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Abstract
The interdisciplinary research (IR) that is necessary for the creation of innovative solutions for the many complex environmental
challenges facing society requires collaboration and the sharing and integration of knowledge from different disciplines in teams.
Higher education programs should deploy effective pedagogical approaches to train students in interdisciplinary, team research
collaboration. This paper discusses the design of three learning modules that supported the development of collaboration and
teamwork skills among doctoral students during an IR workshop held in 2017 at the University of Texas at El Paso. The module
activities were scaffolded to provide multiple opportunities for students to develop knowledge about the impacts that individual
dispositional characteristics and differences in epistemological philosophies can have on teamwork processes. The activities and
the workshop overall created opportunities for the students to apply this knowledge in a variety of authentic, collaborative
contexts. An inquiry approach to pedagogical practice was used to address two key questions: (1) Did the learning modules
increase knowledge of the impact of sharing dispositional features of team members on the practice of IR? (2) How confident
were workshop participants in their ability to adapt to dispositional and epistemological diversity during future IR team activities?
Results from a post-workshop questionnaire data, group reflections, and retrospective pre- and post-assessment showed (1)
participants learned and practiced essential collaborative skills in authentic contexts; (2) the modules were valued and helped
participants recognize the important role that personal dispositional characteristics have on the development of effective IR
teams; (3) participants’ confidence in adapting to differences among team members increased; and (4) participants recognized
that effective collaboration is an emergent property of a team that benefits from the overall intentionality of using a defined
process and communication strategy.

Keywords Collaboration . Teamwork . Interdisciplinary research skills . EMBeRS . Dispositional characteristics . Dispositional
distance . Team science

Introduction

Society faces many wicked problems related to the environ-
ment including understanding and mitigating impacts from

climate change, sustaining food-energy-water systems,
avoiding depletion of natural resources, and preserving biodi-
versity, among many others. Wicked problems are complex
and are characterized by legitimate, competing values of
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stakeholders; difficult to predict cause and effect relationships;
high degrees of uncertainty; and multilevel social interactions
(Rittel and Webber 1973). Higher education faces many chal-
lenges in preparing students to address wicked problems
(Zemsky 2009, Soranno and Schimel, 2014, Bammer 2013,
Ramaley 2014, National Research Council 2015). Developing
solutions for wicked problems requires interdisciplinary and
transdisciplinary research (NAS 2014). Interdisciplinary re-
search (IR) requires collaboration, sharing of knowledge from
different disciplines in teams, and convergence of expertise
(e.g., Bammer 2013; Pennington 2016; Pennington et al.
2016; Guimarães et al. 2019). Effective collaboration and
teamwork provide pathways for scientists, professionals, and
stakeholders to integrate resources (e.g., expertise, knowl-
edge, data, methods, and technologies) and to bridge disciplin-
ary, sociocultural, political, and institutional boundaries to ef-
fectively address complex, multifaceted problems.

Graduates from higher education lack the teamwork
skills that are necessary for their effective participation in
collaborative research partnerships and teams according to
many studies (PISA 2015; NAS 2012; NRC 2015). Nearly a
century of psychological science has provided extensive
knowledge about team-related, collaborative processes
(Salas et al. 2018), yet the majority of students have not
received explicit training in collaboration. Studies of sci-
ence teams, in particular, indicate that there are significant
challenges related to the development of effective teams
(Hall et al. 2018). In addition to the importance of these
skills to IR teams, the ability to work with others in collab-
orative, interdisciplinary/transdisciplinary problem solving
teams is a valued workforce skill (Fiori et al. 2018; Weik
et al., 2011, 2015; Voogt and Pareja Roblin; 2012). Weik
et al. (2011, 2015) identified collaborative and participatory
problem solving as key competencies needed by current and
future professionals to address wicked problems related to
the environment and sustainability. National industry stud-
ies have highlighted the lack of collaboration competencies
broadly (NAS 2012) as well as specifically in areas such as
management (AMA 2012) and science, technology, engi-
neering, and mathematics (NRC 2015). The alignments of
values, theory, epistemologies, and methods are identified
challenges to the practice of interdisciplinarity (Lélé and
Norgaard 2005). It is clear that educational institutions are
not meeting societal needs in terms of preparation for col-
laboration (PISA 2015; Hart Research Associates, 2011)
and that there is an urgent need for pedagogical approaches
that better prepare students to collaborate—current academ-
ic curricula do not effectively incorporate collaborative pro-
cesses and practices into the curriculum (Fiori et al. 2018).
Current methods of training are not adequate to prepare
individuals for IR, and reporting of evidence-informed ap-
proaches to teaching IR are rare (Stokols 2014; Guimarães
et al. 2019).

Participation in scaffolded, project-based learning, interdis-
ciplinary projects in tertiary contexts can be important to devel-
oping the soft skills—teamwork/collaboration, critical thinking/
problem solving, oral communication, and creativity/innova-
tion—needed for effective IR (Vogler et al. 2018). Explicit
training in the differences between epistemological frameworks
and the opportunity to practice communication across these
frameworks are also important for the training of researchers
and professionals engaged in IR (Killion et al. 2018).

The purpose of this paper is to describe three learning mod-
ules designed to support the development of collaboration and
teamwork skills in the context of IR (Thompson et al. 2017).
The modules focus on the importance of accounting for the
compositional features of team members—e.g., personality,
d i spos i t ions , compe tenc ie s , ep i s t emology, and
demographics—as an inherent part of the collaborative pro-
cess. They were incorporated into a workshop for doctoral
students involved in addressing important environmental
challenges such as climate change and sustainable water re-
sources development. Learning to manage dispositional and
epistemological differences among team members is impor-
tant for the development of effective teams. Multiple work-
shop activities provided opportunities for students to apply
knowledge gained from the modules in a variety of authentic,
collaborative contexts.

The design of the modules used an inquiry approach
(Alhadad and Thompson 2017) to address two research ques-
tions: (1) Did the modules increase knowledge of the impact
that dispositional features of team members can have on the
practice of IR? (2) Did the modules influence participants’
confidence in their ability to adapt to dispositional and episte-
mological diversity during future IR team activities? Group
reflections, assessment of students during the workshop, and
post-workshop surveys provide information about the com-
plex interplay of knowledge, beliefs, and motivation to the
development of effective collaboration in environmental sci-
ence IR teams.

Background

Team composition Effective collaboration requires the inte-
gration of individual team members into a distributed cogni-
tive system through which data, information, tools, artifacts,
etc. flow freely (Pennington 2016, Hutchins 1995).
Substantial research about best practice in teams, characteris-
tics of effective teams, processes that result in effective team-
work (Driskell et al. 2018, Mathieu et al. 2018), and collabo-
rative research practice (National Research Council 2015)
over the past 25 years has documented the importance of team
composition for effective teams. Synthesis models and con-
ceptual frameworks for team processes described by Salazar
et al. (2012), Driskell et al. (2018), and Mathieu et al. (2017,
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2018)—all informed by Marks et al. (2001)—highlight the
importance of managing the interpersonal relationships
among compositionally diverse team members to support ef-
fective teamwork. Team processes are the cognitive, verbal,
and behavioral activities directed toward organizing task work
to achieve collective goals (Marks et al. 2001). The conceptual
framework developed by Mathieu et al. (2017, 2018) for ef-
fective teamwork includes three overlapping domains: struc-
tural features, e.g., context of the team setting such as mem-
bers’ interdependence, location, scope and task types, and
roles; compositional features of team members, e.g., person-
ality, dispositions, competencies, epistemology, and demo-
graphics; and mediating mechanisms, e.g., transition process-
es, action processes, and interpersonal processes.

The focus of this paper is on the compositional features of
team members. Variability in these compositional features
leads to diversity among team members that are emergent
and dynamic as a function of team context, inputs, processes,
and outcomes (Marks et al. 2001). Compositional diversity
includes surface-level and deep-level personal characteristics
that influence the effectiveness of deep knowledge integration
(Fig. 1, Harrison et al. 2002, Salazar et al. 2012). Surface-level
characteristics include age, race, gender, and other character-
istics that are readily observable—such as skill sets and ex-
plicit knowledge along with the actions and reactions (e.g.,
behavioral characteristics) toward others. Deep-level differ-
ences include individual psychological constructs such as at-
titudes, preferences, beliefs, and assumptions (Harrison et al.
1998). Diversity in deep-level differences among team mem-
bers can lead to knowledge and social gaps between individ-
uals and the groups with which they are associated that, in
turn, can reduce team effectiveness (Harrison and Klein

2007). Learning about the compositional diversity of team
members as a fundamental input to a team is important for
effective team outcomes (Marks et al. 2001, Salazar et al.
2012, Driskell et al. 2018, and Mathieu et al. 2018).

Practice and process in authentic settings A key factor in the
development of effective collaboration skills is to have multi-
ple opportunities to practice them in authentic contexts (Fiori
et al. 2018). A range of authentic educational programs pro-
mote the development of collaboration skills, including the
National Institute of Health’s Team Science initiatives
(https://www.training.nih.gov/team_science); the National
Science Foundation’s Integrative Graduate Education and
Research Traineeship (Martinez et al. 2006) and subsequent
Research Traineeship (https://www.nsf.gov/funding/pgm_
summ.jsp?pims_id=505015); and the Partnerships in
International Research Education programs (Knowlton et al.
2014). The Fellowship Program developed as part of the
Global Lake Ecological Observatory Network (GLEON) is a
specific example of a scientist-in-training approach that en-
gaged participants in authentic collaborative contexts (Read
et al. 2016). Each program includes a collection of methods
and tools intended to provide authentic team experiences, but
do not necessarily explicitly engage participants in the chal-
lenges faced in collaborative teamwork related to composi-
tional diversity.

The National Research Council (NRC 2015) summarized
the specific challenges that confront science teams and iden-
tified those that impacted the participants in the authentic ex-
periences listed above. The NRC 2015 report identified seven
features that create challenges to the development of effective
research collaboration and teamwork: (1) high diversity of
membership; (2) deep knowledge integration; (3) large size;
(4) goal misalignment; (5) permeable team and group bound-
aries; (6) geographic dispersion; and (7) high task interdepen-
dence. These seven features directly impact the processes in
which science teams engage (NRC 2015), influence the inte-
grative capacity necessary to produce innovation (Salazar
et al. 2012), and create barriers to achieve the level of collab-
oration and teamwork needed for deep knowledge integration
across disciplines within interdisciplinary and transdisciplin-
ary research teams (Salazar et al. 2012; Pennington 2016;
Pennington et al. 2016).

The modules described herein were developed as part of an
NSF Innovations in Graduate Training NRT initiative—
Employing Model-Based Reasoning in Socio-Environmental
Synthesis (EMBeRS DGE−1,545,404; http://embers.
cybershare.utep.edu). The EMBeRS approach provides a
pedagogical design (Thompson et al. 2017; Pennington et al.
2016; Killion et al. 2018) for overcoming three of the team-
work challenges identified by the NAS: high disciplinary di-
versity, deep knowledge integration, and concomitant goal
misalignment. The primary focus of the approach is the

Fig. 1 There are many versions of the iceberg model. In this version, we
use the metaphor of an iceberg to illustrate that there are many hidden
elements and deep level characteristics that influence and drive a person’s
surface level characteristics that include behavioral characteristics in a
diverse range of contexts
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development of shared mental models through the collabora-
tive creation of boundary negotiating objects. Boundary ne-
gotiating objects are external representations of complex un-
derstandings of the phenomena of interest held by individuals
and may include concept maps, simulations, documents, etc.
(Pennington 2010). The EMBeRS systems-thinking approach
provides a research-based, structured, participatory engage-
ment process during which participants have multiple oppor-
tunities to practice collaboration in authentic settings.
Modules on the importance of team composition; its implica-
tions for team processes; the identification and explicit appli-
cation of dispositional and epistemological differences; and
the necessity to navigate, negotiate, and adjust to these differ-
ences were integrated into the overall EMBeRS workshops
pedagogical design.

Dispositional and epistemological differences A person’s in-
dividual dispositional characteristics include beliefs, feelings,
and values (motivational drivers) as well as a person’s actions
and reactions (behaviors) (Ajzen 2005). The concept of dis-
positional distance describes the differences in the disposi-
tional characteristics among a group of team members
(Fig. 2). The ability to understand self at a level where a
person knows what they want to do and why they want to
do it is one of the most challenging tasks that individuals face
on their journey to becoming an effective collaborator, team-
mate and leader (Gosselin 2015).

Epistemological differences are another compositional
characteristic that influence relationships among group mem-
bers (Bammer 2013; Miller et al. 2008; Eigenbrode et al.
2007). Epistemological differences relate to different ways
of knowing that result from disciplinary training, education,
tools, approaches to research, conceptual frameworks, cultural
backgrounds, and perspectives. Researchers and practitioners
also have philosophical differences that influence the value

that they place on the basic and applied components of their
work as well as the extent to which they are interested in
working across disciplines and with stakeholders
(Eigenbrode et al. 2007; Stokols et al. 2008). Miller et al.
(2008) emphasize the importance of accommodating episte-
mological pluralism and acknowledging that there are several
valuable ways of knowing that include—but are not limited
to—scientific and indigenous knowledge systems (Rathwell
et al. 2015).

Addressing epistemological and dispositional characteristics
of team members is a challenge because they are forms of tacit
knowledge which are not easily articulated and are instead res-
ident within the mind and perceptions of individuals (Mohajan
2016; Dampney et al. 2002). Tacit knowledge is a deep-level
characteristic (Fig. 1). It is difficult to capture this knowledge
because it is typically shared through person-to-person interac-
tion using stories, analogies, metaphors, and discussion
(Dampney et al. 2002). To assist in transitioning an individuals’
tacit knowledge of their own epistemological and dispositional
characteristics into more explicit knowledge, two survey instru-
ments where used to provide the foundation for a shared expe-
rience and participatory engagement process that incorporated
group reflection and small and full group dialogue.

Methods

Workshop and module design The three modules described
below were embedded into two EMBeRS workshops for doc-
toral students conducted in 2017 (9 days) at the University of
Texas at El Paso (UTEP). Thirteen individuals participated:
twelve doctoral students plus a recently graduated research
professor (n = 13). Ten of the students were recruited from
NSF-funded interdisciplinary research projects related to wa-
ter located at ten different US higher education institutions.
Two students were doctoral students in the UTEP
Interdisciplinary Environmental Science and Engineering
Program. The research professor was joining the UTEP pro-
gram. Based on demographic information collected from their
applications, the participants had a wide range of research
interests and represented a variety of disciplines in the natural
sciences, social sciences, and engineering. The participants
included eight women and one person each of Hispanic/
Latino, Asian, and Black race/ethnicity. Three were interna-
tional students from India, Nigeria, and Vietnam.

The EMBeRS workshops targeted an array of challenges
related to learning in teams (Pennington et al. submitted).
Each workshop consisted of three major segments: (1) generic
teamwork skills, (2) convergent problem-solving skills around
a water resources case study, and (3) leadership skills associ-
ated with team activity design and implementation (for a
complete description, see Thompson et al. 2017). The
activity-centered analysis and design (ACAD, Carvalho and

Fig. 2 A schematic representation of the differences in the behavioral
characteristics and motivational drivers of team members results in
dispositional distance between them that need to be navigated and
negotiated throughout a collaborative project
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Goodyear 2014) framework supported the development of the
workshop activities. The focus of this paper is on the design
and evaluation of the three of the modules enacted to develop
generic teamwork skills: dispositional characteristics and the
team environment parts 1 and 2 and disciplinary cultures and
the team environment. Figure 3 a–c provide the design of each
module using the ACAD Framework. The two modules in-
volving the dispositional characteristics and the team environ-
ment modules 1 and 2 were presented as two sequential ses-
sions on the afternoon of day 2 of the workshop. The module
focused on disciplinary cultures was implemented on the af-
ternoon of day 3 of the workshop.

Dispositional characteristics and the team environment mod-
ules one and two The overarching goal of these two modules
for the students was to explore the role of dispositional char-
acteristics on the processes and outcomes of collaboration in
interdisciplinary teams. The TriMetrix® HD assessment tool
(TTISI 2012) provided the framework for the students to ex-
plore their dispositional characteristics. The TriMetrix® HD
assessment tool is a psychometric tool developed by Target
Training International Success Insights Ltd. (TTISI). A basic
premise behind the use of this tool is that through a deeper
knowledge of individual dispositional characteristics, and
those of collaborators, relationships, communication and trust
will grow (e.g., Lencioni 2002; Bonnstetter and Suiter 2013;
Gosselin 2015). The TriMetrix® HD instrument assesses the
personal attributes of the participants using self-reported data
(http://www.ttiresearch.com/). The online instrument was
completed by each participant prior to the workshop
(typically requires 30 to 45 min). Individual TriMetrix® HD
and group reports provided explicit information about the
students’ behavioral characteristics and motivational drivers.

Module one—behavioral characteristics data The DISCmod-
el forms part of the TriMetrix® HD assessment. It is used to
describe a person’s behavioral style on a continuum of four
primary behavioral dimensions D, I, S, and C (for details, see
Bonnstetter and Suiter 2013): D, the way an individual man-
ages problems/challenges and exercise power; I, how a person
interacts and uses their influence with people; S, a person’s
steadiness, which reflects how the person responds to change,
variation, and pace of their environment; and C, how an indi-
vidual deals with procedures and complies with rules and
other constraints that are set by others and responds to author-
ity. The workshop students used the DISC results to learn
about their behavioral characteristics in terms of “how” they
carry out decisions and “how” they want to communicate. The
behavior data for the 2017 cohort is presented on the TTI
Success Insights Wheel® (Fig. 4). The wheel is divided into
four quadrants based on the influence that the four primary
behavioral dimensions—D, I, S, and C have on a person’s
overall behavioral characteristics. An analogy that can be used

to help interpret the wheel is to imagine a magnet at D, I, S,
and C: the more a dimension influences the behavior, the
stronger the force of the magnet and the further person is
plotted away from the center of the circle. The differential pull
from the four corners results in different patterns of DISC
relative to the energy line, which is the horizontal centerline,
in all the small-embedded graphics on Fig. 4. The pattern
associated with a person whose C dominates has a C score
high above the energy line, and the D, I, and S are below the
line. The core behavioral style is the highest point plotted
above the energy line. The point spread between each of the
behavioral dimension scores influences the tendencies for cer-
tain behavior. Each one of the numbered boxes on the Fig. 4
represent different DISC patterns. The inset graphs provide
examples for areas 7, 12, 15, and 20. For more details, regard-
ing the interpretation of the wheels, see Bonnstetter and Suiter
(2013).

The goal of module one was to have the participants begin
their exploration of the influence that dispositional character-
istics can have on collaboration and the effectiveness of teams.
This exploration began with a focus on concepts of collabo-
ration, dispositional characteristics, and dispositional distance.
The 1.5-h session began with individual writings followed by
the sharing of stories about positive and negative group expe-
riences. The relevance of “knowing who you are” and “know-
ing teammates” was put into the context of the iceberg model
for personal characteristics (Fig. 1). A brief introduction to the
TriMetrix® HD survey results was also provided.

Module two—motivational assessment data The DISC mod-
el provides information about behaviors and interprets “how”
individuals relate and interact with each other. Motivational
drivers are the “why” behind an individual’s actions. The HD
instrument provides information about six motivational
drivers based on the descriptions of Spranger (1928):

& Theoretical—a passion for learning and wanting to learn
as much as they can.

& Individualistic—a drive to control their destiny and that of
others as well. They have a desire for control and
recognition.

& Social—seek to give back to the community, charities,
solve global social problems, etc. They are generous with
their time, talents, and resources.

& Utilitarian—pursue a positive return on investment of
time, energy, or money. They will focus on practical re-
sults and what is useful.

& Esthetic—seek harmonious outcomes in which life is a
procession of events, each of which needs to be enjoyed
for its own sake.

& Traditional—live by a certain set of standards, beliefs, or
principles commonly based on family and culture.
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Motivational drivers are those things about which a person
is passionate, perceive as important, and/or are the values that
provide purpose and direction in their life. These drivers
strongly influence the way individuals look at life, their
mindsets, and their decisions. The top two motivators—
which are usually the two most important for each
individual—for each of the workshop participants are shown
in Fig. 5. The primary and secondary drivers for each partic-
ipant are plotted in the outside and inside rings, respectively.

The goal of module two was to identify individual dispo-
sitional characteristics and to use individual results from the
TriMetrix ® HD assessment to inform the process of collabo-
ration using the context of navigating and negotiating differ-
ences among team members. During the 1.5-h session, reflec-
tive exercises provided participants with the opportunity to
apply their individual dispositional characteristics to
informing the process of relationship building in teams of
three. An individual’s general tendency to assume that every-
one interacts and thinks the same way they do was addressed
explicitly. Each team created “team maps” of their DISC and
motivational driver information by hand plotting their group
data on the wheels shown in Figs. 4 and 5. The instructor
guided the small groups through the use of team blending
resources (Fig. 6) that provided details regarding the strengths,
weaknesses, problem-solving abilities, communication prefer-
ences, and potential areas of conflict among team members.
The top diagram in Fig. 6 is an example of a resource that
looks at the potential behavioral roadblocks between per-
suaders and coordinators (Fig. 4). In the context of

motivational drivers, participants could have similar behavior-
al styles, but differences in their motivational drivers (bottom
of Fig. 6) may result in a disagreement on what to do.
Differences in behavioral characteristics and motivational
drivers need to be negotiated to move the team forward. The
exposure to these resources helped participants understand
their behavioral and motivational styles in the context of de-
veloping strategies to overcome barriers to effective collabo-
ration in their interdisciplinary research teams. Throughout the
rest of the workshop, the importance of recognizing, under-
standing, and appreciating the different behavioral styles and
motivational drivers among team members was emphasized.

Module three—disciplinary cultures and the team environ-
mentThe goal of this 1.25-hmodulewas to explore individual
and group perspectives, assumptions, and strategies related to
the generation of knowledge in interdisciplinary collaborative
environments. The Toolbox Dialogue initiative survey (http://
tdi.msu.edu/; Eigenbrode et al. 2007) provided a framework
for the exploration of epistemological differences. Prior to the
module, students completed a set of guiding questions from
the Toolbox Dialogue initiative (http://toolbox-project.org/) to
prompt dialogue about differences in disciplinary cultures.
The Toolbox instrument consists of a set of elements, each
comprising a core question and probing statements that
concern philosophical aspects of science (Table 1). A Likert-
type scale encouraged participants to take a position as a
springboard for discussion. The responses to the instrument
remained in the participant’s possession, but they provided a
framework for a 1-h, participant-driven conversation among
all workshop participants. The instructors did not participate

Fig. 5 Motivational characteristics for workshop participants on TTI
Success Insights Motivational Drivers Wheel. The primary and
secondary drivers for each participant numbered 1 to 13 are plotted in
the outside and inside rings, respectively

Fig. 4 Behavioral characteristics of the thirteen workshop participants.
See text for details

�Fig. 3 Design framework for learning environment for educational
modules used in the workshop. Dashed lines indicate that there is
feedback from one part of the framework to another as the design
evolves
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but allowed dialogue to continue and ensured that the conver-
sation addressed as many questions and prompts as possible.
A “talking stick” enabled equitable participation by allowing
only the person holding the stick to speak. Group guidelines
were established to support active listening. This conversation
provided opportunities for individuals to describe and discuss
their perspectives and assumptions regarding disciplinary
epistemology. Broadly, the topics covered include participant
perceptions of the nature of reality and scientific inquiry, the
tension between qualitative and quantitative approaches, the
importance and type of communication, and other deeply en-
grained ways of thinking that can differ between disciplinary
cultures (Eigenbrode et al. 2007; Looney et al. 2013).

Data collection and analysis

Three types of data were collected and analyzed: daily group
reflections, retrospective pre- and post-evaluation of the dis-
positional characteristics and disciplinary cultures modules,
and post-workshop evaluation surveys. Approval for the study
was obtained from the University of Texas El Paso
Institutional Review Board (IRB study number 483287-7).

Retrospective pre- and post-module evaluation The students
completed a retrospective pre- and post-assessment survey
to self-identify changes in their perception of the

importance of dispositional characteristics. The RPPE ap-
proach has been used to demonstrate the efficacy of edu-
cational programs since the work of Howard (1980).
RPPE instruments are administered at the end of an inter-
vention, in our case at the end of the modules, at which
time the participant was asked to assess self-reported
changes in knowledge, awareness, skills, or confidence.
The RPPE approach asks participants to evaluate out-
comes before and after an intervention using the same
metric. A strength of this approach is that it controls re-
sponse shift bias. This bias occurs when a participant
changes their frame of reference because of their new
understanding of the content. In essence, they are
responding to the survey items using two different frames
of reference in a traditional pre- and post-approach.
Details on the pros and cons of the RPPE approach can
be found in Rockwell and Kohn (1989), Hill and Betz
(2005), Bursal (2015), and Malagon-Maldonado (2016),
among others. Table 2 provides the retrospective evalua-
tion survey that was used after the dispositional charac-
teristics modules. The questions sought to examine the
shift in the importance to which participants attributed
each statement before and after participating in the ses-
sion. These data from the survey in Table 2 were reverse
scored, so the higher score indicated higher importance.
For example, “very important” was scored as a 5 and
“not even worth considering” scored as a 1.

Fig. 6 Examples of TTI Success
Insight Team Blending Resource
materials. The top diagram
examines the behavioral
characteristics of participants who
plot in the blue-shaded area to
those in the yellow-shaded area.
The bottom diagram examines
differences in the motivational
characteristics for participants
whose primary motivational driv-
er is theoretical compared to a
person with the social driver
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Daily group reflections Key concepts from design-based
research (Sandoval, 2014) and the ACAD framework
helped to connect design and theoretical assumptions
(Fig. 3) with specific design decisions (Thompson
et al. 2017). In using ACAD, the design of the learning
situation accounts for the following design elements:
tasks (epistemic), role and rules of interactions (social),
and digital and physical learning environment and tools
(set); learner and instructor activity (observable behav-
ior); as well as the learning outcomes (measurable
changes over time). Conjecture mapping (Sandoval,
2014) was adapted as a method to identify and test
assumptions about how the elements of the design link
to activity, as well as about how the activity is linked to
learning outcomes (Thompson et al. 2016; Alhadad &
Thompson 2017). One of the researchers facilitated the
daily reflections using three framing questions—what

did you learn? What did you do? What did we intend?
These became the headings of three columns drawn on
the whiteboard in reverse order. The first question asked
was always: What did you learn today? Students would
contribute answers while the facilitator recorded them,
asking for clarification at times. Sometimes the facilita-
tor or the team would also contribute. The second ques-
tion asked (the middle column) was what did you do
today? The students would contribute answers that were
about planned activities during the day (e.g., if they had
been on a field trip) as well as more micro-level activ-
ities (e.g., listened, drew, created a concept map). The
facilitator aimed to record the contributions as close to
the statements by students as possible and, if paraphras-
ing, would check that the meaning had been captured
adequately. The final question was for the facilitator
(and was the first when read left to right) to outline

Table 1 Core questions for the four elements of the Toolbox survey used in the module

Responses to sub-questions use the following Likert scale:

Disagree Agree

1 2 3 4 5 I do not know N/A

Motivation**

Core Question: What motivates me to participate in environmental research?

1. Knowledge generated by scientific research is valuable even if it has no application

2. Good science products are more important to me than major funded projects

3. Incorporating one’s personal perspective in framing a research question is never valid

4. Collaborative research should be motivated primarily by grant opportunities

Methodology**

Core Question: What methods do you employ in your disciplinary research (e.g., experimental, case study, observational, modeling)?

1. Basic and applied research are equally important for environmental science research

2. Scientific research (applied or basic) must be hypothesis driven

3. Qualitative science is as credible as quantitative science

4. The methods I use in my disciplinary research are easily integrated with methods used by researchers in other disciplines

5. Experimental work conducted in the laboratory is too dependent on context to yield general principles

6. Modeling, fieldwork, and laboratory research are of equal importance for environmental science research

Values**

Core Question: Do values negatively influence scientific research?

1. Incorporating one’s personal perspective in framing a research question is never legitimate

2. Value-neutral scientific research is possible

3. Scientists should never engage in advocacy

4. Public outreach detracts from good science

5. Responsible scientific research requires meeting the productivity goals of yours

6. Scientists have a moral obligation to improve society through research

Reality**

Core Question: Do the products of scientific research more closely reflect the nature of the world or the researchers’ perspective?

1. Scientific research aims to identify facts about a world independent of the investigators

2. Scientific claims need not represent objective reality to be useful

3. Models invariably produce a distorted view of objective reality

4. The subject of my research is a human construction
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the intended design. For most days, the students con-
tributed to this discussion with features of the design
that had emerged during the day. At the end of this
exercise, the outcome was a co-created representation
of the design and the implementation of the modules.
It provided feedback for the designers, and it helped
students reconcile often complex and intense learning
experiences. In addition, the students gained insight into
the purpose of the tasks they had participated in, asked
questions, and made connections between what they
were doing and what they were learning.

Post-workshop evaluation surveys The students also com-
pleted a post-program survey immediately following the
workshop. It included questions related to the partici-
pants’ confidence in their understanding and abilities
to recognize the differences and adapt to behavioral
characteristics and motivational drivers of team member
in the future. The survey also examined the extent to
which the dispositional characteristics and epistemology
sessions were valued in the context of the knowledge
and skill training they received via the EMBeRS
workshop.

Results

RPPE RPPE data were collected from 11 of the 13 par-
ticipants at the conclusion of the modules on disposi-
tional characteristics and the team environment (Fig. 7).
Of the seven items, knowledge of self and creating a
shared vision were rated as the most important among
the participants prior to the session, and communicating
strengths and weaknesses and using assessments with
t eammates were ra t ed o f lowes t impor t ance .
Participants’ rated all seven survey items as more im-
portant after completion of the module (Table 3).
Wilcoxon signed-ranks test revealed a statistically sig-
nificant shift in six of the seven items following partic-
ipation in the workshop modules (Table 4). The calcu-
lated effect sizes for the six of the seven items between
0.4 and 0.6 indicate that the intervention had a medium
to strong influence (Table 4).

Daily group reflections The students identified key features
of dispositional and epistemological differences in the
group reflections carried out at the end of each day
(Figs. 8 and 9). Figure 8 illustrates that students identified
a range of learning outcomes from the module about dis-
positional differences including trust within a team, moti-
vation can be more important than skills and knowledge,
self-awareness and awareness of others, intentional when
building cooperation, and each other. The studentsTa
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identified listening, collaborating, sharing personal infor-
mation, and the reflections as activities that provided op-
portunities to apply their knowledge of dispositional dif-
ferences and practice collaborative skills. One uninten-
tional opportunity that students identified as important
was informal discussions during transportation to and
from the field trip during the morning workshop sessions.

Figure 9 illustrates that students identified a range of learn-
ing outcomes from the epistemic toolbox module including
ways to facilitate productive communication, fruitful debate
over disagreement, shared challenges as students, shared
challenges as researchers, personalities and group size mat-
ters, role of hypotheses, purpose of research, transparency
versus objectivity, useful versus meaningful, epistemology,
and learn about each other. The students identified the tool-
box project, the group discussion, structured dialogue,

reflection, and social arrangements (such as the shared
lunches) as opportunities to practice collaboration skills and
apply their knowledge of both dispositional and epistemolog-
ical characteristics.

Post-workshop evaluation survey Responses from all thirteen
participants in the post-workshop evaluation survey indicated
that the three modules were highly to very highly valued
(Fig. 10a and b). In the context of future team activities, all
participants indicated that they were confident to highly con-
fident that the workshop provided them with the ability to (1)
recognize the importance of differences in behavioral charac-
teristics and motivational drivers of teammember and adapt to
them; (2) acknowledge the importance that different sources
of knowledge can have on team success; and (3) communicate
across disciplinary boundaries (Fig. 11). Participants were

Fig. 7 Summary of the retrospective pre- and post-intervention for the dispositional characteristics and the team environment session

Table 3 Summary of RPPE survey data

When considering the success of your team and all that is involved in creating success, how important are the following: Pre-module
Mean/SD
n = 11

Post-module
Mean/SD
n = 11

1. Knowledge of the behavioral styles and motivational drivers of your teammates 3.8 (SD = 0.4) 4.7 (SD = 0.5)

2. Knowledge of self 4.3 (SD = 0.8) 4.9 (SD = 0.6)

3. Your ability to adapt to your teammates 4.0 (SD = 0.6) 4.6(SD = 0.5)

4. Creating a shared vision 4.3 (SD = 0.5) 4.9 (SD = 0.3)

5. Intentionally investing time to build personal relationships with your teammates 4.0 (SD = 1.0) 4.8 (SD = 0.4)

6. Communicating your strengths and weaknesses with your teammates 3.3 (SD = 0.6) 4.4 (SD = 0.5)

7. Using personal behavioral and motivational assessments in the development of interdisciplinary teams 3.3 (SD = 0.5) 4.5 (SD = 0.7)
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much more confident in their abilities to understand differ-
ences than they were in their abilities to adapt and communi-
cate across these differences.

Discussion and conclusion

Knowledge of team member composition As contemporary
society seeks solutions to the many wicked problems it faces,
effective collaboration and teamwork are required. It is urgent
that higher education improve its pedagogical approaches to
prepare students to effectively participate in collaborative in-
terdisciplinary and transdisciplinary partnerships as well as
meet workforce needs for collaboration skills (Fiori et al.
2018). A key component to preparing students to effectively
participate on teams is to provide themwith the opportunity to
learn about the important impact that the dispositional and
epistemological characteristics of team members can have
on team processes. These characteristics are fundamental in-
put parameters into any team, and diversity among teammem-
bers is important for team effectiveness (Marks et al. 2001;
Salazar et al. 2012; Driskell et al. 2018; Mathieu et al. 2018).
The participants in the EMBeRS workshop have begun their
journey to understanding the importance of learning to navi-
gate and negotiate dispositional distances (Fig. 2) and other
forms of compositional diversity (Fig. 1) as part of collabora-
tive processes.

Evidence from the RPPE indicated that the student’s
perceptions about the importance and influence that the
dispositional and epistemological characteristics of team
members can have on team processes changed as a result
of the educational intervention provided by the three mod-
ules (Tables 3 and 4). The extent to which participants
valued the sessions on dispositional characteristics and
disciplinary culture (Fig. 10) supports the important role
of the learning modules in the workshop. The results also
demonstrate the important role that reflection and discus-
sion of dispositional and epistemological differences in
the pedagogy used helped to develop collaboration skills.
A key element of the design of the modules was the
shared experience that the students had employing infor-
mation from two survey instruments (TriMetrix® and
Toolbox Survey). The person-to-person interactions and
discussions of these boundary objects (objects that
facilitate communication between people; Star and
Griesemer 1989) are important to helping participants
transition their individual tacit knowledge into more ex-
plicit knowledge about themselves (Dampney et al. 2002).
Participants recognized the importance of using behavior-
al and motivational assessments as tools that can be used
for building interdisciplinary teams (Fig. 7).

Another element of the design that supported learning
about dispositional and epistemological differences (asTa
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discussed in the group reflections) was the creation of team
maps (e.g., Figs. 4 and 5). These maps illustrated individual
dispositions, and the blending materials provided information
about how differences between individuals might manifest
themselves and be enacted during group work. In the module

on epistemological differences, an element of the design that
was important was the use of the talking stick, which encour-
aged active listening and allowed participants the time to ex-
plain their individual perspectives.

Fig. 8 Shared representation from the group reflection about the learning outcomes, learner activity, and design for day 2

Fig. 9 Shared representation from the group reflection about the learning outcomes, learner activity, and design for day 3
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Importance of process Collaboration, in its simplest form, is
the process of working with another person or group of
people to create, produce, or complete a task. This
sounds simple, leading to the faulty assumption that
effective collaboration can occur without training or in-
struction. One of the characteristics of effective collab-
oration is that it is emergent and takes time to develop
(Friend and Cook 1996; Gosselin 2015). Collaboration
emerges and grows as relationships develop among team
members. Key considerations for productive collabora-
tion to emerge were identified during the end-of-the-
day group debriefings (Figs. 8 and 9) and included the
importance of taking time to learn about team member

characteristics—personalities, behaviors, their research,
motivations, values, talents, and interests. Taking this
time to create a safe environment that encourages the
development of trust and respect is crucial for the pro-
cess of developing effective teams (Lencioni 2002).

Emergence can be intentionally facilitated using a
variety of processes. One of the unique attributes of
the EMBeRS workshop is that the participants explicitly
used a process that incorporated opportunities for them
to explore dispositional characteristics and disciplinary-
based cultural perspectives in the early stages of the
relationship-building process. Implementation of a par-
ticipatory engagement process that included group

Fig. 10 Summary of the value
placed on the session related to
dispositional characteristics (a)
and disciplinary culture (b)
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reflection increased awareness of the participants’ own
characteristics and those of others in the team (Killion
et al. 2018). The importance of having an intentional
process (Fig. 11) for participants to explore the charac-
teristics of themselves and their teammates is important
to the emergence of collaboration in IR teams (Marks
et al. 2001, Salazar et al. 2012, Gosselin 2015, Driskell
et al. 2018, and Mathieu et al. 2018). The process used
in the modules could be modified by others for educa-
tional initiative to demonstrate and teach how to facili-
tate effective IR team collaboration.

Participant confidence Data from the modules and workshop
evaluation surveys and analysis of the student reflections in-
dicate that the modules were valued (Fig. 10). They contrib-
uted to the students’ confidence in their abilities to understand
the differences in dispositional and disciplinary cultures of
their teammates (Fig. 8). The modules enhanced the students’
recognition of the important role that understanding and
awareness of their own dispositional characteristic as well as
those of their teammates have on the development of an ef-
fective team (Fig. 7). More importantly, these modules con-
tributed to a generally high level of confidence in the students’
abilities to adapt to differences among team members and to
communicate across disciplinary boundaries in the future
(Fig. 11). The students recognized the importance of the over-
all intentionality of the process, the intentionality of the com-
munication strategy employed, and effective collaboration is
an emergent property of a team (Killion et al. 2018).

A basic tenet of any successful educational intervention
is that the participants valued the experience and that it
increased their self-efficacy beliefs—i.e., the confidence
that one can perform the action successfully (Bandura,
1986, 2001). This, in turn, leads to a “core belief that one
has the power to produce effects by one’s actions”
(Bandura, 2001, p. 6). Continuing self-reported use of the
EMBeRS approach by all the workshop participants in other
aspects of their professional lives (Pennington et al. submit-
ted) provides evidence that the modules and the EMBeRS
workshop provided participants with the confidence to em-
ploy the approach in other situations (Killion et al., 2018;
Pennington et al., 2018; Shew, 2018).

Although the implications for the generalizability of this
research are limited by the small number of participants
(13), the calculated effect sizes indicate that the meaningful
change occurred as a result of the training provided through
the three modules in the context of the EMBeRS workshop.
Based on their experiences, the participants recommended
embedding integrative research training into all existing grad-
uate programs and coursework. This integration would facil-
itate the understanding of epistemological frameworks and
prioritize teaching team science skills and methods to help
students learn to navigate dispositional differences (Killion
et al. 2018). This suggests that creating opportunities for stu-
dents to explore processes, interactions, and resources related
to dispositional and epistemological characteristics should be
included in graduate and undergraduate educational experi-
ences. Additional workshops are needed as well as testing of

Fig. 11 Summary of the confidence level that participants of the workshop (n = 13) had in understanding and adapting to the dispositional and
disciplinary cultures of a team as a result of training
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the modules in different contexts to improve understanding
and evidence of effectiveness. Broader dissemination of the
three modules for interdisciplinary learning including options
for online offerings is a future challenge for this group.
Continued research into the complexity of interdisciplinary
learning, including the role of boundary negotiating objects
and reflective practice, is also needed.

The information presented in this paper supports the conclu-
sion that the three dispositional and epistemological character-
istics modules were a successful educational intervention. They
successfully scaffolded the learning that allowed participants to
become confident in their ability to apply what they had
learned. Given multiple opportunities to observe how these
differences could be used productively, the workshop partici-
pants used them to create opportunities for collaboration instead
of barriers to productive collaboration. They valued these ex-
periences and were more confident in their ability to adapt to
different collaborative contexts. This work has implications for
team science more broadly as scientists need the skills to iden-
tify and embrace our dispositional and epistemological differ-
ences and use them to develop solutions to wicked problems.
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