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Abstract

Purpose

To summarize characteristics and validity
evidence of tools that assess teamwork
in undergraduate medical education
(UME), and provide recommendations
for addressing the interprofessional
collaboration competencies of the
Association of American Medical
Colleges (AAMC).

Method

The authors conducted a systematic
review, searching MEDLINE, MEDLINE
In-process, CINAHL, and PsycINFO
from January 1, 1979, through April
1, 2014, they searched reference lists
and national meeting abstracts. They
included original research reports
that described a quantitative tool
used to assess teamwork in UME.

They abstracted characteristics and
validity evidence for the tools, plus
study quality, according to established
frameworks. Two authors independently
abstracted 25% of articles and calcu-
lated agreement. Authors then applied
predefined criteria to identify tools best
suited to address the AAMC's teamwork
competencies.

Results

Of 13,549 citations, 70 articles
describing 64 teamwork assessment
tools were included. Of these 64

tools, 27 (42%) assessed teamwork

in classroom, 31 (48%) in simulation,
and only 7 (11%) in actual clinical
settings. The majority (47; 73%) of tools
assessed medical students’ teamwork in
interprofessional teams. On the basis of

content concordance, strength of validity
evidence, generalizability of scores,

and level of outcomes, four published
tools were recommended to assess the
AAMC's teamwork competencies: the
Collaborative Healthcare Interdisciplinary
Relationship Planning Scale, Readiness
for Interprofessional Learning Scale,
Communication and Teamwork Skills
assessment, and Teamwork Mini-Clinical
Evaluation Exercise.

Conclusions

Substantial validity evidence supports
the use of several UME teamwork
assessments. Four tools have been
appropriately designed and sufficiently
studied to constitute appropriate
assessments of the AAMC's teamwork
competencies.

An emerging taxonomy for
competency domains proposed by

the Association of American Medical
Colleges (AAMC)' expands the core
competencies required of physicians,>’ to
include “interprofessional collaboration,”
reflecting broad acknowledgment of

the importance of teamwork across

the medical education continuum.
Further, teamwork is among the 13 core
entrustable professional activities that
medical students are expected to perform

Please see the end of this article for information
about the authors.

Correspondence should be addressed to Rachel D.
Havyer, Division of Primary Care Internal Medicine,
Department of Medicine, Mayo Clinic College of
Medicine, 200 First St. SW, Rochester, MN 55905;
telephone: (507) 284-5163; e-mail: havyer.rachel@
mayo.edu.

Acad Med. 2016;91:865-888.
First published online December 22, 2015
doi: 10.1097/ACM.0000000000001053

Supplemental digital content for this article is
available at http://links.lww.com/ACADMED/A323.

competently prior to entering residency.*
It is also included among the required
graduate medical education milestones®
and among the American Board of
Medical Specialties maintenance of
certification standards.’

Research indicates that effective teamwork
among health professionals may enhance
safety, efficiency, and quality in health
care.”® To achieve these outcomes in
clinical practice, medical schools must
provide rigorous evidence that their
graduates can be trusted to function
collaboratively within health care
teams.*® Although many medical schools
involve students in interprofessional

and team-based learning activities,
curricula frequently lack reliable and
valid assessments of students’ teamwork
competency.'®!! The absence of such
evidence leaves residency programs,
hospitals, and the public uncertain as

to the preparedness of medical school
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graduates for working with teams during
residency training'>"* and medical practice.

We therefore conducted a systematic review
of teamwork assessment in undergraduate
medical education (UME) to identify tools
that medical school faculty and curriculum
planners can use to assess the AAMC’s
proposed interprofessional collaboration
competencies. For each assessment tool

we uncovered, we provided a synthesis

of its characteristics, content, the settings
where it is typically used, and evidence for
its validity. We applied predefined criteria
to the tools in our synthesis to identify
specific tools that are best suited to assess
the AAMC’s teamwork competencies,' and
we have included recommendations for
applying these tools within UME.

Method

We previously conducted a systematic
review of tools used to assess teamwork in
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internal medicine." The primary goal of
this prior review was to examine outcomes
associated with teamwork assessments,
particularly patient outcomes, within

the field of internal medicine. Following
publication of the AAMC’s new taxonomy
for competency domains that emphasizes
interprofessional collaboration,' we
updated and expanded our prior search
strategy to identify teamwork assessment
tools used in UME. We aimed to identify
tools that could be adopted by medical
schools to assess the new teamwork
competencies. This current review differs
from our prior review' in terms of the
primary aim, the inclusion criteria, the
learner group, and the target audience.
This review focuses on medical students
and includes all teamwork assessment
tools used in UME. We intend for the
results and recommendations to help
medical school faculty and curriculum
developers select tools to assess teamwork
among medical students. In contrast, the
prior review' focused on tool outcomes,
was limited to tools used in the field of
internal medicine, and did not include

a description of tools meeting the new
AAMC competency standards for use by
medical schools.

We have reported our results according

to relevant sections of the Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.'
The Mayo Clinic institutional review
board exempted this review.

Data sources and search strategy

We searched MEDLINE, MEDLINE
In-process, the Cumulative Index to
Nursing and Allied Health Literature
(CINAHL), and PsycINFO for English-
language studies from January 1,

1979, through April 1, 2014. We have
previously published details of the
search strategy'* and thus have only
briefly summarized here. We have
provided the full MEDLINE search
strategy in Supplemental Digital
Appendix 1, http://links.lww.com/
ACADMED/A323. With the help of

a research librarian, we combined an
extensive list of search terms, medical
subject headings (MeSH), and keywords
related to teamwork and collaboration
with terms pertaining to measurement
(e.g., instrument, assessment), and

terms pertaining to UME (e.g., student,
interprofessional, multidisciplinary). To
identify unpublished studies, we searched
abstracts dating from 2010 through 2014

866

from national meetings of the AAMC,
the Association for Medical Education

in Europe, the American College of
Surgeons, the Society of General Internal
Medicine, and the International Meeting
on Simulation in Healthcare. We also
searched the reference lists of included
articles for additional citations.

Article selection

We included original research studies
describing a quantitative tool measuring
teamwork in UME. We included studies
of all medical and surgical specialties

and studies in all educational settings

(i.e., classroom, simulation, clinical).

We included studies of collaboration
among interprofessional teams, including
assessments of interprofessional
education—as long as medical students
were participants in the teams. We excluded
studies of interprofessional education that
did not involve medical students because
the aim of this review was to provide
medical school faculty and curriculum
planners with a summary of instruments
that can be used to address teamwork
competencies among medical students.

Data extraction and synthesis

We entered data from the reports into
a structured abstraction form. We
abstracted the following:

+ setting (i.e., classroom, simulation, or
clinical and country),

level of medical students assessed (i.e.,
preclinical, clinical),

« professions of other team members
(e.g., nursing, physical or occupational
therapy, social work),

« instrument structure and content (i.e.,
assessment of individual or whole team,
dimensions of teamwork measured,
number of items), and

elements of study quality (design,
number of institutions involved, types
of outcomes, and validity evidence).

Five of us (R.D.H., M.T.W,,N.I.C,, D.R.N,,
and D.A.R.) reviewed all of the articles.
Each article was independently reviewed
by one of us; we resolved any uncertainties
regarding data extraction through
consensus. Next, someone other than the
initial reviewer abstracted the data again
from 25% of articles. For these 25%, we
calculated interrater agreement using an
intra-class correlation coefficient (ICC).

We categorized the published validity
evidence for each instrument using

an established framework!®'® that has
been used in similar systematic reviews
in medical education.” We categorized
the outcomes of the included studies
according to the Kirkpatrick?® hierarchy:
satisfaction and/or opinion (Level 1),
knowledge and skills (Level 2), behaviors
(Level 3), and patient outcomes (Level 4).

We evaluated the methodological

quality of the included studies, using
criteria from the Medical Education
Research Study Quality Instrument
(MERSQI),?! which has established
validity evidence for content, interrater
agreement, intrarater agreement, internal
consistency reliability, and relation

to other variables.?** We categorized
assessment tools within an evidence table
according to the educational setting (i.e.,
classroom, simulation, or clinical) in
which the tools were applied.

Next, we reviewed all the assessment tools
to identify those best suited to address
the AAMC’s proposed interprofessional
teamwork competencies. To select these
tools, we defined a priori the following
selection criteria based on established
principles for evaluating the construct
validity of psychometric instruments'®:

1. Content validity or concordance
between content of the assessment
tool items and the AAMC competency
language. Content validity reflects
the degree to which assessment
items represent the construct being
measured.'®

2. Strength of the published validity
evidence for the assessment tool.
We derived the evidence for validity
from five sources: content, response
process, internal structure, relation
to other variables, and outcomes.'®
We determined whether or not
each teamwork assessment tool has
demonstrated validity evidence from
each of these sources. We considered
tools with a greater number of sources
of published validity evidence to have
stronger evidence of validity.

3. Generalizability of scores from the
assessment tool, based on published
evidence. We examined the number of
institutions and settings in which each
teamwork tool has been applied within
UME to ascertain the generalizability of
assessment tool scores.
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4. Level of outcomes assessed using the tool,
according to Kirkpatrick’s hierarchy.
Outcomes associated with assessment
scores are one measure of “consequences
validity.”'*'8 We categorized educational
outcomes according to a modified
version of the Kirkpatrick hierarchy
(see above) that has been used in prior
systematic reviews.'>*!

Two of us (R.D.H. and D.A.R.) applied
the above criteria to the included tools,
resolved any disagreements through
iterative discussion, and determined final
tool selection by consensus.

Results

Of 13,549 citations, 70 articles describing
64 teamwork assessment tools met all
inclusion criteria and were included in
the review (see Figure 1; Appendix 1).2~*
Interrater agreement for data extraction
was very good (ICC = 0.80; 95%
confidence interval: 0.54-0.92).

Setting

Of the 70 included studies, 39 (56%)
were conducted in the United States, 15
(21%) in Europe, 11 (16%) in Canada, 5
(7%) in Australia,?”?%*888 and 1 (1%) in

the United Arab Emirates.* Preclinical
medical students were evaluated in

22 studies (31%) and clinical medical
students in 30 (43%); 18 studies (26%)
did not specify the level of medical
student. Of the 64 assessment tools,

47 (73%) assessed medical student
teamwork in interprofessional teams (as
opposed to individuals’ behaviors in or
attitudes about the team).

Methodology and patient outcomes

A minority of the 70 studies (n = 18 [26%)])
included multi-institutional samples. The
most frequently employed study design

was single-group pre- and posttest (n = 29
[41%]), followed by single-group cross-
sectional design (n =22 [31%]). Three
(4%) studies®*”®8! used a randomized two-
group experimental design.

No studies looked at patient outcomes in
association with teamwork assessment.

Teamwork assessments in classroom,
simulation, and clinical settings

Appendix 1 shows each of the 70 studies
describing the 64 teamwork assessment
tools, categorized by the setting in
which the assessment tools were applied
(classroom, simulation, clinical). Of

13,549 Titles/abstracts reviewed

included articles

reference list

professional meetings

12,926 Titles/abstracts identified from
MEDLINE, CINAHL and PsycINFO
16 Articles identified from reference lists of
2 Atrticles identified from expert review of

605 Relevant abstracts identified from

12,613 Articles excluded based

A4

936 Full articles reviewed

on title/abstract review

866 Excluded
336 Not quantitative
measurement of teamwork

A 4

70 Articles included

> 442 Not involving medical
students
88 Not original research

Figure 1 Flow diagram illustrating exclusion and inclusion of articles (published from January 1,
1979, through April 1, 2014) for a review of studies that described a quantitative tool used to
assess teamwork in undergraduate medical education.
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the 64 tools, 27 (42%) were used in the
classroom setting. Of these tools, 21 (78%)
measured students’ attitudes and 2 (7%)
measured knowledge. "> Only 1 study
(4%) assessed teamwork behaviors in the
classroom.®

Simulation was the setting for 31 (48%)

of the 64 teamwork assessment tools.

Types of simulation included role-play,
standardized patients, and technology-
assisted simulation (e.g., simulation using

a mannequin). The majority (21; 68%) of
these simulation-based assessment tools
required direct observation of medical
students’ teamwork skills. These skills
included crew resource management
(adapted from the airline industry, referring
to skills necessary for effective teamwork

in crisis situations) and nontechnical skills
(e.g., leadership, communication, task
management, situational awareness). Eleven
(35%) of the tools used in simulation
settings measured attitude.

Only 7 (11%) of the 64 tools measured
teamwork among medical students within
clinical settings. Five of these tools were
applied in the inpatient setting,®$88%91.92

1 in the outpatient setting,*” and 1 in the
emergency department.” Assessment

of attitudes in the clinical setting was
measured by 6 (86%) tools,** %2 while
only 1 tool, the Teamwork Mini-Clinical
Evaluation Exercise (T-MEX), measured
behavior.®® Six tools (86%) measured
interdisciplinary teams in the clinical
setting.¥~%? Team members included
nurses, physical therapists, chaplains,
social workers, and other allied health staff.

Addressing the AAMC’s proposed
interprofessional collaboration
competencies

Within the common taxonomy of
competency domains proposed by the
AAMC is the domain of interprofessional
collaboration: “Demonstrate the ability
to engage in an interprofessional team

in a manner that optimizes safe effective
patient and population-centered care.”!
The AAMC delineated four competencies
to further define this domain. We applied
four specific criteria (described in Method)
to all 64 teamwork assessment tools to
identify a single tool that best addressed
each proposed competency (Table 1).

Team climate and mutual respect.
The first interprofessional competency
defined by the AAMC emphasizes
team climate and mutual respect’
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(Table 1). The Collaborative Healthcare
Interdisciplinary Relationship Planning
(CHIRP) Scale is an attitudinal scale of
interdisciplinary teamwork that assesses
interdependence, recognition, empathy,
sharing, dominance, organizational
climate, and respect.?*' CHIRP is

an appropriate tool for assessing this
particular competency because it
specifically measures interdisciplinary
team climate and mutual respect. Validity
evidence for CHIRP includes content,
internal structure, and relationships to
other variables.? Its use, however, has
been limited to attitudinal assessments in
classroom learning.

Roles of team members. The second
AAMC competency pertains to
understanding the roles of oneself

and others within interdisciplinary
teams (Table 1). The Readiness for
Interprofessional Learning Scale (RIPLS)
is a widely published too]?**731:37:38:45-52
that measures students’ attitudes toward
interprofessional learning and teamwork,
including specifically attitudes toward
the roles and responsibilities of various
team members in the health care team.
It consists of 19 statements of beliefs
regarding the benefit of interprofessional
learning. RIPLS comprises three
subscales—(1) teamwork and
collaboration, (2) professional identity,
and (3) roles and responsibilities—all
scored on a five-point Likert scale.*
This instrument has been largely used
to measure attitudes (Kirkpatrick Level
1) among preclinical medical and other
health care students??7313845-47:49,52;
however, it has also been applied to

pain medicine fellows” as well as
practicing physicians and allied health
staff.”* Generalizability and feasibility
of RIPLS scores are well established

on the basis of analyses conducted

in multiple institutions across four
continents.?*#4-4830-2 Vilidity evidence
includes content, factor analysis,
internal structure, and relationships to
other variables.’"*7#54%32 Studies using
the RIPLS have shown differences in
attitudes among students in different
professional groups (i.e., medicine,
nursing, pharmacy, dentistry, physical/
occupation therapy).??"#-4529 RIPLS
scores have also been shown to correlate
with CHIRP scores® and Professional
Identity Scale scores.*” However, to our
knowledge, no published studies have
reported relationships between RIPLS
scores and the ability of health care teams

to “address the health care needs of the
patients and populations served,” as
called for by Englander and colleagues' in
this second interprofessional competency.
Ideally, studies of such patient outcomes
resulting from effective teamwork should
be done in the future.

Communication. We recommend the
Communication and Teamwork Skills
(CATS) tool®* to assess the third
AAMC interprofessional collaboration
competency which focuses on responsive
communication among interprofessional
teams' (Table 1). An important strength
of CATS is that it requires direct
observation of students’ teamwork skills
(Kirkpatrick Level 3), as opposed to
students’ self-assessments of teamwork
which characterize the majority of
assessments in this review. CATS is
completed by trained observers who
assess and weight 18 teamwork behaviors
in four areas: (1) communication,

(2) coordination, (3) cooperation,

and (4) situational awareness.®®”® The
initial validity study of CATS was
conducted among actual clinical teams
in the operating room and during
interdisciplinary hospital rounds.”® A
subsequent study has used CATS in
simulated environments among medical,
nursing, and physical therapy students,
so it has reasonable generalizability.*
Although the use of trained observers
enhances the validity of CATS scores, the
costs involved in training observers may
limit the feasibility of CATS in certain
settings.

Active participation and patient-centered
care. Lastly, we suggest the T-MEX®*" for
assessing the fourth AAMC competency,
which requires that students actively
participate in interprofessional teams to
provide person-centered and population-
centered care! (Table 1). We recommend
T-MEX to assess this particular compe-
tency because T-MEX is the only tool
identified in this review that measures
actual teamwork behaviors (Kirkpatrick
Level 3) among medical students in real-
world clinical settings.*® T-MEX involves
direct observation of six collaborative
behaviors within three workplace domains:
(1) supportive team relationships, (2) self-
awareness and responsibility, and (3) safe
communication. In one study, Olupeliyawa
and colleagues® showed that T-MEX scores
have an acceptable reproducibility index
after 8 observations, and these authors
suggest that interdisciplinary observers

Academic Medicine, Vol. 91, No. 6 / June 2016

can use T-MEX without significant rater
training. The mean time for T-MEX
observation was 11 minutes, and the
mean time for sharing feedback was 8
minutes. Further, among 88 observations,
81% of the encounters and 74% of the
feedback exchanges were completed in

5 to 15 minutes.® All of these findings
suggest reasonable feasibility in a clinical
setting®®; however, an important limitation
of T-MEX is the paucity of studies
evaluating its use in multiple institutions.
Further research is needed to evaluate the
generalizability of T-MEX and establish
additional validity evidence.

Discussion

This review provides a synthesis of
teamwork assessment tools reported

in the medical literature. It includes
specific recommendations for addressing
the interprofessional competencies
within the newly proposed common
taxonomy framework' and can therefore
serve as a resource for medical schools
whose leaders and faculty hope to fulfill
these new AAMC competencies. Many
strategies for assessing teamwork exist
and are available to educators looking to
address these important competencies.
Although prior reviews have summarized
the effectiveness of interprofessional
education curricula'®*—and our own
previous review examined assessment
tools within the field of internal
medicine'*—this is, to our knowledge, the
first comprehensive review of teamwork
assessment tools within UME.

The interprofessional collaboration
competencies defined by the AAMC call
for students to demonstrate collaboration
in interprofessional teams so as to provide
patient and population-centered care.!
Fully assessing these two components of
the competencies requires observation
of live interactions among students

and interprofessional teams, and it
suggests that consideration be given

to the outcomes of care for individual
patients and populations. Yet, this

review indicates that, to date, attitudinal
assessments of teamwork predominate,
very few teamwork assessments have
involved direct observation of students’
teamwork behaviors in actual clinical
settings, and none have assessed patient
outcomes associated with measures of
teamwork. We believe, therefore, on the
basis of the current body of published
studies, that a gap exists between the level
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of evidence required to fulfill the new
interprofessional competencies and the
toolkit for competency assessment that
currently exists.

The results of this review suggest that
medical schools can address this gap

by focusing efforts in three areas. First,
schools need to assess students’ teamwork
in real-world clinical teams. In this
review, we found that only seven tools
(11%) measured teamwork among
medical students within real-world
clinical settings. Yet, in the modern

UME structure, early clinical exposure is
commonplace. The majority of students
work with clinical teams beginning in
the first year, a practice that provides rich
opportunities for teamwork assessment.
Second, medical schools should initiate
teamwork assessments at the start of
training so that students can receive
longitudinal feedback on their teamwork.
Among the 70 articles in this review,

just 22 (31%) examined teamwork at

the beginning of training (i.e., among
preclinical students). To be most helpful,
teamwork assessments, including

those that occur early in training,

should involve direct observation of
students’ teamwork behaviors. The
CATS** and T-MEX®**" are two direct
observation tools for which validity
evidence has been established within
UME. Additionally, tools such as the
Observational Teamwork Assessment for
Surgery?* ' and Non-technical Skills for
Surgeons,'® " both of which have been
used among residents and practicing
physicians, could be adapted to UME
but would require validity studies within
the UME setting. Third, medical schools
should maximize students’ involvement
in interprofessional teams. In this review,
47 (73%) tools assessed medical student
teamwork in interprofessional teams.
Interprofessional education is increasing
within medical education,'®'""2!"* yet it
is not enough to simply learn side by side;
students must actively engage with other
health professionals in the workplace

to obtain meaningful assessments of
interprofessional teamwork behaviors
and outcomes.

We note several limitations to this
review. First, although we used a broad
search strategy of multiple databases and
attempted to capture unpublished work
by reviewing abstracts from scientific
meetings, we possibly failed to identify
some relevant articles. We also recognize
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that despite our best efforts, publication
bias is a limitation inherent in systematic
reviews,'"* so poor performance of the
assessment tools may be underreported.
Second, we used standard frameworks to
summarize validity evidence'*"® and study
quality®"*%; however, these frameworks do
not include every aspect of validity and
methodological quality. Finally, we applied
specific criteria to select tools that are best
suited to address the AAMC competencies,
yet we acknowledge some subjectivity in
this selection. Furthermore, each of the
AAMC competencies includes multiple
components, making the identification of
a single assessment tool that aligns with

all elements of each competency difficult.
Medical school faculty and curriculum
developers may choose to use more than
one assessment tool to completely address
each of these competencies.

In conclusion, this review provides a
resource for medical schools to identify
teamwork assessment tools that they can
use to assess the new interprofessional
collaboration competencies proposed

by the AAMC. As shown in this review,
numerous tools (n = 64) have been

used to assess teamwork in UME, and
substantial validity evidence has been
demonstrated for many of them. To
strengthen this body of evidence, future
research should be directed toward
validity studies of assessment instruments,
and these studies should include direct
observation of medical students working
in interprofessional teams in real-

world clinical environments, as well as
evaluations of teamwork effectiveness on
patient outcomes.
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