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Interdisciplinarity has the potential to lead to more innovation and advances in knowledge than are possible from a single
discipline. Yet, little is known about interdisciplinary collaborations and the perceptions of those involved. This quantitative
study investigated the perceptions of U.S. faculty, staff, postdocs, and graduate students involved in education and science/
engineering collaborations. Exploratory factor analysis was conducted for two modified scales, Collaboration Perceptions
(CP; n = 117; 17 items; o. = .923) and Interdisciplinarity Perceptions (IP; n = 119; 11 items; o. = .852). Participants’
perceptions of collaboration and interdisciplinarity were strongly positive and did not significantly differ based on demo-
graphic factors (e.g., gender, discipline, role). Perceptions were influenced by collectivist orientation, the high collectivism
group had significantly more positive perceptions of collaboration and interdisciplinarity, and collectivist orientation was
positively and significantly correlated with CP and IP scores. Implications and recommendations for interdisciplinary col-

laborations will be discussed.
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Introduction

Some of the most complex challenges in society lie at the
intersection of multiple disciplines (Why Interdisciplinary
Research Matters, 2015). Addressing these issues requires
experts across academic disciplines to work together.
Interdisciplinary collaborations form when multiple and
sometimes disparate disciplines are brought together by
shared goals or tasks (Amey & Brown, 2004), ideally to
spark ideas and generate novel approaches, such as a science
or engineering faculty member who collaborates with an
education faculty member on a grant-funded project.

Interdisciplinarity between the natural and social sci-
ences has reportedly increased since the 1980s (Van
Noorden, 2015) and is encouraged by various stakeholders
(e.g., Lyall et al., 2013; National Academy of Sciences,
National Academy of Engineering, and Institute of Medicine,
2005; NSF, 2017). As an exemplary case, the National
Science Foundation (NSF) in the United States had an annual
budget of $8.5 billion in 2021, which funded nearly one-
quarter of all U.S. federally funded research conducted at
institutions of higher education (NSF, n.d.). Numerous NSF
grant programs encourage “transformative” interdisciplin-
ary research (NSF, 2017, p. 29). A 2015 survey revealed that
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NSF reviewers perceived proposals for interdisciplinary
work to have greater potential for broader impacts than pro-
posals submitted from a single discipline (NSF, 2016).

Universities have made moves to increase collaboration
and interdisciplinarity (Holley, 2009). Some universities
have established cluster hire programs to bring together fac-
ulty from different disciplines, clustered around a common
research thematic area, to promote interdisciplinary collabo-
rations that better align faculty members’ research with “fed-
eral funding priorities” (Bloom et al., 2020, p. 755).
However, a recent survey of 199 cluster faculty members
across twenty different universities reported that “cluster
hire groups are often loosely organized, and members do not
typically spend much time collaborating with others in their
group” (p. 755). The “paradox of interdisciplinarity” asserts
that the persistence of disciplinary, siloed practices and sys-
tems historically have guided research and publications and
act as a major barrier to realizing the full potential of inter-
disciplinarity (Bromham et al., 2016; Weingart, 2018). As
Weingart wrote, “Interdisciplinarity . . . is proclaimed,
demanded, hailed, and written into funding programs, but at
the same time specialization in science goes on unham-
pered” (p. 26).
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Interdisciplinary Collaborations Between STEM and
Education

There have been specific calls for university STEM and
education departments to collaborate to secure funding and
improve STEM and educational programs (Bouwma-
Gearhart & Adumat, 2011; Eckman et al., 2016). It has been
argued that “the current reality for many postsecondary
STEM faculty is that if they wish to compete for federal
funding in the current economic climate, they need to dem-
onstrate involvement in K-20 STEM education improve-
ment endeavors” (Bouwma-Gearhart & Adumat, 2011, p.
208). Eckman et al. (2016) found that a collaboration
between STEM and education departments enhanced the
ability of STEM teacher preparation programs to promote
teachers’ content knowledge and pedagogical skills.

Research on STEM and education interdisciplinary col-
laborations is scant overall (McCance, 2021). Large-scale
bibliometric analyses and meta-analyses have documented
trends in interdisciplinary scholarship (e.g., grant propos-
als, authorship, and citations on journal articles) between
science/engineering and education/social science disci-
plines (e.g., Mutz et al., 2015; Porter & Rafols, 2009; Van
Noorden, 2015). By examining article citations between
science and other disciplines (e.g., biomedical sciences,
computer sciences, engineering sciences, and social/psy-
chological sciences), Porter and Rafols (2009) found that
articles tended to reference work from closely related fields
and found only modest increases in interdisciplinarity
between 1975 and 2005. In an analysis of 35 million journal
articles, Van Noorden (2015) documented upward trends in
the interdisciplinarity of natural and social sciences from
1980 to 2010, while references to work in the same disci-
pline slightly declined.

A qualitative study involving STEM and STEM educa-
tion faculty, chairs, deans, and other leaders of STEM
reform projects at five large U.S. public research universi-
ties investigated factors that promote successful higher
education collaborations between STEM and education
(Bouwma-Gearhart et al., 2014). Key characteristics
included recognizing the value of collaborators’ disciplines
and expertise, understanding that everyone is on a unique
journey in engaging in interdisciplinary work, and incorpo-
rating a “broker” to bridge gaps between disciplines.
Tinnell et al. (2019) used a grounded theory approach to
investigate four ongoing faculty learning communities
(FLCs) between science teacher education and engineering
faculty and graduate students. Successful interdisciplinary
collaborations involved each group’s interdependence,
expectations being met, supportive leadership team, and
enjoyment of the collaborative experience. A recent study
of an interdisciplinary team of science education and sci-
ence/engineering faculty and graduate students reported
the importance of having shared goals and delegating work

based on disciplinary expertise and knowledge (McCance
et al., 2023).

Study Purpose

This quantitative study aimed to validate two instruments
that measure perceptions of collaboration and interdisciplin-
arity and analyze participants’ responses in order to under-
stand the perceptions of scientists, engineers, and educators
who are engaged in interdisciplinary collaborations at uni-
versities across the United States.

Frameworks
Continuum of Disciplinarity and Interdisciplinarity

Davies and Devlin (2010) examined interdisciplinarity in
higher education and developed a continuum to describe and
distinguish varying degrees of disciplinarity and interdisci-
plinarity (Figure 1).

At the least integrated level, disciplinarity describes dis-
ciplines that are discrete, autonomous, and do not cross
boundaries to engage with members from other disciplines.
Multiple disciplines may work on a shared project but lack
coordination, relying on their own knowledge and skills to
accomplish their work (multidisciplinary) or perform a task
related to a different discipline without coordinating with a
person from that discipline (cross-disciplinary) (Davies &
Devlin, 2010).

Interdisciplinarity requires the integration of multiple
disciplines’ knowledge and skills and has different levels
of integration (Davies & Devlin, 2010). For example, a sci-
entist and science educator might meet to discuss a poten-
tial grant proposal and solicit different perspectives but not
learn anything new about the other discipline or integrate
other perspectives (relational interdisciplinarity). Greater
coordination and integration of disciplines can result in a
change of perspectives; a scientist may realize that they
must modify their development of student-centered activi-
ties once they better understand how students learn and
which state standards are connected (modification interdis-
ciplinarity). Transdisciplinarity is a theoretical upper limit
of interdisciplinarity and differs from other types of inter-
disciplinarity because it results when disciplinary boundar-
ies dissolve to create, for instance, a new area of study
(Davies & Devlin, 2010). Transdisciplinarity moves
beyond merely integrating knowledge and skills from dis-
ciplines; it leverages disciplinary differences to develop
new products or frameworks at the intersection of disci-
plines, greater than the sum of their parts. An example of
transdisciplinarity might be that a group of paper scientists
and science educators create a new field that specifically
focuses on paper science educational research. An interdis-
ciplinary approach to curriculum development may involve
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science and science education collaborators who frequently
meet to discuss ideas and work on shared products but
sometimes work independently to create separate course
modules. Using a transdisciplinary approach, the collabo-
rators may discuss and work together on every aspect of the
course, with no independent work, to create a new, fully
integrated product.

Collectivist and Individualist Orientations

Research on science/engineering and education collabo-
rations has lacked explicit links to theory (McCance, 2021).
The collectivist-individualist orientations framework may
provide insight into the workings of interdisciplinary teams,
as these orientations are known to impact team performance
(Wagner III et al., 2012) and motivation in the workplace
(Wagner & Moch, 1986). Collectivism and individualism
can be group-level variables (e.g., an individualist-oriented
country or team) as well as individual-level variables
(Gundlach et al., 2006). In the current study, the constructs
are treated as individual-level variables. Individualism is
guided by satisfying personal interests and goals and seeing
oneself as independent and autonomous from a group
(Singelis et al., 1995). Individualists may exert more effort
on tasks that are solitary in nature (Wagner et al., 2012).
Collectivists value being part of a team and prioritize group
interests, “even if these pursuits sometimes conflict with
members’ immediate personal desires” (Wagner & Moch,
1986, p. 282). Individualistic team members are less likely
to cooperate when working in groups, may be resistant to

Continuum of disciplinarity and interdisciplinarity (adapted from Davies & Devlin, 2010).

teamwork, and can negatively impact team performance
(Gundlach et al., 2006). In contrast, collectivism is consid-
ered integral to team performance.

Research Questions

This study addresses the following research questions:

1. To what extent are the Collaboration Perceptions
(CP) and Interdisciplinarity Perceptions (IP) scales
valid and reliable instruments?

2. What are participants’ perceptions of collaboration
and interdisciplinarity, and what factors influence
their perceptions?

3. What role, if any, does a collectivist orientation play
in individuals’ perceptions of collaboration and
interdisciplinarity?

Methods
Research Design

This quantitative study used a cross-sectional survey
design (Lavrakas, 2008) and administered a survey at one
point in time. Two scales were developed and validated
(Hinkin, 1998; see Appendix A for the full survey). Then,
responses were analyzed to understand how a national sam-
ple of scientists, engineers, and science educators (including
faculty, graduate students, postdocs, and staff) perceived
their interdisciplinary projects. This study was approved by
the university’s Institutional Review Board.



Instrument Development

A three-step process was followed to validate the CP and
the IP scales separately: (1) item generation, (2) instrument
administration, and (3) item reduction (Hinkin, 1998).

Step 1: Item Generation. CP and IP items were modified
from existing, validated instruments (Masse et al., 2008) that
used factor analysis to validate scales that measured percep-
tions of collaboration and transdisciplinary integration with
a sample of 216 researchers, students, and other professional
staff at seven health research centers in the United States.
The size of each center ranged from 17 to 49 individuals.
The original instrument included an 18-item Collaboration
scale with three subscales: (1) satisfaction with collabora-
tion, (2) impact of collaboration, and (3) trust and respect. In
the same study, a one-factor, 15-item Transdisciplinary Inte-
gration scale was also validated. The scales were determined
to be effective at measuring participants’ perceptions of col-
laboration and transdisciplinary integration and found statis-
tically significant differences between subgroups.

Once the decision was made to use the interdisciplinarity
framework (Davies & Devlin, 2010), a scale was needed to
measure these constructs. The items were modified to better
fit the academic and interdisciplinary focus of the current
study. Examples of the original and modified items are listed
in Table 1. For example, “transdisciplinary” was replaced
with “interdisciplinary” to match this study’s focus (e.g.,
“My transdisciplinary collaborations are sustainable over
the long haul” was modified to “My interdisciplinary col-
laborations are sustainable over the long haul”). Items also
were modified to reflect a research or project team rather
than a research center (e.g., “Involvement of collaborators
from outside the center” was modified to “Involvement of
collaborators from outside the project/research team”). Due
to these essential changes to the nature and focus of the
items, targeting a different population than the one recruited
in the original validation (Masse et al., 2008), and the poten-
tial for these modifications to alter the instruments’ factor
structures, exploratory factor analysis (EFA) was an appro-
priate method to validate the modified items rather than con-
firmatory factor analysis (Organ, 2018). To conduct EFA,
principal axis factoring (PAF) was performed (UCLA
Institute for Digital Research and Education, n.d.) with pro-
max rotation (Yong & Pearce, 2013). The EFA procedures
are explained in further detail in the following sections.

To assess the modified items’ content validity (Hinkin,
1998), they were piloted with five individuals (three faculty,
one postdoc, one graduate student) who were science educa-
tion and science/engineering members of an interdisciplin-
ary team. They provided feedback on items that were unclear
and suggested additional modifications. It was recom-
mended to instruct participants to respond to the survey with
one interdisciplinary project in mind to aid with response
consistency. This is because these individuals expressed that
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their responses would vary substantially depending on which
project they focused on and that it was challenging to answer
the survey while taking into consideration multiple interdis-
ciplinary projects due to different experiences from project
to project. Much like avoiding double-barreled items (Hill
et al., 2022), the survey was designed to prevent participants
from being unsure about how to respond if they were
involved with multiple projects. All items used a five-point
Likert scale (1 = strongly disagree, 2 = disagree, 3 = nei-
ther disagree nor agree, 4 = agree, and 5 = strongly agree).
Values for reverse-coded items were inverted (5 = strongly
disagree, | = strongly agree).

To understand the role of collectivist orientation, eight
items from an existing validated instrument (Singelis et al.,
1995; Triandis & Gelfland, 1998) were administered in the
Qualtrics survey with the CP and IP items (Table 2). The
items used a five-point Likert scale (1 = strongly disagree, 5
= strongly agree). Values for reverse-coded items were
inverted (5 = strongly disagree, 1 = strongly agree), such
that higher scores indicated a more collectivist orientation.
Construct validity for the collectivism items was established
and is further described in the section “Data Analysis.”

Step 2: Instrument Administration. An email invitation con-
taining study details, eligibility criteria, and the Qualtrics
link was sent to potential participants through several meth-
ods. Individuals were eligible to participate if they were cur-
rently involved with (or had ended within the last year) an
interdisciplinary project that included members from educa-
tion and science/engineering disciplines, including computer
science. Because individuals may have different interpreta-
tions of the word “interdisciplinary,” the survey and consent
form included clarifying statements. For instance, this
prompt was provided at the beginning of the survey: “You
are invited to take this survey because of the interdisciplin-
ary collaboration project with education and science/engi-
neering disciplines in which you are involved (or were
involved in the last year).” Additionally, the consent form
stated that individuals were eligible for the study if they
were “a member of an interdisciplinary collaboration project
in the US that includes people from education and people
from science/engineering disciplines.” Faculty, postdocs,
graduate students, undergraduate students, and other project
members (e.g., researchers and program coordinators) were
eligible. Most individuals (n = 320) were identified through
internet searches for interdisciplinary programs (e.g., Scien-
tists Engaged in Education Research and UTeach programs)
and national funding agencies’ databases (e.g., NSF and
USDA) for projects that listed principal investigators (PIs)
and Co-PIs from education and science/engineering disci-
plines. Separate emails were also sent to individuals who
were personal and professional contacts of the researcher
and research team and who were believed to be engaged in
interdisciplinary work (n = 152). Using snowball sampling
(Noy, 2008), invited participants were asked if they had



TABLE 1
Sample Survey Items That Were Modified From Masse et al. (2008)

Collaboration Scale

Collaboration Perceptions Scale

Item Original

Modified

Please rate your views about collaboration with respect
to your center-related research by indicating if you
(1) strongly disagree, (2) somewhat agree, (3) not
sure, (4) somewhat agree, or (5) strongly agree with
the statement.

9 Productivity of collaboration meetings

10 Productivity in developing new products (e.g., papers,
proposals, courses)

14 Collaboration has posed a significant time burden in

your research.

16 In general, you feel that you can trust the colleagues
with whom you collaborate.

18 In general, you respect your collaborators.

Please rate your views about collaboration with respect
to your project/research team by indicating if you (1)
strongly disagree, (2) disagree, (3) neither disagree nor
agree, (4) agree, or (5) strongly agree with the statement.

Collaboration meetings are productive.

Developing new products (e.g., papers, proposals,
courses) is productive.

Collaboration has posed a significant time burden in my
research. (R)

In general, I feel that I can trust the colleagues with whom I
collaborate.

In general, I respect my collaborators.

Interdisciplinary Integration Scale

Interdisciplinarity Perceptions Scale

Item Original

Modified

Please rate the following attitudes about
transdisciplinary research by indicating if you (1)
strongly disagree, (2) somewhat agree, (3) not sure,
(4) somewhat agree, or (5) strongly agree with the

statement.

2 Transdisciplinary research stimulates me to change my
thinking.

7 Transdisciplinary research has improved how I conduct
research.

9 Participating in a transdisciplinary team improves the

interventions that are developed.

11 My transdisciplinary collaborations are sustainable
over the long haul.

15 TTURC members as a group are open-minded about
considering research perspectives from fields other
than their own.

Please rate the following attitudes about interdisciplinary
work by indicating if you (1) strongly disagree, (2)
disagree, (3) neither disagree nor agree, (4) agree, or
(5) strongly agree with the statement.

Interdisciplinary work stimulates me to change my
thinking.

Interdisciplinary work has improved how I conduct
research.

Participating in an interdisciplinary team improves the
methods that are developed.

My interdisciplinary collaborations are sustainable over
the long haul.

Project team members as a group are open-minded about
considering perspectives from fields other than their own.

“R” indicates a reverse-coded item. Modifications are indicated by bold text.

recommendations for additional potential participants,
which yielded 64 more individuals who were invited. Finally,
the survey was distributed through email listservs of science
education and science organizations, including the National
Association for Research in Science Teaching (NARST), a
regional chapter of the Association for Science Teacher Edu-
cation (ASTE), Bridging Interdisciplinary Gaps in Educa-
tion Sciences (BRIDGES), and a “Public Science” email
listserv. A reminder email was sent two to four weeks after
the initial invitation. Survey responses were anonymous and
did not collect names; therefore, it was not possible to know
who responded. However, 80 individuals personally replied
to the researcher, stating they would consider taking the sur-
vey or had already completed it; 49 individuals indicated

they would not complete the survey (e.g., not eligible, not
interested).

The dataset was cleaned to remove respondents who did
not meet the study’s inclusion criteria. First, individuals were
excluded if they were not located in the United States (n = 2)
and if they completed the demographic questions but did not
begin the quantitative items (n = 33). The quantitative items
were part of a larger survey that included open-ended questions,
which asked about the nature of participants’ interdisciplinary
collaborations. Responses to these open-ended questions also
were used to screen participants. For instance, four individuals
were excluded because their interdisciplinary team did not
include members both from education and from science/engi-
neering disciplines; the open-ended question “What fields/



TABLE 2

Final 4 Survey Items to Measure Collectivist-Individualist Orientations, From Singelis et al. (1995) and Triandis and Gelfland (1998)

Please rate the following by indicating if you (1) strongly disagree, (2) disagree, (3) neither disagree nor agree, (4) agree, or (5) strongly

agree with the statement.
1. Id rather depend on myself than others. (R)
2.1 often do “my own thing.” (R)

5. The well-being of my team members is important to me. (Original: The well-being of my co-workers is important to me)

6. 1 feel good when I cooperate with others.

R indicates a reverse-coded item.

disciplines are involved in your interdisciplinary project/
team?” was used to screen for this criterion. Five individuals
were excluded because they responded about multiple collabo-
rations rather than focusing on a single collaboration; the open-
ended question “Please briefly describe the purpose or goal of
your project” was used to screen for this criterion. Next, indi-
viduals were excluded from analyses if they did not complete
all CPitems (n = 4) or all IP items (n = 2). Those who had less
than 100% completion on either scale skipped one to five
items. After considering all eligibility criteria, 48 and 46 indi-
viduals were eliminated from CP and IP analyses, respectively.
A total of 117 respondents were retained for EFA for the CP
scale and 119 respondents for the IP scale. The two samples
were almost identical, as all 117 participants who were retained
for the CP were also retained for the IP. The estimated response
rate of those who were contacted directly (n = 536) was 22%,
based on the number of respondents (n = 117 CP; n = 119 IP)
who were retained in the final analysis.

Participant Demographics. A total of 117 participants com-
pleted all items on the entire survey. Participants represented
61 universities and two educational research organizations
in 31 U.S. states. Participants were mostly female (66.7%)
and White/non-Hispanic (77.8%) (Table 3). Most were fac-
ulty (70.1%), followed by graduate students (13.7%), staff
(8.5%), and postdocs (6.8%). Participants belonged to edu-
cation (54.7%; e.g., science or STEM education, education
research), science (27.4%; e.g., biology, chemistry), and
engineering (8.5%; e.g., materials science and engineering,
sustainability engineering). Some participants identified
with both disciplines (6.8%; e.g., biology and education).
Most were involved with grant-funded projects (89.7%).
Participants’ reported team size ranged from 3 to 30 mem-
bers (M = 8 members). Participants’ collaborations were at
various stages, mostly in their second year (25.6%); several
were ongoing or beyond their fifth year (12.0%), and some
had ended recently (9.4%). Most respondents had been
involved with their collaboration for two or more years
(82.1%) and worked less than 10 hours/week on their col-
laboration project (60.7%). Most participants conducted
interdisciplinary research with their team (82.9%) and had
previous experience with an interdisciplinary team (85.5%).

For the CP scale, 48 participants each belonged to differ-
ent institutions (41% of all respondents), and the remaining
69 participants (59%) represented 15 different institutions
(M = 4.6 individuals per institution). The demographics for
the IP scale were almost identical, with 48 participants who
each belonged to different institutions and 71 participants
who represented 16 different institutions. Even with this
low number of participants from the same institutions, it is
possible that individuals from the same team completed the
survey (although the method of data collection, to ensure
confidentiality, can’t confirm whether individuals worked
on the same team). Approximately 85% of participants indi-
cated they had previous experience with an interdisciplin-
ary project. Therefore, it is possible that participants from
the same team completed the survey, but individuals who
may have been involved with more than one project decided
to respond to different projects than a collaborator. In this
case, data dependency would not be an issue. Additionally,
even if participants were on the same team, they may not
interact (depending on the size and nature of the team), and
their experiences may be very different from and not depen-
dent on one another.

Step 3: Item Reduction. EFA was conducted (SPSS 26;
IBM, 2019) to independently determine each scale’s factor
structure. Principal axis factoring (PAF) was performed
(UCLA Institute for Digital Research and Education, n.d.)
with promax rotation (Yong & Pearce, 2013). PAF is com-
mon and more conceptually aligned with social and behav-
ioral science research than other techniques, like principal
components analysis (Warner, 2012). Promax rotation
allows factors to be correlated (Yong & Pearce, 2013). EFA
analyses are further presented in the results section.

Data Analysis

Average scores were calculated for the CP and IP scales
(DiStefano et al., 2009). They were not normally distributed,
based on Kolmogorov—Smirnov test results (p = 0.009 and
p < 0.001, respectively). A p-value less than 0.05 indicates a
nonnormal distribution (Mishra et al., 2019). Therefore,
nonparametric analyses were conducted.



TABLE 3
Demographics of Participants Who Completed the Survey (n = 117)

Overall High Collectivism Moderate Collectivism
(n=117) (n = 68) (n = 49)

Frequency Percent Frequency Percent Frequency  Percent

Gender Female 78 66.7% 46 67.6% 32 65.3%
Male 39 33.3% 22 32.4% 17 34.7%
Race/ethnicity White/non-Hispanic 91 77.8% 51 75.0% 40 81.6%
Asian/Asian American 9 7.7% 4 5.9% 5 10.2%
Black/African American 6 5.1% 4 5.9% 2 4.1%
Latino/a/x or Hispanic 5 4.3% 3 4.4% 2 4.1%
Biracial, mixed, or multiracial 3 2.6% 3 4.4% 0 0.0%
Pacific Islander 1 0.9% 1 1.5% 0 0.0%
Native American 1 0.9% 1 1.5% 0 0.0%
No response 1 0.9% 1 1.5% 0 0.0%
Traditionally underrepresented 16 13.7% 12 17.6% 4 8.2%
Non-underrepresented 100 85.5% 55 80.9% 45 91.8%
Position Faculty 82 70.1% 48 70.6% 33 67.3%
Staff 10 8.5% 5 7.4% 4 8.2%
Postdoc 8 6.8% 4 5.9% 4 8.2%
Graduate student 16 13.7% 10 14.7% 4 8.2%
Other 6 5.1% 1 1.5% 4 8.2%
Discipline Education 64 54.7% 40 58.8% 24 49.0%
Science 32 27.4% 16 23.5% 16 32.7%
Engineering 10 8.5% 7 10.3% 3 6.1%
Both education and science/ 8 6.8% 3 4.4% 5 10.2%
engineering
Other 3 2.6% 2 2.9% 1 2.0%
Grant-funded status of project Yes 105 89.7% 62 91.2% 43 87.8%
No 6 5.1% 3 4.4% 3 6.1%
Other 6 5.1% 3 4.4% 3 6.1%
Stage of project Ist year 15 12.8% 9 13.2% 6 12.2%
2nd year 30 25.6% 18 26.5% 12 24.5%
3rd year 21 17.9% 11 16.2% 10 20.4%
4th year 26 22.2% 17 25.0% 9 18.4%
Recently ended 11 9.4% 8 11.8% 3 6.1%
Ongoing or 5+ years 14 12.0% 5 7.4% 9 18.4%
Years involved with project ~ Less than 1 year 10 8.5% 6 8.8% 4 8.2%
1 year 11 9.4% 8 11.8% 3 6.1%
2 years 29 24.8% 16 23.5% 13 26.5%
3 years 23 19.7% 12 17.6% 11 22.4%
4 or more years 44 37.6% 26 38.2% 18 36.7%
Hours per week spent on 0-10 hours 71 60.7% 45 66.2% 26 53.1%
project-related work 11-20 hours 24 20.5% 10 14.7% 14 28.6%
21-30 hours 6 5.1% 4 5.9% 2 4.1%
31-40 hours 12 10.3% 7 10.3% 5 10.2%
More than 40 hours 4 3.4% 2 2.9% 32 4.1%
Conduct interdisc. research Yes 97 82.9% 57 83.8% 40 81.6%
with team No 20 17.1% 11 16.2% 9 18.4%
Previous experience working ~ Yes 100 85.5% 58 85.3% 42 85.7%

with an interdisc. team No 17 14.5% 10 14.7% 7 14.3%




Demographic Factors. To analyze participants’ perceptions
and the influence of demographic factors, a Wilcoxon signed
rank test was conducted to compare average CP and IP
scores for the whole sample. The Mann-Whitney U test,
similar to the parametric independent samples #-test (UCLA
Institute for Digital Research and Education, 2020), was
used to compare two demographic groups (e.g., males and
females). The Kruskal-Wallis A test, similar to a one-way
analysis of variance (ANOVA), with pairwise comparisons
and Bonferroni correction for multiple comparisons (UCLA
Institute for Digital Research and Education, 2020), was
used to compare scores for three or more groups (e.g., fac-
ulty, staff, postdocs, graduate students). A p-value less than
0.05 indicated statistical significance.

Collectivist Orientation. Because the collectivist orienta-
tion items were not modified and have been used with adults
and in team contexts (e.g., Arpaci, 2016), Cronbach’s alpha
was calculated to determine the internal consistency of the
items for this sample. Three collectivism items (4, 7, and 8)
were excluded due to poor fit (oo = 0.473). The remaining
items (1, 2, 3, 5, and 6) had a Cronbach’s alpha of 0.642,
comparable to previous research that yielded alphas of 0.67
to 0.74 for these collectivism-individualism items (Singelis
et al., 1995). To further assess the construct validity of the
collectivism items, SPSS Amos was used for confirmatory
factor analysis (CFA) on the remaining five items. CFA is an
acceptable method for assessing construct validity when
there is a strong existing theoretical model (DiStefano &
Hess, 2005), as was the case with the collectivism items.
CFA with five items produced an acceptable model that met
goodness of fit indices (x* = 0.884, CFI = 1.00, RMSEA =
0.00, SRMR = 0.0141; Hu & Bentler, 1999). However, one
item (item 3) did not fit with the model due to low factor
loading and >. CFA conducted on four items (items 1, 2, 5,
and 6) resulted in an improved model that met all criteria (y”
= 0.298, CFI = 0.99, RMSEA = 0.027, SRMR = 0.0151),
and all items had sufficient loadings and r*. These four items
had a Cronbach’s alpha of 0.631, which was determined to
be sufficient and comparable to previously reported values
(Singelis et al., 1995).

Because participants’ perceptions may differ by collectiv-
ist orientation (e.g., Eby & Dobbins, 1997; Ning et al., 2015),
an average collectivism score was calculated for each partici-
pant using the four collectivist orientation items. The sample
was then split into two groups, guided by Eby and Dobbins
(1997): a high collectivism group (n = 68; M = 4.00) and a
moderate group (n = 49; M < 4.00). Average collectivism
scores were not normally distributed (Kolmogorov-Smirnov
test, p < 0.001). Therefore, the Mann-Whitney U test was
used to compare high and moderate groups’ CP and IP scores.
Pearson correlation was calculated to explore the relationship
between collectivist orientation and CP and IP scores.

Results
Instrument Validity and Reliability

The Kaiser-Meyer-Olkin (KMO) Measure of Sampling
Adequacy and Bartlett’s Test of Sphericity were performed
to determine whether the data were suitable for EFA (IBM,
n.d.). The KMO statistic should be greater than 0.5, and
Bartlett’s test statistic should be significant (p < 0.05). Both
tests indicated the CP data (KMO = .885; p < .001) and IP
data (KMO = .796; p < .001) were acceptable for EFA.

Validation of the Collaboration Perceptions Scale. Arotated
PAF was performed on the 18 modified CP items to deter-
mine the number of factors to extract. Based on the eigen-
value-greater-than-one rule (Kaiser’s criterion; Kaiser,
1960), at least one factor was present, explaining 43.5% of
variance (see McCance, 2021, for all EFA details). Eigenval-
ues for factors two and three were close to one and explained
5.9% and 5.3% of total variance, respectively. Items’ initial
communalities, which represent the item variance accounted
for by the common factors (Yong & Pearce, 2013), were
within an acceptable range, from .303 to .759 (values less
than .200 should be considered for removal).

A scree plot was also inspected because Kaiser’s criterion
has been reported to overestimate factors (Yong & Pearce,
2013). The scree test was inconclusive due to two potential
bends: at Factor 2 (suggesting one factor) and at Factor 4
(suggesting three factors). Given the relatively small sample
size (n < 200; Yong & Pearce, 2013), two additional meth-
ods, Velicer’s Minimum Average Partial (MAP) test and
Parallel Analysis (PA), were conducted using SPSS syntax
(O’Connor, 2000) to help clarify the factor structure. MAP
and PA approaches are less common but considered more
reliable than Kaiser’s criterion and scree plots (Hayton et al.,
2004). Both methods pointed toward three-factor solutions.
Because the four methods (Kaiser, scree plot, MAP, and PA)
yielded different results, and due to the exploratory nature of
this study, one-, two-, and three-factor solutions were com-
pared to determine the best factor structure.

Selection of the one-factor solution. One factor was
determined to be the best structure for the CP scale. All 18
items loaded onto one factor; all but two items were strong
loaders (greater than .5). Cronbach’s alpha (a0 = .923) was
greater than the alphas for the two- and three-factor mod-
els. In the two-factor model, the factors were strongly cor-
related (.727), and multiple items cross-loaded, suggesting
that the two factors were too similar and not distinct. The
three-factor model was problematic due to multiple cross-
loaded items and two items that did not load onto any fac-
tors. Additionally, Factor 3 contained the only two items that
were focused on conducting research (items 12 and 13) and
may have been sorted together due to their wording.



TABLE 4
Final 17 Collaboration Perceptions Items, One-Factor Solution

Communal- Factor Cronbach's a. if
Cronbach’s Alpha (o) Item ities Loadings Item Deleted
Factor 1 Collab2 Communication among collaborators 731 .855 914
o =.923 Collab11 Collaborating is productive, overall .668 818 915
Collab3 Ability to capitalize on the strengths of different .607 779 916
members
Collab5 Resolution of conflicts among collaborators .588 7167 916
Collab6 Ability to accommodate different working styles .568 753 916
of collaborators
Collab4 Organization or structure of the collaborative team .555 745 916
Collab10 Developing new projects (e.g., papers, proposals, 468 .684 918
courses) is productive
Collab16 In general, I feel that I can trust the colleagues 449 .670 919
with whom I collaborate
Collabl18 In general, I respect my collaborators 416 .645 921
Collab9 Collaboration meetings are productive 383 .619 920
Collab1 Acceptance of new ideas 371 .609 920
Collab17 In general, I find that my collaborators are open .369 .607 921
to criticism
Collab8 Involvement of collaborators from diverse 334 578 921
disciplines
Collab13 In general, collaboration has improved the 314 .561 921
quality of my research
Collab7 Involvement of collaborators from outside the 288 .536 922
project/research team
Collab12 In general, collaboration has improved my 254 .504 922
research productivity
Collab14 Collaboration has posed a significant time 202 449 926

burden in my research (R)

R indicates a reverse-coded item.

One-factor extraction and final item retention. Item 15
(“I am comfortable showing limits or gaps in my knowledge
to those with whom I collaborate™) was removed because its
communality was less than the recommended .200 (Yong &
Pearce, 2013). A one-factor extraction was conducted on the
remaining 17 items. The factor explained 44.5% of variance.
Factor loadings ranged from .449 to .855. The extracted com-
munalities were greater than .200, ranging from .202 to .731.
Cronbach’s alpha for the 17 items was .923, inter-item cor-
relations were all less than .800, and removing items would
not substantially improve alpha. This factor was named Col-
laboration Perceptions (CP). Although the individual items
cover a range of collaboration aspects, including satisfaction
(e.g., satisfaction with communication among collaborators)
and their perception of collaboration impacts (e.g., collabo-
ration meetings are productive), CP is representative of all
retained items (Table 4).

Validation of the Interdisciplinarity Perceptions Scale. PAF
with promax rotation was performed on the 15 modified IP

items. Using Kaiser’s criterion (Kaiser, 1960), one factor was
present that explained 30.2% of variance, and a possible sec-
ond factor explained 6.5% of variance (see McCance, 2021,
for all EFA details). The items’ initial communalities also
were acceptable, ranging from .297 to .677. A bend at Factor
2 in the scree plot indicated one factor. Results from the MAP
test also indicated a one-factor solution. One- and two-factor
solutions were compared to determine the best structure.

Selection of the one-factor solution. One factor was
determined to be the best structure for the IP scale because
ten items had strong loadings (greater than .500; Costello &
Osborne, 2005). The two-factor solution was problematic
because Cronbach’s alpha for Factor 2 was .585, well below
the recommended .7 minimum, and the alpha did not improve
if any items were removed. Additionally, the items in Factor
2 were the only reverse-coded items in this scale, which has
been found to impact factor structure (Zhang et al., 2016); the
reverse-coded items formed a separate factor, even though
the original scale intended to measure a single construct.



TABLE 5

Final 11 Interdisciplinarity Perceptions Items, One-Factor Solution

Cronbach’s Factor ~ Cronbach’s a if
Alpha (o) Item Communalities Loadings  Item Deleted
Factor 1 o = Interdisc11 My interdisciplinary collaborations are sustainable over the 467 .683 .833
.852 long haul.
Interdisc12 Generally speaking, I believe that the benefits of 459 .678 .834
interdisciplinary work outweigh the inconveniences and costs of such
work.
Interdisc9 Participating in an interdisciplinary team improves the methods 413 .642 .835
that are developed.
Interdisc10 Because of my involvement in interdisciplinary work, I have 404 .636 .836
an increased understanding of what my own discipline brings to others.
Interdisc8 I am optimistic that interdisciplinary work among my team .399 .632 .837
members will lead to valuable outcomes that would not have occurred
without that kind of collaboration.
Interdisc7 Interdisciplinary work has improved how I conduct research. .395 .629 .836
Interdisc13 I am comfortable working in an interdisciplinary environment. 362 .602 .840
Interdisc14 Overall, I am pleased with the effort I have made to engage in 277 .526 .845
interdisciplinary work.
Interdisc3 I have changed the way I pursue a research/project idea because 273 523 .844
of my involvement in interdisciplinary work.
Interdisc15 Project team members as a group are open-minded about 272 522 .845
considering perspectives from fields other than their own.
Interdisc2 Interdisciplinary work stimulates me to change my thinking. 225 474 .846

One-factor extraction and final item retention. Items 4
(“Interdisciplinary work interferes with my ability to main-
tain knowledge in my primary area”) and 6 (“In an interdis-
ciplinary group, it takes more time to produce new products
(e.g., papers, proposals, courses”) were removed because
their factor loadings were less than .4 and communalities
were less than .2 (Yong & Pearce, 2013). When a one-fac-
tor, 13-item structure was investigated, items 1 and 5 did
not meet the factor-loading and communality criteria. After
removing these two items, the final 11-item scale explained
35.9% of variance. Factor loadings (ranged from .474 to
.683) and item communalities (ranged from .225 to .467)
were acceptable. Cronbach’s alpha was .852; removing addi-
tional items would not improve alpha. This factor was titled
Interdisciplinarity Perceptions (IP) to represent the factor’s
range of items related to interdisciplinarity (Table 5).

Sample-Size Considerations. Recommendations for sample
size when conducting factor analysis vary greatly. Small sub-
sample sizes (e.g., a subsample of 48, with 16 variables, result-
ing inaratio of 3:1) have produced solutions that were consistent
with full-sample solutions, indicating that small sample sizes
might be sufficient under certain conditions (MacCallum et al.,
1999). Two important criteria are communality values (.2 to .8)
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and overdetermination of factors (i.c., a factor that has sev-
eral variables with high factor loadings). The current study
met MacCallum’s et al. (1999) criteria for sample size, vari-
able-to-factor ratio, acceptable communalities, and overde-
termination. Thus, the sample sizes were determined to be
sufficient. The one-factor, 17-item CP scale (~17:1 ratio)
had a sample size of 117. Factor loadings were greater than
.5 for 15 CP items, and communalities after extraction
ranged from .246 to .732. The one-factor, 11-item IP scale
(~11:1 ratio) used a sample size of 119. Factor loadings were
greater than .5 for 10 items, and communalities were accept-
able, ranging from .225 to .467.

Overall Perceptions of Collaboration and
Interdisciplinarity

Perceptions of collaboration (CP) and interdisciplinarity
(IP) were strongly positive; the average CP score for the
whole sample was 4.18 (SD = 0.60). The average IP score
was 4.42 (SD = 0.43). Nonparametric Mann-Whitney U and
Kruskal-Wallis H analyses were conducted on CP and IP
scores for demographic groups (e.g., gender, race/ethnicity,
discipline, role, length of involvement), and no significant
differences were found (Table 6).



TABLE 6

Collaboration Perceptions and Interdisciplinarity Perceptions Scores by Demographic Factors

Collaboration Interdisciplinarity
Perceptions Perceptions
Frequency (%) M SD p M SD p
Overall 117 (100%) 4.18 0.60 4.42 0.43
Gender Female 78 (66.7%) 4.15 0.65 0.752 4.42 0.44 0.792
Male 39 (33.3%) 4.23 0.50 441 0.42
Race/ethnicity Traditionally 16 (13.7%) 4.17 0.42 0.471 4.49 0.43 0.384
underrepresented
Non-underrepresented 100 (85.5%) 4.18 0.63 4.40 0.43
Position Faculty 82 (70.1%) 4.20 0.63 0.782 4.45 0.42 0.631
Staff 10 (8.5%) 4.05 0.48 4.34 0.43
Postdoc 8 (6.8%) 4.23 0.43 441 0.43
Graduate student 16 (13.7%) 4.09 0.64 425 0.49
Other 6 (5.1%) 4.26 0.62 4.53 0.43
Discipline Education 64 (54.7%) 4.17 0.58 0.765 4.42 0.40 0.711
Science 32 (27.4%) 4.16 0.62 435 0.50
Engineering 10 (8.5%) 4.30 0.42 4.49 0.51
Both education and 8 (6.8%) 4.02 0.96 4.51 0.37
science/engineering
Other 3 (2.6%) 4.59 0.41 4.67 0.10
Grant-funded status of project ~ Yes 105 (89.7%) 4.25 0.48 0.875 4.41 0.43 0.961
No 6 (5.1%) 4.17 0.62 4.47 0.41
Other 6 (5.1%) 4.34 0.42 4.45 0.43
Stage of project Ist year 15 (12.8%) 4.16 0.75 0.908 4.42 0.37 0.891
2nd year 30 (25.6%) 4.20 0.46 4.49 0.41
3rd year 21 (17.9%) 427 0.62 4.42 0.43
4th year 26 (22.2%) 4.11 0.63 437 0.53
Recently ended 11 (9.4%) 4.02 0.90 4.38 0.43
Ongoing or 5+ years 14 (12.0%) 4.26 0.37 4.36 0.37
Years involved with project Less than 1 year 10 (8.5%) 4.41 0.33 0.305 4.57 0.32 0.087
1 year 11 (9.4%) 4.10 0.49 4.23 0.42
2 years 29 (24.8%) 4.13 0.59 4.49 0.37
3 years 23 (19.7%) 4.02 0.69 4.25 0.46
4 or more years 44 (37.6%) 4.26 0.63 4.47 0.45
Hours per week spent on project- 0—10 hours 71 (60.7%) 4.23 0.60 0.670 4.43 0.44 0.819
related work 11-20 hours 24 (20.5%) 4.09 0.65 4.39 0.39
21-30 hours 6 (5.1%) 3.94 0.64 4.33 0.38
31-40 hours 12 (10.3%) 4.26 0.43 441 0.41
More than 40 hours 4 (3.4%) 3.97 0.83 4.50 0.71
Conduct interdisc. research with Yes 97 (82.9%) 4.08 0.52 0.172 443 0.42 0.527
team No 20 (17.1%) 4.20 0.62 4.35 0.46
Previous experience working  Yes 100 (85.5%) 4.17 0.61 0.892 443 0.43 0.376
with an interdisc. team No 17 (14.5%) 421 0.55 433 0.44

Role of Collectivist Orientation

The average collectivism score for the whole sample was
3.94 (SD = 0.54). After splitting the sample based on col-
lectivism scores, the high collectivism group’s average col-
lectivism scores ranged from 4.00 to 5.00 (M = 4.31, SD =
0.27), and the moderate group’s scores ranged from 2.50 to

3.75 (M =3.42,SD = 0.37). Pearson correlation results indi-
cated that collectivism was significantly and positively cor-
related with average CP scores (r = 0.220; p = 0.017) and
IP scores (r = 0.285; p = 0.002). Average CP and IP scores
were significantly and positively correlated with one another
(r = 0.684; p < 0.001). As noted in the previous section, CP
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FIGURE 2. Average Collaboration Perceptions and Interdisciplinarity Perceptions scores for the high and moderate collectivism

groups.
Note. Asterisk indicates a statistically significant difference (o0 = 0.05).

and IP scores did not differ by demographic groups.
However, CP and IP scores differed based on collectivist ori-
entation (Figure 2), which is further described in the follow-
ing sections.

Collaboration Perceptions of the High and Moderate Col-
lectivism Groups. The high collectivism group’s average CP
score (M = 4.27, SD = 0.61) was significantly greater than
the moderate group’s (M = 4.05, SD = 0.58; p = 0.020;
Figure 2). Item analyses were conducted to further elucidate
how the two groups' perceptions differed (Table 7). Of the
17 CP items, four items indicated significant differences
between the high and moderate collectivism groups (CP
items 4, 9, 17, 18).

For both the high and moderate groups, CP items 16 and
18 had the highest means and were related to trust (“In gen-
eral, I feel that I can trust the colleagues with whom I col-
laborate”) and respect (“In general, I respect my
collaborators™). The high group reported significantly more
positive perceptions of respecting their collaborators (CP
item 18; p = 0.025) and collaborators being open to criticism
(CP item 17; p = 0.010) than the moderate group. The two
groups had similar perceptions of productivity associated
with collaboration (CP items 10, 11, 12), except the high col-
lectivism group perceived that meetings were more produc-
tive (CP item 9; p = 0.032). The two groups also had similar
perceptions of various research-related impacts of collabora-
tion (CP items 12, 13, 14). Item 14 had the lowest mean for
both groups (“Collaboration has posed a significant time
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burden in my research”), which was somewhat in agreement
for the high group (M = 3.54) and neutral for the moderate
group (M = 3.08). Comparing the eight items that related to
satisfaction with collaboration (CP items 1 through 8), the
high collectivism group reported greater satisfaction for only
one item, “Organization or structure of the collaborative
team” (CP item 4; p = 0.008).

Interdisciplinarity Perceptions of the High and Moderate
Collectivism Groups. The average IP score for the whole
sample and averages for all individual items were strongly
positive and greater than 4.00. The high collectivism group’s
average [P score (M = 4.51, SD = 0.41) was significantly
greater than the moderate group’s (M = 4.30, SD = 0.43, p
= 0.007; Figure 2). Five IP items had significantly different
scores between the high and moderate collectivism groups
(IPitems 2, 9, 10, 13, 15; Table 8).

For the high collectivism group, items with the highest
scores were “Interdisciplinary work stimulates me to change
my thinking” (IP item 2) and “I am comfortable working in
an interdisciplinary environment” (IP item 13), whose mean
scores were significantly greater than the moderate group’s
scores for those two items (p = 0.002 and p = 0.004, respec-
tively). Item 13 also had the highest score for the moderate
group. The lowest item means for both groups were “My
interdisciplinary collaborations are sustainable over the long
haul” (IP item 11) and “Interdisciplinary work has improved
how I conduct research” (IP item 7), yet they were still 4.00
or greater.



TABLE 7

Comparison of Collaboration Perceptions Item Scores for the High and Moderate Collectivism Groups

High Moderate
Overall Collectivism Collectivism
Item M SD M SD M SD P
Overall CP scale 4.18  0.60 427 0.61 4.05 0.58 0.020*
Collabl Acceptance of new ideas 439  0.77 4.53 0.61 4.20 0.912 0.060
Collab2 Communication among collaborators 4.11 0.92 4.22 0.912 3.96 0.912 0.070
Collab3 Ability to capitalize on the strengths of different 4.32 0.99 4.40 0.883 4.20 1.12 0.459
members
Collab4 Organization or structure of the collaborative team 4.07 1.02 4.22 1.05 3.86 0.96 0.008*
Collab5 Resolution of conflicts among collaborators 4.07 1.02 4.19 0.94 3.90 1.12 0.173
Collab6 Ability to accommodate different working styles of 4.18 0.91 4.29 0.87 4.02 0.95 0.094
collaborators
Collab7 Involvement of collaborators from outside the project/ 4.1 0.78 4.13 0.81 4.06 0.75 0.497
research team
Collab8 Involvement of collaborators from diverse disciplines 43 0.76 4.32 0.78 4.27 0.73 0.539
Collab9 Collaboration meetings are productive 4.23 0.76 4.32 0.82 4.10 0.65 0.032*
Collab10 Developing new products (e.g., papers, proposals, 4.01 0.98 4.06 1.05 3.94 0.88 0.246
courses) is productive
Collabl1 Collaborating is productive, overall 435 0.78 4.34 0.89 437 0.60 0.578
Collab12 In general, collaboration has improved my research 4.09 093 4.21 0.89 3.92 0.95 0.093
productivity
Collab13 In general, collaboration has improved the quality of 4.15 0.99 4.18 0.96 4.10 1.03 0.751
my research
Collab14 Collaboration has posed a significant time burden in 3.35 1.21 3.54 1.11 3.08 1.29 0.055
my research (R)
Collab16 In general, I feel that I can trust the colleagues with 456  0.76 4.63 0.71 4.47 0.82 0.285
whom [ collaborate
Collab17 In general, I find that my collaborators are open to 4.01 1.02 4.24 0.87 3.69 1.14 0.010*
criticism
Collab 18 In general, I respect my collaborators 4.75 0.45 4.82 0.42 4.65 0.48 0.025*

Note. Statistically significant differences are indicated by shading and an asterisk. R indicates a reverse-coded item.

The high and moderate collectivism groups both reported
that the outcomes of interdisciplinary work were valuable,
and they were pleased with their interdisciplinary efforts (IP
items 8, 12, 14). Both groups also responded similarly that
interdisciplinary work improved how they conducted
research and how they pursued research/project ideas (IP
items 3 and 7). The two groups’ perceptions differed in that
the high collectivism group tended to perceive that interdis-
ciplinary work had greater impacts on aspects such as
changing their thinking (IP item 2; p = 0.002), improving
methods that were developed (IP item 9; p = 0.008), and
gaining a greater understanding of one’s own disciplinary
contributions (IP item 10; p = 0.033). The high group also
reported feeling more comfortable working in an interdisci-
plinary environment (IP item 13; p = 0.004) and that their
colleagues were more open-minded about considering dif-
ferent perspectives (IP item 15; p = 0.039) than the moder-
ate group.

Limitations

Due to sampling methods and the sample size, this study
may capture the views of a select group of those involved in
these interdisciplinary collaborations. A different sample or
sampling of this population at a different point in time may
have led to different results. Therefore, this study’s results may
not be generalizable beyond the sample. Additionally, this
study does not capture or investigate all possible variables or
factors, such as institution type (e.g., R1/R2, public/private) or
the composition of participants’ collaborations (e.g., team size,
gender, and racial/ethnic makeup of the team). Participants
may have rated the survey items more positively due to social
desirability bias (Gaia, 2020); however, the survey was anony-
mous to encourage forthright responses. Because data collec-
tion overlapped with the beginning of a global pandemic, it is
possible this may have impacted the nature of participants’
interdisciplinary collaborations and their survey responses.
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TABLE 8

Comparison of IP Item Scores for the High and Moderate Collectivism Groups

High Moderate
Overall Collectivism Collectivism

Item M SD M SD M SD )4

Overall IP scale 442 043 451 0.41 4.30 0.43  0.007*

Interdisc2 Interdisciplinary work stimulates me to change my thinking. 4.65 0.51 4.78 0.42 4.47 0.58 0.002*

Interdisc3 I have changed the way I pursue a research/project idea 434 0.80 443 0.70 4.22 0.92 0.337
because of my involvement in interdisciplinary work.

Interdisc7 Interdisciplinary work has improved how I conduct research. 413 084 421 0.84 4.02 0.83 0.186

Interdisc8 I am optimistic that interdisciplinary work among my team 458 059 4.63 0.57 4.51 0.62 0.249
members will lead to valuable outcomes that would not have occurred
without that kind of collaboration.

Interdisc9 Participating in an interdisciplinary team improves the 450 0.69  4.65 0.57 4.31 0.80 0.008*
methods that are developed.

Interdisc10 Because of my involvement in interdisciplinary work, T have 423  0.65  4.34 0.64 4.08 0.64 0.033*
an increased understanding of what my own discipline brings to others.

Interdisc11 My interdisciplinary collaborations are sustainable over the 411 0.87 4.19 0.87 4.00 0.87 0.214
long haul.

Interdisc12 Generally speaking, I believe that the benefits of 453 058 457 0.53 4.47 0.65 0.496
interdisciplinary work outweigh the inconveniences and costs of such
work.

Interdisc13 I am comfortable working in an interdisciplinary 4.66 048 4.76 0.43 4.51 0.51 0.004*
environment.

Interdisc14 Overall, I am pleased with the effort I have made to engage 450 054 451 0.53 4.47 0.54 0.660
in interdisciplinary work.

Interdisc15 Project team members as a group are open-minded about 437 0.74 450 0.64 4.18 0.83  0.039*

considering perspectives from fields other than their own.

Note. Statistically significant differences are indicated by shading and an asterisk.

Discussion

This study was spurred by a desire to understand the per-
ceptions of U.S. scientists, engineers, and educators who
were engaged in interdisciplinary collaboration projects
involving both education and science/engineering disci-
plines. Therefore, this research purposely solicited the par-
ticipation of academics across the United States who reported
to be involved in interdisciplinary collaborations. Faculty,
staff, postdocs, and graduate students from over 60 universi-
ties and research organizations in 31 U.S. states participated.

Validity and Reliability of the Collaboration Perceptions
and Interdisciplinarity Perceptions Scales

Due to a lack of research published on this topic
(McCance, 2021), existing validated scales that measure
collaboration and related constructs (e.g., transdisciplinar-
ity; Masse et al., 2008) were located and underwent a com-
plete validation process to develop items that would be
relevant for this study’s participants and measure constructs
of interest (Hinkin, 1998). The essential changes to the
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nature and focus of the items and their potential to alter the
original factor structure of the instruments led to a decision
to use EFA (Burnett & Dart, 1997). EFA with this sample
resulted in a one-factor, 17-item CP scale with very good
internal consistency (Cronbach’s o = .923). A separate one-
factor, 11-item IP scale also had very good internal consis-
tency (a0 = .852). Compared to the original three-factor
collaboration instrument, the CP items in this study per-
formed as a single factor. The IP scale was valid and reliable,
with a reduced set of 11 items compared to the original
15-item factor (Masse et al., 2008).

The moderately strong correlation between CP and IP
scales (» = 0.684) indicates that as perceptions increase on
one scale, they are also expected to increase on the other
scale. The correlation has implications for researchers who
administer these scales. The CP and IP scales were validated
separately; therefore, they can be administered separately or
together. However, because CP and IP are strongly corre-
lated, it is possible that they measure constructs that are too
similar for inclusion of both variables in certain analyses, like
regression (UCLA Advanced Research Computing, n.d.).



Overall Perceptions of Collaboration and
Interdisciplinarity

It was anticipated that participants’ experiences with their
interdisciplinary projects would greatly vary. Funding agen-
cies have pushed for interdisciplinary teams to address some
of the grand challenges of society (NSF, 2017). Therefore, it
was expected that participants may have decided to join their
interdisciplinary collaborations primarily to secure grant
funding rather than interact with interdisciplinary team
members, leading to highly positive or negative responses.
Yet, this was not the case. Participants had strongly positive
responses, with overall averages of both the CP scale and IP
scale exceeding 4.00. This study’s findings compare with
Masse et al.’s findings (2008), in which the average scores of
three collaboration subscales were 4.05, 4.00, and 4.41, and
the average score of Masse’s Transdisciplinary Integration
scale was 4.05. The average scores in the current study were
slightly greater than those found by Masse. One possible
explanation is that participants in the current study likely
interacted more closely with their collaborators in smaller,
more intimate teams than did those involved in larger
research centers in Masse’s study.

There are several possible explanations for the strongly
positive CP and IP results. First, it is likely that the individuals
who worked in interdisciplinary collaborations did so by
choice. In fact, 85% of participants stated that they had previ-
ous experience working with an interdisciplinary team.
Regardless of what their prior experiences had been, when
participants selected one interdisciplinary collaboration to
focus on for this study, they responded to the items in mostly
positive ways. When soliciting participants, it was anticipated
that some individuals would report negative experiences and
perceptions, but the findings of the current study suggest this
was not the case. Despite representing over 60 universities in
31 U.S. states, participants had positive perceptions overall
about a wide range of aspects of interdisciplinarity and col-
laboration. Although the survey collected data at one point in
time, it captured individuals at the beginning to the late stages
of their projects, and no significant differences were found
based on how long they had been involved in their projects.
Therefore, the results suggest that participants found a wide
range of positive aspects of working on an interdisciplinary
team at all stages of their projects.

Examination of Demographic Factors

It was anticipated that participants’ perceptions of col-
laboration and interdisciplinarity would differ by demo-
graphic factors, such as between those from science/
engineering and those from education. Yet, no significant
differences were found. Next, gender and race/ethnicity
were explored. Again, there were no significant differences.
This lack of significance was also evident when comparing
different roles (e.g., faculty, staff, postdocs, and graduate

students). This contrasted with the findings of Masse et al.
(2008), in which significant differences existed by role and
research center; for instance, the principal investigators’
“Trust and Respect” factor scores (collaboration scale) were
significantly greater than those of other research staff.
Additionally, in the Masse et al. study, students’ “Trust and
Respect” factor scores were significantly greater than those
of support staff and other research staff. Approximately two-
thirds of participants were female, and nearly three-quarters
were White (these demographic data were not reported in
the Masse et al. study). It is possible that the experiences of
these participants would have differed from a different sam-
ple that included more males and a more diverse group of
participants.

Our results add to the mixed results reported in the litera-
ture. Gender has been found to play a role in faculty mem-
bers’ work, reporting that women participate in more
interdisciplinary science collaborations than men, and years
of work experience is also associated with participation in
more interdisciplinary collaborations (van Rijnsoever &
Hessels, 2011). In contrast, it has been found that demo-
graphic variables, such as gender, race/ethnicity, academic
position and rank, and years since earning a Ph.D., do not
significantly predict faculty members’ satisfaction with col-
laboration with an interdisciplinary cluster hire group
(Bloom et al., 2020). Similarly, a recent study on interdisci-
plinary collaborations found that perceived barriers to inter-
disciplinary research did not differ across variables, such as
gender and level of experience, for learning scientists and
discipline-based educational researchers from STEM fields
(Daniel et al., 2022).

Role of Collectivism

Collaboration Perceptions. The high and moderate collec-
tivism groups had statistically different responses on several
CP scale items. The high collectivism group reported having
greater respect for their collaborators and that their collabo-
rators were open to criticism. The high group also reported
greater satisfaction with the productivity of collaboration
meetings and the organization or structure of their team than
the moderate group. These results resonate with prior
research. Collectivists see themselves as part of a group and
prioritize group goals and relationships (Singelis et al.,
1995). They value being a member of a team (Gundlach
et al., 2006), which may help explain the high collectivism
group’s greater affinity toward collaborative group meetings
and team structure. Those who had significantly lower col-
lectivism scores (i.e., the moderate group) may be more
comparable to individualists, who can be described as valu-
ing independence and autonomy, prioritizing personal over
group goals, and being less open to opinions or perspectives
that differ from their own (Singelis et al., 1995). Those in the
moderate group may identify and see themselves as separate
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from their group and feel less connected or engaged with
collaborators (Gundlach et al., 2006). Collectivist orienta-
tion scores were positively and significantly correlated with
CP scores, which also met our expectations that the closer
one identified as collectivist, the more positive one might
feel toward collaboration. Previous research on primary and
secondary teachers (Ning et al., 2015) also found a relation-
ship between collectivism and collaboration perceptions;
higher collectivism positively influenced perceptions of
team collegiality (including perceived trust and respect
among collaborators), and team collegiality positively pre-
dicted perceived team collaboration.

Both collectivism groups were satisfied with most collabo-
ration aspects, and they had similar perceptions of various
research-related impacts of collaboration. There was not a sig-
nificant difference between the high and moderate groups’
responses to the CP item “Collaboration has posed a signifi-
cant time burden in my research,” which had the lowest mean
after reverse coding. Despite the clear benefits that most par-
ticipants found in their interdisciplinary collaboration, this
finding indicates that interdisciplinary collaboration requires
more time. Previous research supports this finding and has
reported that collaborative and interdisciplinary approaches
pose additional time constraints for those involved (Bouwma-
Gearhart & Adumat, 2011; Daniel et al., 2022).

Interdisciplinarity Perceptions. For the IP scale, participants
reported similar perceptions of the value of interdisciplinary
work and positive impacts on research, regardless of their
orientation toward collectivism. Yet, the high collectivism
group was significantly more likely to feel comfortable work-
ing in an interdisciplinary environment. Research has
reported the challenges of working with an interdisciplinary
team, including navigating fundamental differences between
disciplines, their methods, and communication (Daniel et al.,
2022). Collectivists aim to cooperate with others in a group
despite differences and may sacrifice their personal needs
(Gundlach et al., 2006), which may explain why the high col-
lectivism group felt more comfortable in an interdisciplinary
environment, even if it was challenging at times. Given the
barriers of interdisciplinarity, it is somewhat surprising that
this item was nearly the highest-rated item for both groups,
but it also is a promising sign for interdisciplinary work. The
item with the lowest mean for both groups focused on sus-
taining interdisciplinary collaborations over time. This result
may be due to the fact that 90% of the participants reported
being involved in grant-funded collaborations, which are by
their nature limited by their funding cycle.

The high collectivism group was more likely than the
moderate group to report that interdisciplinary work had
greater impacts on aspects such as changing their thinking,
improving their methods, colleagues being open to other
perspectives, and understanding how one’s discipline con-
tributes to others. These results resonate with collectivists’
orientation toward interdependence and value toward group
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interests and goals (Gundlach et al., 2006; Singelis et al.,
1995). Those with a more individualist orientation are more
likely to focus on personal goals and may exert more effort
and attention on tasks that are individual in nature and less
attention on shared tasks (Wagner et al., 2012). Therefore, it
is possible that participants in the moderate group spent less
time interacting or had lower-quality interactions with col-
laborators and fewer opportunities to experience impacts
like changes in one’s thinking or increased understanding of
one’s disciplinary contributions. Collectivist orientation
scores were also positively and significantly correlated with
IP scores. These results met our expectations that one’s col-
lectivist orientation would relate to one’s perceptions of col-
laborating across disciplines.

Figure 3 summarizes the ways the high and moderate col-
lectivism groups were similar and differed in their percep-
tions of collaboration and interdisciplinarity.

Conclusions and Recommendations

The results of this study support these assertions and
recommendations:

e The CP and IP scales were valid, reliable tools to
measure the perceptions of U.S. faculty, staff, post-
docs, and graduate students who were involved in
interdisciplinary collaborations between education
and science/engineering disciplines.

e Perceptions of collaboration and interdisciplinarity
did not differ by demographic factors (e.g., gender,
race/ethnicity, content area, discipline, role).

e Collaboration and interdisciplinarity perceptions dif-
fered based on collectivist orientation; high collectiv-
ism participants had more positive perceptions of
collaboration and interdisciplinarity than those in the
moderate group.

e Collectivism orientation was significantly and posi-
tively correlated with CP and IP scores.

e Measuring participants’ collectivist orientation was
useful to better understand factors that influence per-
ceptions of collaboration and interdisciplinarity.

Recommendations for Interdisciplinary Teams

e Invite collaborators from science, engineering, and
education disciplines (including faculty, staft, post-
docs, and students) who are interested in being
involved in an interdisciplinary team.

e Situate more interdisciplinary teams beyond the con-
text of grant funding to increase the potential for sus-
tainable, continued collaborative work.

e Have early and ongoing discussions about collaboration
and interdisciplinary work to promote open discussion
and respect and to enhance the quality/quantity of work
that is shared and produced.



Aoderate Collectivism Group

Lower CP & IP scores

Lower respect for collaborators

Collaborators less open to

criticism and other perspectives

Less productive meetings

e Less comfortable working in an
interdisciplinary environment

e Fewer results/outcomes from

interdisciplinary work (e.g., less

stimulation to change one’s

Shared

e

Trust in colleagues

Satisfied with most collaboration

aspects

Value of interdisciplinary work

Productivity of collaboration

Positive impacts on research

Collaboration a time burden to

research

e Long-term sustainability of
interdisciplinary collaborations

\

High Collectivism Group \

e Higher CP & IP scores

e  Greater respect for collaborators

e Collaborators more open to
criticism and other perspectives

e More productive meetings

o More comfortable working in an
interdisciplinary environment

e  Greater results/outcomes from
interdisciplinary work (e.g., more
stimulation to change one’s

FIGURE 3.

thinking, improve methods to a
lesser extent)

N

thinking, improve methods to a
greater extent)

/

Recommendations for Future Research

Apply the validated scales to study interdisciplinary
teams over time (e.g., a multiyear grant-funded proj-
ect) or to compare different interdisciplinary teams.
Explore how collaborators may develop more collectiv-
ist mindsets by designing and studying an intervention
to prepare collaborators for engaging in interdisciplin-
ary work.

Administer the survey to a more diverse sample in
terms of gender, race/ethnicity, discipline, and role.
Collect qualitative responses to explain and elaborate
on the quantitative results.

High and moderate collectivism similarities and differences.

This study aimed to understand the perceptions of inter-
disciplinary collaborations of U.S. scientists, engineers, and
educators. To do so, a valid way of measuring the constructs
of interdisciplinarity and collaboration was developed and
assessed. The resoundingly positive response from partici-
pants across U.S. universities may encourage others to
engage in interdisciplinary collaborations. The validated
scales have the potential to spark conversations on how to
foster more productive and inclusive collaborations. With
time, these interdisciplinary collaborations may lead to out-
comes beyond the scope of individual disciplines, attaining
the goals of national funding agencies.

Appendix A: Full Survey 8. At what stage is your project?
. Gender e Istyear
. Race/ethnicity e 2nd year
. Position e 3rd year
e 4th year
* Faculty e Recently ended
° Staff e Other
e Postdoc
: g;?ii;ﬁ;ﬂ;f:ziu dent 9. How long have you been involved with the project?
e Other e Lessthan 1 year
e | year
. Name and location of your institution e 2 years
. What fields/disciplines are involved in your interdis- e 3 years
ciplinary project/team? (e.g., science education, e 4 or more years
chemistry, engineering)
. With what field/discipline do you most closely iden- 10. About how many members of your team belong to a
tify? TS E— science/engineering discipline? (based on who you
. Is your project grant-funded? interact with regularly)
e Yes 11. About how many members of your team belong to an
e No education discipline? (based on who you interact
e Other with regularly)
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12.

13.

14.

15.

16.

How would you describe the racial/ethnic and gen-
der composition of your interdisciplinary team?

About how many hours per week do you work on
things related to the interdisciplinary project?

0-10 hours

11-20 hours

21-30 hours

31-40 hours

More than 40 hours

Are you involved with conducting interdisciplinary
research with your team?

e Yes
e No

Do you have previous experience working with an
interdisciplinary year?

e Yes
e No

If so, how would you rate your previous experience?

Very poor
Poor
Acceptable
Good

Very good

The following questions concern your perceptions of and expe-
riences with collaboration and interdisciplinary integration. When
responding, please

Think about the current (or most recent) interdisci-
plinary project between education and science/engi-
neering with which you’ve worked.

Consider all collaborators from education and sci-
ence/engineering who are/were involved with your
project/team on a regular basis.

Think about how your project typically functioned
before the COVID-19 pandemic.

Please evaluate your satisfaction with the collaboration within
your project/research team by indicating if you are (1) very dis-
satisfied, (2) dissatisfied, (3) neither satisfied nor dissatisfied, (4)
satisfied, or (5) very satisfied. Please respond about your project
or team as a whole.

17.
18.
19.

20.
21.

18

Acceptance of new ideas

Communication among collaborators

Ability to capitalize on the strengths of different
members

Organization or structure of the collaborative team
Resolution of conflicts among collaborators

22.

23.

24.

Ability to accommodate different working styles of
collaborators

Involvement of collaborators from outside the proj-
ect/research team

Involvement of collaborators from diverse disci-
plines

Please rate your views about collaboration with respect to your
project/research team by indicating if you (1) strongly disagree, (2)
disagree, (3) neither disagree nor agree, (4) agree, or (5) strongly
agree with the statement.
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26.

27.
28.

29.

30.

31.

32.

33.

34.

Collaboration meetings are productive.

Developing new products (e.g., papers, proposals,
courses) is productive.

Collaborating is productive overall.

In general, collaboration has improved my research
productivity.

In general, collaboration has improved the quality of
my research.

Collaboration has posed a significant time burden in
my research. (reverse coded)

I am comfortable showing limits or gaps in my
knowledge to those with whom I collaborate.

In general, I feel that I can trust the colleagues with
whom I collaborate.

In general, I find that my collaborators are open to
criticism.

In general, I respect my collaborators.

Please rate the following attitudes about interdisciplinary work
by indicating if you (1) strongly disagree, (2) disagree, (3) nei-
ther disagree nor agree, (4) agree, or (5) strongly agree with the
statement.
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36.

37.

38.

39.

40.

41.

42.

I would describe myself as someone who values
interdisciplinary collaboration.

Interdisciplinary work stimulates me to change my
thinking.

I have changed the way I pursue a research/project
idea because of my involvement in interdisciplinary
work.

Interdisciplinary work interferes with my ability to
maintain knowledge in my primary area. (reverse
coded)

I tend to be more productive working on my own
rather than working as a member of an interdisciplin-
ary project/research team. (reverse coded)

In an interdisciplinary group, it takes more time to
produce new products (e.g., papers, proposals,
courses). (reverse coded)

Interdisciplinary work has improved how I conduct
research.

I am optimistic that interdisciplinary work among
my team members will lead to valuable outcomes



that would not have occurred without that kind of
collaboration.

43. Participating in an interdisciplinary team improves
the methods that are developed.

44. Because of my involvement in interdisciplinary
work, I have an increased understanding of what my
own discipline brings to others.

45. My interdisciplinary collaborations are sustainable
over the long haul.

46. Generally speaking, I believe that the benefits of
interdisciplinary work outweigh the inconveniences
and costs of such work.

47. 1 am comfortable working in an interdisciplinary
environment.

48. Overall, I am pleased with the effort I have made to
engage in interdisciplinary work.

49. Project team members as a group are open-minded
about considering perspectives from fields other than
their own.

Please rate the following by indicating if you (1) strongly dis-
agree, (2) disagree, (3) neither disagree nor agree, (4) agree, or (5)
strongly agree with the statement.

50. I’d rather depend on myself than others. (reverse
coded)

51. It is important that I do my job better than others.
(reverse coded)

52. Toften do “my own thing.” (reverse coded)

53. It annoys me when other people perform better than
I do. (reverse coded)

54. The well-being of my team members is important to
me.

55. I feel good when I cooperate with others.

56. I usually sacrifice my self-interest for the benefit of
my group.

57. Thate to disagree with others in my group.

58. Please briefly describe the purpose or goal of your
project.

59. How do you think your project is and is not interdis-
ciplinary?

60. Are there differences in the ways that team members
from different disciplines collaborate with one
another to accomplish work on your project? Does it
vary by task?

61. What is going well with the collaboration? Are there
things you wish were different?

62. Has the COVID-19 pandemic impacted your work
with your interdisciplinary project?

63. Is there anything else you’d like to share?

The researchers would like to conduct follow-up interviews
with individuals to better understand their experiences with collab-
oration and interdisciplinarity. If you are willing to be interviewed,
please provide your name and contact information.
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