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Abstract

Introduction: Interdisciplinary academic teams perform better when competent in teamwork;
however, there is a lack of best practices of how to introduce and facilitate the development of
effective learning and functioning within these teams in academic environments. Methods: To
close this gap, we tailored, implemented, and evaluated team science training in the year-long
Engineering Innovation in Health (EIH) program at the University of Washington (UW), a
project-based course in which engineering students across several disciplines partner with
health professionals to develop technical solutions to clinical and translational health chal-
lenges. EIH faculty from the UW College of Engineering and the Institute of Translational
Health Sciences’ (ITHS) Team Science Core codeveloped and delivered team science training
sessions and evaluated their impact with biannual surveys. A student cohort was surveyed prior
to the implementation of the team science trainings, which served as a baseline. Results: Survey
responses were compared within and between both cohorts (approximately 55 students each
Fall Quarter and 30 students each Spring Quarter). Statistically significant improvements in
measures of self-efficacy and interpersonal team climate (ie., psychological safety) were
observed within and between teams. Conclusions: Tailored team science training provided
to student-professional teams resulted in measurable improvements in self-efficacy and inter-
personal climate both of which are crucial for teamwork and intellectual risk taking. Future
research is needed to determine long-term impacts of course participation on individual
and team outcomes (e.g., patents, start-ups). Additionally, adaptability of this model to clinical
and translational research teams in alternate formats and settings should be tested.

Introduction

There is a strong foundation of theory and data demonstrating the need for interdisciplinary
teams to be competent in the principles of teamwork [1,2]. Interdisciplinary teams that have
alignment and a shared understanding of goals, processes, and roles and strong interpersonal
skills and relationships have been found to be more productive and generate research that is
more innovative and impactful (i.e., highly cited) compared to research published by authors
within a single group or discipline [1,3-5]. At the same time, challenges encountered by inter-
disciplinary teams have been well documented and include the lack of a common vocabulary,
poor communication, and misaligned coordination resulting in duplicated efforts, delays, and
frustration [1].

The need for effective teams and team training has long been a focus in business, military,
and industry settings and is an increasing focus in translational research and healthcare [1]. It is
widely accepted that the challenges faced by teams across contexts are similar and thus that
interventions to improve teamwork are likely generalizable to a variety of settings [6-8].
Meta-analyses of team training interventions also conclude that team training can improve team
effectiveness [7,8]. However, there remains great heterogeneity in teamwork and collaboration
terms, measurements, and frameworks that make it difficult to synthesize the evidence in this
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area. There is consequently a lack of best practices of how to intro-
duce and facilitate the development of effective functioning within
interdisciplinary teams, including newly formed teams and teams
of students and health professionals (which we hereafter refer to as
student-professional teams) in educational settings [9]. To address
these gaps, we codeveloped, implemented, and evaluated a context-
specific team science curriculum for student-professional teams in
an existing year-long project-based Engineering Innovation in
Health (EIH) program at the University of Washington (UW).
The purpose of this manuscript is to report on our efforts to foster
individual and interpersonal team learning and thereby enhance
effectiveness among new EIH teams with the overarching goals
of accelerating clinical and translational research and improving
health. This approach is consistent with group process team learn-
ing models articulated by Edmondson et al. wherein team learning
and performance both influence and are influenced by the individ-
uals within a team and that team’s interpersonal climate [10,11].

Background

The UW Institute of Translational Health Sciences (ITHS) Team
Science Core has the goal of carrying out research and training in
team science [12]. Team science is defined as “scientific collabora-
tion (i.e., research conducted by more than one individual in an
interdependent fashion), including research conducted by small
teams and larger groups” [1] and “a collaborative effort to address
a scientific challenge that leverages the strengths and expertise of
professionals trained in different fields” [13]. The ITHS Team
Science Core is composed of educators and researchers with exper-
tise in team science, interprofessional education, lean project man-
agement, faculty development, collaborative practice, leadership,
nursing, health services research, and engineering. This ITHS
Core is working with 3 interdisciplinary groups in diverse clinical
and translational settings (e.g., education, clinical, and research) to
develop and evaluate team science training. One of the education
groups this Core is working with is UW’s EIH program.

EIH is a highly-rated three-quarter longitudinal academic pro-
gram in the College of Engineering at the UW that promotes inter-
disciplinary collaboration between engineering and the health
sciences (https://eih.uw.edu). The focus of the EIH program is
to develop innovative technical solutions to pressing clinical and
translational health challenges. Undergraduate and graduate stu-
dents across engineering disciplines (e.g., mechanical, electrical,
human-centered design, bio, chemical, and materials science)
are partnered with health professionals (e.g., physicians, nurses,
dentists, pharmacists) to solve unmet health challenges. Unmet
health challenges are proposed each year by health professionals
and, if selected, health professionals agree to spend 1-3 hours/week
working on the project with student teams. The program follows a
need-based design philosophy that begins with an unmet health
need and examines the stakeholders, market opportunity, intellec-
tual property, FDA regulations, and reimbursement [14]. Teams of
3-5 students work closely with the health professionals who pro-
posed the topic to develop a deep understanding of the unmet
health need in the first quarter and then develop a functional
prototype, intellectual property, and an early-stage business plan
in the second and third quarters of the academic year. Prior to
the collaboration between the EIH program and the ITHS Team
Science Core, teams received guidance on improving functioning
on a case-by-case basis, and often after challenges had arisen. Each
year of the program, while the majority of teams were successful in
achieving course goals, EIH faculty observed some teams struggle
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without a clear difference in team composition or project promise.
Further, EIH faculty observed that teams that appeared to be high
functioning had better outcomes than those that appeared to func-
tion poorly (e.g., projects continuing from Fall to Winter/Spring
and beyond the course, quality of innovation, likelihood of meas-
urable outputs). For these reasons, the EIH faculty embraced the
opportunity to partner with ITHS to test and evaluate the integra-
tion of purposeful team science training into the curriculum to
strengthen an already strong translational program using a col-
laborative, appreciative inquiry approach [15].

Methods
Nomenclature

The EIH program is comprised of sequential courses across the
academic Fall, Winter, and Spring quarters, which we hereafter
refer to as Q1, Q2, and Q3 for the respective quarters. We refer to
the first year of the study as Year 0 (YO0) or the baseline year.
During the baseline year, observations and surveys took place but there
was no team science training implemented in the course. Team science
training was incorporated during the second year of the study, which
we refer to as Year 1 (Y1) or the team science training year.

Baseline Data Collection and Needs Assessment

In the baseline year, we conducted classroom observations and
developed and administered surveys to the students about their
experiences working in past teams as well as with their current
EIH project teams. Observers were members of the Team
Science Core and utilized a semi-structured observation tool to
gather information about the course content and approach. In
addition, observers noted areas where team science concepts were
already present and could be amplified or where they were not
clearly present and could be beneficial to EIH teams over the
course of their projects and the academic year. Survey questions
were adapted from existing translational team competency
domains and previous surveys developed by the Team Science
Core and the National Cancer Institute’s (NCI) Team Science
Toolkit Tool Library [16-22]. Specifically, from the NCI Team
Science Toolkit, question stems from the Research Collaboration
Survey and the Interpersonal Collaboration Survey were tailored
to this study after course observations [17]. A focus of our efforts
was to identify questions that could be used to gather information
about student’s self-efficacy for working in teams and also to assess
interpersonal team climate (i.e., psychological safety) over the
course of the academic year. Self-efficacy is defined by “people’s
beliefs about their capabilities to produce effects,” and self-efficacy
to work in teams is an important aspect of teamwork [6,23]. Team
climate questions focused on aspects of interpersonal collaboration
that align with the concept of psychological safety, including trust
and information exchange [11,24]. Face validity for questions was
assessed through consultation with experts in evaluation and team
science. Content validity was tested by ETH faculty, teaching assistants
and members of the ITHS Team Science Core. Minor adjustments
were made to the questions to be suitable for the EIH course and
the student population [25]. Final survey questions were a mix of
Likert-type and short answer and included questions about student
sociodemographic characteristics (see Appendix A for the surveys).

Observations and surveys from the baseline year (Y0) con-
firmed course evaluation data that indicated that the course was
highly interactive and well-liked by the majority of students, as well
as revealed opportunities for integration of team science content in
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Fig. 1. A timeline of team science training.

specific areas of the EIH curriculum. Baseline data and a proposed
list of team science topics and approaches was shared with EIH fac-
ulty, who also participated in the annual ITHS Team Science Boot
Camp training. EIH faculty and members of the Team Science
Core discussed the baseline survey results and potential topics
and approaches and agreed upon a plan for integrating team sci-
ence content and approaches for the intervention year (Y1). Topics
included: building trust and mutual respect among team members,
effective communication, time/project management, conflict reso-
lution, and recognizing the diverse strengths of team members.
Given the focus in the team science literature on the importance
of shared team processes and the value of reflection, an overarching
theme of the team science intervention was to create opportunities
for planning, action, and reflection as a team [1,24,26].

After the baseline year, members of the Team Science Core
delivered the team science training content, while EIH faculty
observed. This approach, in addition to attending the Team
Science Boot Camp training, prepared EIH faculty to deliver team
science training in subsequent years. The student training approach
was highly interactive with short (15-minute or less) didactic content
followed by facilitated exercises (application of content). This struc-
ture was informed by experiential learning and social learning theories
[27,28]. The freely available library of Liberating Structures [29] was
used to plan the interactive portions of team science sessions (see
Appendix B for session and tool details). The timing of team science
training sessions was planned to support both individual and team
learning at key points in the year.

The evaluation surveys were administered to students at the end
of Q1 and Q3 for both baseline and team science training years
(Fig. 1). The Q1 survey asked students to respond to questions
about their previous experiences working in teams and experiences
working with their EIH project team during Q1. In contrast, the Q3
survey asked students to respond to questions about their experi-
ences working with the EIH project team through the remainder of
the 3-quarter program.

Delivery of Team Science Training Sessions

The team science training sessions were integrated with the EIH
curriculum throughout Y1. For example, early in Q1, as the EIH
students were building a critical foundation in engineering design
through need analysis and customer discovery, the team science
session for team formation was delivered in class as part of a lec-
ture. Example activities for team formation included developing
team agreements [30] and drafting a welcome letter [31] for the
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student-professional teams to establish expectations and map
out goals for the project. As the course progressed through Q1, stu-
dents learned about and explored various external design consid-
erations (e.g., market, intellectual property, regulatory, and
reimbursements). Midway through Q1, a team science training
session on ‘Giving and Receiving Feedback’ was delivered in class
just prior to midterm presentations in which teams presented their
findings to their peers. Three team science sessions were delivered
in the class each quarter. More information regarding each session
can be found in Appendix B. Figure 1 shows a timeline of when the
team science sessions were implemented and delivered throughout
the ETH program. As noted previously, team science sessions were
facilitated by members of the ITHS Team Science Core.

Assessment and Evaluation of Teams and Team Science
Sessions

We administered the Q1 survey at the end of the quarter. Students
were asked to think about their team experience prior to EIH and
rate how capable they were to “speak up in team meetings,” ‘advo-
cate for multiple points of view,” “resolve conflicts with peers and
other collaborators,” and other statements related to self-efficacy
(the full list of statements is provided in Appendix A). The surveys
used a 5-point Likert-type scale from “not at all capable” to “very
capable.” Students were also asked to respond to the same ques-
tions in regards to their team experience after participation in
EIH and working with their project team. We also asked students
to rate their level of agreement with statements related to the inter-
personal climate of their EIH project team. Q3 surveys (adminis-
tered at the end of Q3) again asked students about their capability
to work effectively in their project teams and about their team’s
interpersonal climate (i.e., psychological safety).

The surveys were administered online via REDCap [32,33]. Those
who did not respond or who indicated that a component of the ques-
tionnaire was “not applicable” were excluded from analysis of that
particular section. Because survey responses were anonymous, linking
individual responses between periods (e.g., YO, Q1 and Q3) was not
possible. Additionally, the student groups between YO0 and Y1 were
independent as students only take the course one time.

Data Analysis

We used descriptive statistics to summarize student demo-
graphics and survey responses within and between years. We
did not conduct a power analysis beforehand as the total class
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Table 1. Gender, education level, and prior group project experience of the EIH students

Y0 (baseline)

Y1 (team science training)

Q1 (N =57) (%)

Q3 (N =35) (%)

Q1 (N=53) (%) Q3 (N=30) (%)

Response rate 100 100 96 100
Gender

Male 63 66 62 67

Female 32 23 30 27

Prefer not to say 5 11 2 7
Level

Undergraduate 47 54 70 7

Graduate 47 40 26 17
Prior group project experience

High school classes 72 75

College (# eng.) 7 75

College (= eng.) 96 94

Work or volunteer 63 68

N/A 0 0

Prior group project experience was only asked in the Q1 survey.

Note that at the end of Q1, projects and students are down-selected to roughly half for each, thus the class size, N, is smaller in Q3.

population was included in the study. Median and interquartile
range (IQR) of responses to Likert-type questions were calcu-
lated, in accordance with appropriate approaches for analysis
of this type of skewed Likert-type response data [34-38]. We
reported median as the measure of central tendency for these
analyses as opposed to the mean which is sensitive to outliers.
Survey results for Likert-type questions were compared between
quarters (e.g., YO, Q1 vs Q3) to show the changes in individual
self-efficacy and interpersonal team climate throughout the
year. In addition, survey results were compared between years
(e.g., YO vs Y1) to determine if there were differences in team
functioning between baseline and team science training years.
Mann-Whitney U Tests (independent samples of Wilcoxon
Rank Sum Tests) were used to test these comparisons.

Human Subjects

All study activity was carried out in accordance with approved eth-
ical guidelines and was deemed exempt from the Institutional
Review Board and Human Subjects Division at the UW.

Results
Student Demographics across Years

The demographics of students who responded to the surveys are
provided in Table 1 for YO (baseline year) and Y1 (team science
training year). Note that the number of students varies each pro-
gram year and from Q1 to Q3 of each program year (not all stu-
dents continue in the program after the fall introductory quarter).
However, in all quarters, response rates were very high
(96%—-100%). In both years, approximately two-thirds of students
identified as male. A slightly higher proportion of male-identifying
students continued in the program for the entire year relative to
students who identified as female. In Y1, a higher proportion of
students were undergraduate students than in Y0. In the Ql
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surveys, students were asked to select the types of settings in which
they had worked on group projects prior to participation in EIH.
This data provides insight into the context from which students
entered the EIH program. Despite the differences in demographics
in the student composition between YO0 and Y1, Table 1 shows a
relatively comparable level of prior group project experience across
the years, with over 90% of students reporting prior group expe-
rience in engineering at the college level. The high proportion of
students reporting previous experience working on teams was
expected because all of the students were either enrolled in a
graduate engineering program or in their fourth year of engineer-
ing education. All students reported some experience working in
groups or teams. Table 1 summarizes results from cohorts across
the years and suggest a high degree of similarity regarding the stu-
dent’s team experiences between the cohort years.

Individual Self-Efficacy Working with Project Teams

Given that all students had group project experience prior to join-
ing EIH (Table 1), we asked students to rate their self-efficacy
working on project teams and evaluated the differences before,
during, and after participation in EIH. This assessment provides
insight into improvements in self-efficacy each year. Table 2 shows
median and IQR for each of the eight self-efficacy statements. Self-
efficacy was rated at a median of four or five by most students at all
time points with improvements from the beginning to the end of
the year during both years. Specifically, during the baseline year,
the number of statements having a median of five increased from
two to four, whereas during Y1 the number of statements having a
median of five increased from one to eight.

Within Years Comparison

During Y0, from Q1 to Q3, improvements were statistically signifi-
cant using a Mann—Whitney U test for only one self-efficacy state-
ment about capability to “clarify language differences across
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Table 2. Median and interquartile range (IQR) of responses to self-efficacy statements during Y0 (left column block) and Y1 (middle column block) and comparisons within
and between years using Mann-Whitney U tests (shaded columns)

. Clarify language differences
across disciplines/
back-grounds

2. Collaborate with team 4 (1) 4 (1)
members with different
working styles

3. Have your voice heard in 4 (1) 5(1)
team meetings

4. Advocate for multiple 4 (1) 4 (1)
points of view

5. Resolve conflicts with peers 4 (1) 4 (1)
and other project collabo-
rators

6. Recognize team members’ 4 (1) 4 (1)
strengths

7. Effectively contribute in 5(1) 5(1)

team meetings

8. Speak up in team meetings 5(1) 5(1)

Responses are based on students reporting their level of self-efficacy on a 5-point Likert-type scale from “not at all capable” (1) to “very capable” (5).
P-values are derived from independent samples Mann-Whitney U Tests; P-values are only shown for statistically significant differences.

disciplines/backgrounds” (Q1 median=4, Q3 median=>5;
z=-2.34; P =0.02). In contrast, during Y1, there were statistically
significant improvements from Q1 to Q3 for all eight self-efficacy
statements following team science training (Table 2).

Between Years Comparison

When comparing “Q1 before” medians between YO and Y1, there
were no significant differences, suggesting that these groups were
similar prior to participation in the EIH program. When compar-
ing Q3 responses between YO and Y1, statistically significant
improvements were identified for three self-efficacy statements:
“advocate for multiple points of view, ‘having your voice heard
in team meetings,” and collaborating with team members who have
different working styles.” A visual comparison of responses to
statements related to self-efficacy illustrates higher rates of stu-
dents responding “very capable” for all statements in Y1 compared
to YO at the time of the Q3 surveys (Fig. 2).

Interpersonal Team Climate

Students were asked to rate their level of agreement with ten state-
ments related to interpersonal team climate (i.e., psychological
safety) at the end of Q1 (after they had worked with their ETH team
for the first quarter) and at the end of Q3 (after they had worked
with an EIH team for three quarters). Table 3 shows median and
IQR for agreement with each statement.

Within Years Comparison

Similar to the results for self-efficacy (Table 2), median agree-
ment scores were relatively high with a median of four or five
for all statements at each time point within each year. There
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were no significantly different changes in agreement about team
climate from Q1 to Q3 during either year.

Between Years Comparison

When comparing Q1 between YO0 and Y1, there were statistically
significant improvements in agreement with three statements: “our
project team has a climate of collaboration and trust, ‘I had a desire
to know my teammates on a personal level,” and communication
with my team members outside of class was easy.” When compar-
ing Q3 between Y0 and Y1, there was only one statement for which
there were statistically significant improvements “our project has a
climate of collaboration and trust” (Y0/Q3 median=4, Y1/Q3
median= 4.5, z=-2.03, P=0.04). A visual comparison of
responses reveals a shift toward higher levels of agreement (and less
disagreement) with these statements at the end of (Q3) Y1 com-
pared to YO (Fig. 3). For example, in Fig. 3, for statement 2
“Our team has a climate of collaboration and trust” saw a decrease
from 2.9% to 0.00% in the proportion of respondents who dis-
agreed with this statement and an increase of 21% in the propor-
tion of respondents who indicated “strongly agree” in Yl
compared to Y0. In each case, except for question 4 “having a suc-
cessful project was a priority for me,” the proportion of respon-
dents who indicated agree or strongly agree increased and the
proportion that indicated neutral, disagree, or strongly disagree
decreased (in several cases to zero).

Utility of Team Science Sessions

After completing the EIH program with the team science train-
ing sessions in Y1, students were asked to indicate the extent to
which the team science sessions assisted the project team to
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Table 3. Summary of responses - team climate statements (median and interquartile range (IQR)) during Y0 (left column block) and Y1 (middle column block) and
comparisons within and between years using Mann-Whitney U tests (shaded columns)

. Communication with my team
members outside of class was easy

2. Our project team has a climate of 4 (2) 4 (1)
collaboration and trust

3. I had a desire to know my 4 (2) 4(2)
teammates on a personal level

4. Having a successful project was a 5(1) 5(1)
priority for me

5. | felt comfortable giving my team 4 (1) 4 (1)
members feedback

6. | was comfortable showing gaps in 4 (1) 4(1)
my knowledge with my team

7. Our project team has been suc- 4 (1) 4 (1)
cessful working together

8. | felt comfortable receiving 5(1) 5(1)
feedback from my team members

9. Building effective relationships 4 (1) 4 (1)
with my team members was a
priority for me

10. Team members on my project 4 (2) 4 (1)
had a high level of mutual trust

4.5 (1.5)

5 (1.5)

4(2)

5(1)

5(1)

5(1)

5(1)

5(1)

4(1)

4(2)

Responses are based on students reporting their level of agreement on a 5-point Likert-type scale from “strongly disagree” (1) to “strongly agree” (5).

YO (lower rows) and Y1 (upper rows)

1. Clarify language differences across disciplines/back-grounds e

2. Collaborate with team members with different working styles e ——

3. Have your voice heard in team meetings i

4. Advocate for multiple points of view o —

5. Resolve conflicts with peers and other project collaborators

6. Recognize team members' strengths

7. Effectively contribute in team meetings

8. Speak up in team meetings

0%

25% 50% 75% 100%

mNot at All Capable = Somewhat Incapable = Neither Capable nor Incapable = Somewhat Capable ®Very Cabable

Fig. 2. Avisual comparison of responses to statements related to self-efficacy between Q3 for YO (lower rows) and Y1 (upper rows). Responses are based on students reporting

their level of capability on a 5-point Likert-type scale.

become more efficient (i.e., well-organized, minimum wasted
effort, reaching milestones in a timely manner); effective (i.e.,
successful in producing desired or intended result, completing
milestones); and successful in carrying out the project together.
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Figure 4 shows the mean of the student responses on a 5-point
Likert-type scale from “not at all helpful” (1) to “very helpful”
(5) for evaluating the helpfulness of team science sessions and
shows that overall students found the sessions to be helpful.
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1. Communication with my team members outside
of class was easy u

2. Our projectt eam has a climate of collaboration
and trust

3. | had a desire to know my teammates on a
personal level

4. Having a successful project was a priority for me

5. | felt comfortable giving my team members
feedback M

6. | was comfortable showing gaps in my knowledge
with my team

7. Our project team has been successful working
together

8. | felt comfortable receiving feedback from my
team members

9. Building effective relationships with my team
members was apriority for me

10. Team members on my project had a high level
of mutual trust

0%

m Strongly disagree

YO (lower rows) and Y1 (upper rows)

25% 50%

\,
3
X
=
o
3
R

Disagree Neutral Agree

Fig. 3. Avisual comparison of Q3 responses to statements related to interpersonal team climate between YO (lower rows) and Y1 (upper rows). Responses are based on students

reporting their level of agreement on a 5-point Likert-type scale.

Successful in carrying out
your project together

Effective

Efficient

Not at all helpful

Slightly helpful

29+0.7

28+0.6

Moderately helpful Helpful Very helpful

Helpfulness of Team Science tools/sessions

Fig. 4. Helpfulness of team science sessions for team efficiency, effectiveness, and success as reported by students at the end of Y1. Responses are based on student reporting

level of session helpfulness on a 5-point Likert-type scale.

Discussion and Summary

Baseline data from YO observations and surveys provided an
opportunity to study EIH teams without any intentional team sci-
ence content. We observed from the baseline data that even with-
out intentional team training, improvements in self-efficacy were
made over the course of the year-long program, showing that many
participants in this popular program build their teaming skills with
or without team science training. Improvements in the student’s
self-efficacy were noticeably enhanced with team science training
as demonstrated by statistically significant improvements from Q1
to Q3 for all eight of the self-efficacy questions during the team
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science training year. We also identified improvements in several
team climate questions that focused on interpersonal aspects of the
teams. In particular, when comparing the baseline and team sci-
ence training years, we identified statistically significant increases
at the end of both Q1 and Q3 for the question “Our team has a
climate of collaboration and trust.”” This question aligns with
the concept of psychological safety as described by Edmondson
et al. [10,11,24].

Changes to answers on the negative end of the Likert-type scales
for both self-efficacy and team climate were also observed and are
an intriguing area of future study. For example, in Fig. 3, we see
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substantial changes in statements related to team communication
and giving and receiving feedback. In the baseline year, 3% strongly
disagreed, 14% disagreed, and 20% were neutral (total 37%) in
response to the statement “I felt comfortable giving my team mem-
bers feedback.” In contrast, in Y1 no respondents disagreed or
strongly disagreed with this statement and only 23% (total 23%)
responded that they were neutral. This suggests that the team sci-
ence training content and opportunities to practice giving and
receiving feedback helped lead to these results. Looking ahead in
team science training, explicitly tracking changes in “negatives”
that are known to challenge effective teamwork will likely be an
important approach.

We noted instances in which improvements from team science
training were not as substantial as we expected. One likely explan-
ation for this, known as the Kruger-Dunning effect [39], is that stu-
dents in the baseline year may have responded more confidently to
survey questions when they did not know the team science prin-
ciples/material, whereas those who were introduced to the team
science content may have responded with more moderate confi-
dence in themselves as they became both more skilled and more
self-aware. These findings are consistent with other literature
about training effects [39] and suggest that, following team science
training, students may have more informed views of their own and
their team’s effectiveness and more realistic expectations about
next steps for their projects. For example, following Y1, fewer stu-
dents indicated that they planned to continue working together in a
team than in previous years, but a higher proportion of those teams
did continue working together (see Appendix C for expected
project outcomes). This presents challenges to objectively compar-
ing survey responses between the baseline and team science train-
ing years and future studies would be strengthened by addressing
these measurement challenges (i.e., with a control group and/or in
the use of mixed methods).

In addition to the survey-based evaluations that we carried out
in both the baseline and team science training years, we have iden-
tified several areas in which teams appear to be on track to dem-
onstrate measurable improvements in program outcomes such as
number of provisional patents submitted, start-up companies
formed, teams continuing to work together, and funds raised
(see Appendix C). For example, in our preliminary analyses,
we have found that since 2013, the year in which the EIH pro-
gram was founded, on average one team out of eight each year
submitted a patent application, formed a startup, or carried pro-
jects through to clinical applications. In contrast, in the year
after implementing the team training, four teams have submit-
ted patent applications, are in the process of forming a startup,
or are now working closely with health care professionals and
device experts to evaluate devices for clinical use. These prom-
ising preliminary reports should be further studied in a longi-
tudinal manner. Changes may carry increased significance
since the team science trainings resulted in less in-class time
for the teams to conduct traditional design, prototyping, and
engineering analysis, which was typically incorporated into
the team work time following delivery of lecture.

We acknowledge limitations of both our data and methods that
influence rigor and generalizability. This effort was carried out in a
real-world educational setting where it was not practical to identify
concurrent control and intervention groups within the same ETH
cohort. To mitigate this, we collected data for a year prior to the
introduction of team science content and have used that data as
a comparator for the intervention year. Demographic data demon-
strate similarities between the two cohorts (Table 1), and minimal
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changes to the engineering content increase the likelihood that the
changes that we identified were due to the implementation of team
science training. Anecdotal feedback from EIH faculty and clinical
partners also suggest that teams were more effective after team
training than before. Future studies could be strengthened by hav-
ing a concurrent “control” class or cohort as well as by formally
including clinical partners and/or faculty in evaluation of individ-
ual or team outcomes (i.e., whether they felt the team worked better
or whether their experience was more positive). Another challenge
that we faced was the difficulty in collecting meaningful baseline
data for teams as they were forming. As a result, we collected data
at two time points — the end of the first quarter and the end of the
last quarter of the program and compared data both between and
within years and across years. Due to concerns about survey bur-
den, we only collected data at two time points rather than three
(e.g., at the beginning of Q1). Survey-based self-report research
also presents challenges (including issues of ceiling effects), and
in future studies we hope to utilize more mixed methods
approaches [40,41]. As a first study of team science integration
within engineering education, we have found survey results to
be informative in our own evaluation of the effectiveness of team
science content implementation. We anticipate that the results of
our study to integrate team science training into an existing engi-
neering course will be of value to other engineering programs. We
also anticipate that this model will be relevant to clinical and trans-
lational research teams outside of the classroom setting. Future
studies would also benefit from tracking outcomes over a longer
time horizon to determine if future grants, manuscripts, patents,
or collaborations resulted.

We collaboratively tailored, implemented, and evaluated team
science training content and approaches in an existing year-long
longitudinal engineering program tackling clinical and transla-
tional health challenges at the UW. Team training during the first
year of implementation was well received by students and faculty.
Post-implementation surveys of students demonstrate measurable
improvement in individual self-efficacy and interpersonal team
climate.

In this paper, we describe an innovative model for integrating
team science training within an existing education program — both
in terms of approach and audience — and present preliminary evi-
dence of effectiveness. The collaborative train-the-trainer
approach to adapting, implementing, and evaluating our work
has led to a sustainable model within the EIH program. During
the third year of this effort, EIH faculty led all of the team science
sessions with asynchronous support from the Team Science Core.
This work suggests that this approach is likely sustainable at the
UW and replicable and adaptable to other clinical and translational
research settings and audiences. We tailored existing content from
other team trainings that we have carried out for research, educa-
tion, and clinical teams to this project [18,22,42—44].

While there has been a growing acknowledgement of the need
for team science training for interdisciplinary translational
research teams, we are not aware of any previous studies involving
student-professional teams [45]. In the engineering literature,
multiple programs have incorporated a collaborative student-pro-
fessional design approach to address unmet health needs. Ours
may be the first to intentionally integrate team science training
for student-professional teams and to track student team out-
comes. Our work extends both the team science and engineering
education literature by providing a model for the implementation
and evaluation of intentional integration of team science training
for interdisciplinary student-professional teams. It also adds to the
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nascent body of literature describing team science training models
for clinical and translational teams.

A lack of best practices exists as to how to introduce and facili-
tate development of effective functioning among teams working
together with a common goal (e.g., the EIH project). Replicable
approaches are needed to enhance teamwork competence among
interdisciplinary teams carrying out clinical and translational
work. Here, we describe the collaborative adaption, implementa-
tion, and evaluation of team science content and approaches in
an existing year-long longitudinal engineering program focused
on unmet clinical and translational health challenges. Team sci-
ence training provided to engineering student-professional teams
resulted in measurable improvements in self-efficacy to participate
in interdisciplinary teams and in interpersonal team climate (i.e.,
psychological safety) within those teams.

Supplementary Material. To view supplementary material for this article,
please visit https://doi.org/10.1017/cts.2021.788.
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