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ABSTRACT

Background The Accreditation Council for Graduate Medical Education (ACGME) Milestone projects required each specialty to

identify essential skills and develop means of assessment with supporting validity evidence for trainees. Several specialties rate

trainees on a milestone subcompetency related to working in interprofessional teams. A tool to assess trainee competence in

any role on an interprofessional team in a variety of scenarios would be valuable and suitable for simulation-based

assessment.

Objective We developed a tool for simulation settings that assesses interprofessional teamwork in trainees.

Methods In 2015, existing tools that assess teamwork or interprofessionalism using direct observation were systematically

reviewed for appropriateness, generalizability, adaptability, ease of use, and resources required. Items from these tools were

included in a Delphi method with multidisciplinary pediatrics experts using an iterative process from June 2016 to January

2017 to develop an assessment tool.

Results Thirty-one unique tools were identified. A 2-stage review narrowed this list to 5 tools, and 81 items were extracted.

Twenty-two pediatrics experts participated in 4 rounds of Delphi surveys, with response rates ranging from 82% to 100%.

Sixteen items reached consensus for inclusion in the final tool. A global 4-point rating scale from novice to proficient was

developed.

Conclusions A novel tool to assess interprofessional teamwork for individual trainees in a simulated setting was developed

using a systematic review and Delphi methodology. This is the first step to establish the validity evidence necessary to use this

tool for competency-based assessment.

Introduction

In the Accreditation Council for Graduate Medical

Education (ACGME) Milestones projects, residents

are assessed semiannually along specialty-specific

competencies, from novice to mastery,1 creating a

need for additional competency-based assessment

instruments with evidence of validity for different

settings including simulation.2

A 2016 study surveyed simulation experts and

pediatrics program directors to identify priority areas

for developing simulation-based assessment tools.3

Respondents identified which of the 21 pediatrics

milestone subcompetencies were the most difficult to

assess using traditional methods and which were best

suited to simulation-based assessment. Systems-based

practice 3 (‘‘Work in interprofessional teams to

enhance patient safety and improve patient care

quality’’) emerged as 1 of the 3 subcompetencies best

suited to simulation-based assessment.3 While many

teamwork assessment tools exist, most of these tools

assess either the leader alone or the team as a whole,

and focus on acute events.

The goal of this study was to develop a tool

independent of event type or acuity that could be used

to assess the competence of not just the team leader,

but also an individual in any role on a pediatric team.

Methods

Our team included simulation experts from pediatric

emergency medicine, pediatric hospital medicine, and

graduate medical education from 7 institutions across

North America (The Hospital for Sick Children,

Boston University School of Medicine, Feinberg

School of Medicine, Northeast Ohio Medical Univer-

sity, The University of Alabama at Birmingham, The

George Washington University School of Medicine

and Health Sciences, and Tufts University School of

Medicine). All team members are pediatricians,

medical educators, and members of the International

Network for Simulation-based Pediatric Innovation,

Research, and Education (INSPIRE). Our initial

literature review found many tools assessing the skills

of a team leader or the function of a team as a whole;

however, it failed to identify a tool to assess an
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individual working in an interprofessional team in a

role other than team leader. We conducted a

systematic review and used Delphi methodology to

achieve expert consensus to develop a new tool.4–6

Systematic Review

With a medical librarian, we conducted a systematic

review to identify existing tools assessing interpro-

fessionalism and/or teamwork using direct observa-

tion in a clinical or simulated setting. We searched

PubMed, Ovid, and MedEdPORTAL databases, as

well as unpublished and grey literature. Search terms

included teamwork, simulation, assessment, interpro-

fessional collaboration, interprofessional teamwork,

and physician-nurse relations. The search included

publications through October 2015. Titles and

abstracts were screened by members of our study

team.

Identified tools were independently reviewed by 2

investigators for inclusion in 2 stages. First, a tool was

evaluated to determine whether it (1) assessed

teamwork (including nontechnical elements); (2)

was generalizable across scenarios; (3) was adaptable

for use assessing individual performance; and (4) met

ACGME criteria of ‘‘ease of use’’ (ie, is easily carried

or accessed, requires minimal setup, and is completed

in under 20 minutes) and ‘‘resources required’’ (ie,

requires no resources beyond documentation tools,

assessor training is less than an hour, and an

individual assessor is sufficient for evaluation).7 Tools

were independently nominated for inclusion in the

second stage by the 2 reviewers. We used study group

consensus to resolve discrepancies between reviewers.

In the second stage, we rated the nominated tools

based on difficulty of adaptation (1, no adaptation

necessary/ready for use, to 7, extensive adaptation

necessary/multiple changes of multiple elements

needed/would require excessive effort, time, or work).

We had an a priori plan to include tools with an

‘‘adaptability rating’’ � 3 (few changes needed/easily

made with minimal effort, time, or work). We

selected tools with an adaptability rating � 3 to

review.

From the selected tools, we first extracted items

related to interprofessional teamwork. Similar items

were combined and nonapplicable items (eg, specific

procedural skills/unable to assess with simulation)

were eliminated. Remaining items were included in

the Delphi process, which was conducted between

June 2016 and January 2017.

Modified Delphi Exercise

Our research team invited outside experts in simulation,

teamwork, team performance, interprofessionalism,

and assessment to participate in the Delphi panel

through INSPIRE. The panel was reviewed and revised

to ensure multidisciplinary membership that included

physicians, nurses, physiotherapists, occupational ther-

apists, and respiratory therapists, as well as geographic

diversity across North America. We only invited experts

who work in pediatrics, as we focused on a pediatric

subcompetency.

Panelists were provided with a brief background on

the Milestone projects, the original milestones (avail-

able as online supplemental material), how the list of

elements was identified, and the likely steps of the

project. The initial Delphi round was piloted with 3

nonpanelist members.8

In the first round, panelists were asked to rate each

item on necessity of inclusion using a 7-point scale (1,

unnecessary to include, to 7, definitely must include).

In addition, panelists could offer suggestions on each

element and generate additional items. After elements

were edited or removed, panelists were instructed to

rate items again on necessity of inclusion using the

same scale in a second round. In the third round,

items with similar concepts were grouped and

panelists selected the ‘‘best’’ item in each group. In

the fourth round, the panelists rated each item a final

time on the 7-point necessity of inclusion scale.

To simplify the Delphi process, anchors were not

included in the initial rounds. In the final round, the

original elements’ anchors were reviewed, noting

whether descriptive anchors, brief anchors, or no

anchors were provided. The study team created 2

types of anchors: descriptive and terse. Descriptive

anchors were consistent with associated questions and

utilized milestone ratings language. Terse anchors

were based on frequency (never, occasionally, fre-

quently, and consistently), but also included elements

from each question. All anchors included only 4

levels, as the pediatrics milestone differentiates levels

What was known and gap
The ACGME Milestone projects have created a need for
additional competency-based assessment instruments to be
used in different settings, including simulation.

What is new
An assessment tool, which can be used for multiple event
types, to assess the competence of an individual in an
interprofessional team.

Limitations
The tool was developed for a single specialty, reducing
generalizable. The instrument has not been implemented
and lacks validity evidence.

Bottom line
A 16-item instrument to evaluate key elements of interpro-
fessional teamwork for individual trainees was created using
a modified Delphi method.
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1 to 4 and excludes level 5. In the fourth Delphi

round, participants selected the preferred anchor

option for each of the items.

This project was deemed exempt by the Maine

Medical Center Institutional Review Board.

Data Analysis

All data were recorded through the REDCap data

management system and maintained anonymously for

analysis. Consensus for inclusion was defined as a

median � 6 on the 7-point rating scale. For round 3,

selecting the best item within a group of similar items,

the item selected most frequently was included in the

next round. Any tied items were voted on anony-

mously by the authors.

Results

We identified 59 teamwork articles and 23 interpro-

fessionalism articles by systematic review. Thirty-one

unique tools were identified and underwent further

review.9–39 Fifteen tools met initial inclusion criteria

after the initial stage (TABLE 1).17–31 After the second

stage of review for adaptability of the tool, 5 tools

remained. A total of 157 items were extracted and

reduced to 81 discrete items for rating by Delphi

panelists (FIGURE).

Twenty-two of the 30 invited experts from 5

interprofessional domains participated in the Delphi

process. Panelists included 9 nurses, 8 physicians, 3

physical/respiratory therapists, and 2 nonclinical

educators. Their areas of expertise included simula-

tion, patient safety, organizational behavior, and

interprofessionalism. Four rounds of surveys were

completed with response rates ranging from 82% to

100%. The 81 initial items were reduced to 16 items

that reached consensus (TABLE 2). A 4-point global

rating scale ranging from novice to proficient was

selected by the Delphi panel for each item. The final

instrument is shown in TABLE 3.

Discussion

Our systematic review found 31 unique tools to

evaluate teamwork, many of them limited by not

being applicable to any individual member of a team

and by their length. Using these existing tools and a

modified Delphi process with interprofessional pedi-

atrics experts, we created a 16-item novel tool to assess

interprofessional teamwork in a simulated setting.

Our tool sought to adhere to Grand and colleague’s

4-step framework,40 striving to be specific and capture

observable individual behaviors as much as possible,

thus distinguishing team process (team members’

nontechnical skills) and team performance (including

activities linked to a task or outcome). The initial 2

steps describe creating items for the assessment tool

and distinguishing team process versus performance.

The final 2 steps detailed guidelines for tool validation

and implementation, the next phases of our project.

We have started this process through outside cognitive

interviewing with simulation and assessment experts

not involved in the development process and initial

piloting of the tool at selected sites. Preliminary

feedback indicated that the tool is intuitive and easy

to use. As we extracted items from 3 tools in other

specialties for the Delphi panel, it is possible that this

tool could have crossover to other disciplines.

Midway through our project, Thistlewaite et al

reported their experience developing a tool for the

assessment of individual performance on an inter-

professional team (iToft).41 While this tool may

meet the need initially identified by our team,

validity evidence is not yet available. Our process

and tool differ in the focus on simulation-based

assessment and the inclusion of simulation experts in

our Delphi panel. The overlap between the 2 tools

lends support to them both, despite a lack of

published validity evidence for either tool currently.

While most items in the iToft tool are also

represented within our tool, anchor scales between

the 2 tools differ. The iToft uses a scale with 4

options: not applicable, inappropriate, appropriate,

and responsive. Thistlewaite and colleagues handled

novice versus advanced differentiation by using 2

different tools: a basic version and an expert version.

FIGURE

Flowchart From Total Number of Articles Reviewed to
Final Tools and Items Considered
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For our tool, Delphi experts opted rather to use a

descriptive anchor scale to mark progression from

novice to proficient to better mirror the ACGME

Milestones format as well as trends in competency-

based medical education.

The study may be limited by our choice of experts:

while we included an interdisciplinary group with

varied expertise, it is possible our expert panel did not

fully represent all stakeholders. Our tool was

TABLE 1
Interprofessional and Teamwork Tools Meeting Initial Inclusion Criteria

Reference Subjects Assessed Tool Structure

Cooper et al10 Emergency department code teams & 11 items in 3 domains followed by global rating
& 5-point anchored observational scale and global rating

Curran et al11 Developed/validated with literature

review and Delphi, later papers

modified and piloted with

residents

& 31 items in 6 domains
& 4-point Likert scale

Flowerdew et al12 Emergency department clinicians & 12 items in 4 domains
& 9-point anchored Likert scale

Frankel et al13 Various teams (surgical, medical,

obstetric), emergent and

nonemergent

& 21 items in 4 domains
& 3-point checklist (weighted)

Guise et al14 Obstetric teams & 15 items in 5 domains
& 11-point Likert scale

Kim et al15 Residents & Ottawa GRS: 7-point anchored scale, 5 categories
& Ottawa CRM: 12 items in 5 domains

Lambden et al16 Residents in ICU setting; assesses

team leader only

& 32 items in 8 domains
& 7-point anchored Likert scale

Malec et al17 Residents and nurses & 16 items
& 3-point behavioral checklist

Mishra et al18 Surgical teams & 16 items in 4 domains (separate evaluation of all

elements for surgical team, anesthesia team, nursing

team)
& 4-point Likert scale

Olupeliyawa et al19 Medical students & 6 items in 3 domains
& 5-point Likert scale

Reid et al20 Pediatric resident and expert teams & 95 total items
& 3-point behavioral checklist (weighted)

Sigalet et al21 Medical, nursing, and respiratory

therapy students

& 12 items
& 5-point behaviorally anchored scale

Steinemann et al22 Emergency department trauma

teams

& 27 items in 5 domains
& 5-point anchored Likert scale

Sutton et al23 Hospital resuscitation teams & 61 items in 3 domains
& 7-point Likert scale

Wright et al24 Medical and nursing students & 6 domains
& 3-point Likert scale

Note: Items from these tools in the bolded studies were extracted for the Delphi process.

Abbreviations: GRS, global rating scale; CRM, crisis resource management; ICU, intensive care unit.

TABLE 2
Summary of Delphi Exercise

Round Participants
Elements

at Start

Elements

After Analysis

1 22 81 62

2 18 62 48

3 21 48 18

4 20 18 16
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developed by pediatricians for use to evaluate a

pediatrics milestone. While the tool was not intended

to be generalizable beyond the pediatric context,

interprofessional teamwork is not unique to pediat-

rics, and many other specialties have competencies in

interprofessional teamwork. Further evaluation in

other clinical specialties would be required before

use in these contexts. Second, as previously noted,

teamwork occurs in acute and nonacute situations.

We sought to develop a single tool appropriate for use

in varied contexts, and initial elements included in

Delphi round 1 came from tools designed to assess

acute and nonacute situations as well as both

simulated and nonsimulated settings. It is possible

that in practice the final elements translate with

different effectiveness in varied contexts. Third, in

analyzing each assessment tool identified by our

systematic review, we utilized ACGME criteria to

determine the quality of the assessment method using

2 reviewers for each tool, but some of these elements

still have a component of subjectivity.13 Maintaining

methodological rigor through the course of tool

development and ending up with a practical tool that

can be easily implemented is a challenging balance.

Finally, the instrument has not yet been applied to

assessment of trainees. This will be required to show

validity evidence for the assessment.42

Next steps involve formally evaluating the tool

using the ACGME standards for evaluating the

quality of assessment methods to assess reliability,

validity, ease of use, resources required, ease of

interpretation, and educational impact.7 Only with

further testing will we know whether we have

achieved our objective.

Conclusion

While existing teamwork tools assess either leader-

ship of an individual or team function as a whole,

particularly in acute care events, we found none were

designed to assess the competence of an individual

trainee working as a member of an interprofessional

team in a non-leader role. Using a modified Delphi

process, we developed a new 16-item instrument to

evaluate key elements of this milestone in a compre-

hensive way.
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