doi: 10.1207/S153275661JCE0503_10

Curry, J. M. (2000). Community worldview and rural systems: A study of five
communities in Jowa. Ann. Assoc. Am. Geogr. 90, 693-712. doi:
10.1111/0004-5608.00218

Frontiers in Psychology | www.frontiersin.org

December 2021 | Volume 12 | Article 687179


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.1177/0149206310365001
https://doi.org/10.1177/0149206310365001
https://doi.org/10.1177/017084069501600106
https://doi.org/10.1207/S15327574IJT0101_4
https://doi.org/10.1007/BF02019761
https://doi.org/10.1207/S15327566IJCE0503_10
https://doi.org/10.1111/0004-5608.00218

Dong et al.

Academic Research TCD Scale

Dahlin, K. B., Weingart, L. R., and Hinds, P. J. (2005). Team diversity and
information use. Acad. Manag. ] 48, 1107-1123. doi: 10.5465/
am;j.2005.19573112

DeVellis, R. (2003). Scale Development: Theory and Applications. London: Sage.

Hambrick, D. C., Cho, T. S., and Chen, M. (1996). The influence of top
management team heterogeneity on firms competitive moves. Adm. Sci. Q.
41, 659-684. doi: 10.2307/2393871

Hamid, A. (2017). Analysis of Students’ Critical and Creative Thinking Style
and Cognitive Ability on Chemistry. 5th SEA-DR (South East Asia Development
Research) International Conference 2017 (Atlantis Press).

Harrison, D. A., and Klein, K. J. (2007). Whats the difference? Diversity
constructs as separation, variety, or disparity in organizations. Acad. Manag.
Rev. 32, 1199-1228. doi: 10.5465/amr.2007.26586096

Harrison, D. A., Price, K. H., Gavin, J. H., and Florey, A. T. (2002). Time,
teams, and task performance: changing effects of surface-and deep-level
diversity on group functioning. Acad. Manag. J. 45, 1029-1045. doi:
10.5465/3069328

Henkel, M. (2007). Can academic autonomy survive in the knowledge society?
A perspective from Britain. High. Educ. Res. Dev. 26, 87-99. doi:
10.1080/07294360601166836

Hinkin, T. R. (1995). A review of scale development practices in the study of
organizations. J. Manag. 21, 967-988. doi: 10.1177/014920639502100509

Hinkin, T. R. (1998). A brief tutorial on the development of measures for use
in survey questionnaires. Organ. Res. Methods. 1, 104-121. doi:
10.1177/109442819800100106

Hofstede, G. (1980). Culture and organizations. Int. Stud. Manage. Organ. 10,
15-41.

Hu, L. T, and Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance
structure analysis: conventional criteria versus new alternatives. Struct. Equ.
Model. Multidiscip. J. 6, 1-55. doi: 10.1080/10705519909540118

Huang, S. E (2016). Study on the Relationship between Interdisciplinary Team
Heterogeneity and Original Innovation Performance. Hangzhou: Zhe
Jiang University.

Kanchanabha, B., and Badir, Y. FE (2021). Top management Team’s cognitive
diversity and the Firm’s ambidextrous innovation capability: The mediating
role of ambivalent interpretation. Technol. Soc. 64:101499. doi: 10.1016/j.
techsoc.2020.101499

Kim, T. Y., David, E. M., and Liu, Z. (2021). Perceived cognitive diversity and
creativity: A multilevel study of motivational mechanisms and boundary
conditions. J. Creat. Behav. 55, 168-182. doi: 10.1002/jocb.443

Kim, S., and Song, K. (2013). The effects of thinking style based cooperative
learning on group creativity. Creat. Educ. 3:20. doi: 10.4236/ce.2012.38b005

Kong, D. T,, and Jolly, P. M. (2019). Lay beliefs about attention to and awareness
of the present: implicit mindfulness theory (imt) and its workplace implications.
J. Bus. Psychol. 34, 685-707. doi: 10.1007/s10869-018-9606-1

Malterud, K. (2001). Qualitative research: standards, challenges, and guidelines.
Lancet 358, 483. doi: 10.1016/S0140-6736(01)05627-6

McGaha, J. M., and Linder, S. M. (2014). Determining teacher candidates'
attitudes toward global-mindedness. Action Teach. Educ. 36, 305-321. doi:
10.1080/01626620.2014.948225

Miller, C. C., Burke, L. M., and Glick, W. H. (1998). Cognitive diversity among
upper-echelon executives: implications for strategic decision processes. Strateg.
Manag. J. 19, 39-58. doi: 10.1002/(SICI)1097-0266(199801)19:1<39::AID-
SMJ932>3.0.CO;2-A

Mitchell, R., Boyle, B., O’Brien, R., Malik, A., Tian, K., Parker, V., et al. (2016).
Balancing cognitive diversity and mutual understanding in multidisciplinary
teams. Health Care Manag. Rev. 42, 42-52.

Nunnally, J., and Bernstein, 1. H. (1994). Psychometric Theory. New York:
McGraw-Hill.

Parker, W.,, Glenn, A., Mizoue, Y., Meriwether, C., and Gardner, W. (1997).
Japanese and American preservice teachers’ attitudes toward global issues
and relations. Peabody J. Educ. 72, 187-202. doi: 10.1207/s15327930pje7201_10

Saumure, K., and Given, L. M. (2008). “Data saturation,” in The SAGE Encyclopedia
of Qualitative Research Method. ed. L. M. Given (Thousand Oaks, CA:
SAGE Publications), 195-196.

Schweisfurth, T. G., and Raasch, C. (2018). Absorptive capacity for need
knowledge: antecedents and effects for employee innovativeness. Res. Policy
47, 687-699. doi: 10.1016/j.respol.2018.01.017

Shin, S. J., Kim, T., Lee, J., and Bian, L. (2012). Cognitive team diversity and
individual team member creativity: A cross-level interaction. Acad. Manag.
J. 55, 197-212. doi: 10.5465/am;j.2010.0270

Shin, S. ], and Zhou, J. (2007). When is educational specialization heterogeneity
related to creativity in research and development teams? Transformational
leadership as a moderator. J. Appl. Psychol. 92, 1709-1721. doi:
10.1037/0021-9010.92.6.1709

Stout, R., Cannon-Bowers, J. A., and Salas, E. (1996). The role of shared mental
models in developing team situation awareness: implications for training.
Training Res. ]. 2, 85-116.

Tabachnick, B. G., and Fidell, L. S. (2013). Using Multivariate Statistics. 6th
Edn. Pearson: Boston, MA.

Triana, M. D. C,, Kim, K., Byun, S. Y., Delgado, D. M., and Arthur, W. Jr.
(2021). The relationship between team deep-level diversity and team
performance: A meta-analysis of the main effect, moderators, and mediating
mechanisms. J. Manag. Stud. 58, 2137-2179. doi: 10.1111/joms.12670

Van der Vegt, G. S., and Janssen, O. (2003). Joint impact of interdependence
and group diversity on innovation. J. Manag. 29, 729-751. doi: 10.1016/
50149-2063_03_00033-3

van Dijk, H., van Engen, M. L., and van Knippenberg, D. (2012). Defying
conventional wisdom: A meta-analytical examination of the differences
between demographic and job-related diversity relationships with performance.
Organ. Behav. Hum. Decis. Process. 119, 38-53. doi: 10.1016/j.0bhdp.2012.06.003

Conflict of Interest: The authors declare that the research was conducted in
the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product that may
be evaluated in this article, or claim that may be made by its manufacturer, is
not guaranteed or endorsed by the publisher.

Copyright © 2021 Dong, Peng, Wang and Tang. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org

December 2021 | Volume 12 | Article 687179


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
https://doi.org/10.5465/amj.2005.19573112
https://doi.org/10.5465/amj.2005.19573112
https://doi.org/10.2307/2393871
https://doi.org/10.5465/amr.2007.26586096
https://doi.org/10.5465/3069328
https://doi.org/10.1080/07294360601166836
https://doi.org/10.1177/014920639502100509
https://doi.org/10.1177/109442819800100106
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1016/j.techsoc.2020.101499
https://doi.org/10.1016/j.techsoc.2020.101499
https://doi.org/10.1002/jocb.443
https://doi.org/10.4236/ce.2012.38b005
https://doi.org/10.1007/s10869-018-9606-1
https://doi.org/10.1016/S0140-6736(01)05627-6
https://doi.org/10.1080/01626620.2014.948225
https://doi.org/10.1002/(SICI)1097-0266(199801)19:1<39::AID-SMJ932>3.0.CO;2-A
https://doi.org/10.1002/(SICI)1097-0266(199801)19:1<39::AID-SMJ932>3.0.CO;2-A
https://doi.org/10.1207/s15327930pje7201_10
https://doi.org/10.1016/j.respol.2018.01.017
https://doi.org/10.5465/amj.2010.0270
https://doi.org/10.1037/0021-9010.92.6.1709
https://doi.org/10.1111/joms.12670
https://doi.org/10.1016/S0149-2063_03_00033-3
https://doi.org/10.1016/S0149-2063_03_00033-3
https://doi.org/10.1016/j.obhdp.2012.06.003
http://creativecommons.org/licenses/by/4.0/

	The Development and Validation of a Cognitive Diversity Scale for Chinese Academic Research Teams
	Introduction
	Study 1: Scale Development
	Step 1: Generation of Potential Items
	Step 2: Item Screening

	Study 2: Validation of the Scale
	Samples
	Item Analysis
	Exploratory Factor Analysis
	Confirmatory Factor Analysis
	Criterion Validity
	Creativity and Performance
	Results of Criterion Validity

	Discussion
	Limitations and Directions for Future Studies
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions

	References

