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Abstract

The present study aims to explore the
utility of the Team Emergency Assess-
ment Measure (TEAM) in relation to
the enhancement of emergency team
non-technical skills based on research
conducted over the last decade. In this
mapping review, a citation mining
process identified 22 primary studies
for inclusion, published between 2012
and 2022. It provides outcome data
on emergency teams’ non-technical
skills following team training and/or
real-life patient emergencies. Emer-
gency team studies related to resuscita-
tion teams (adult, paediatric, newborn
and obstetric cases) and medical emer-
gency team (MET) management of
patient deterioration. Team perfor-
mance ratings varied, ranging from
approximately 90% for experienced
clinical teams down to 38% for stu-
dents. Statistically significant improve-
ments in performance were notable
following training and/or repeated
practice. Validity evidence, across
11 studies that provided change data
described positive learning outcomes
and moderate intervention effects.
However, according to Kirkpatrick’s
model of educational evaluation the

studies were limited to professional
development phases of learning and
immediate post-training assessments
rather than care quality improvement.
The review highlights a lack of studies
evidencing quality improvement or
clinical impact such as change of
patient care practice or health service
performance. There is a need to con-
duct well-designed studies that explore
both technical and non-technical skills
of resuscitation teams and METs. Cur-
rently, non-technical skills training
and repeated performance evaluations
using the TEAM contribute immensely
to the proficiency of emergency teams.

Key words: continuing professional
development, medical emergency
team, non-technical skill, patient
safety, training and assessment.

Introduction
Teamwork and effective communica-
tion skills within medical emergency
teams are essential for the provision
of safe patient care.1–3 These skills
are recommended as part of clinical
training and can be supported and
maintained through simulation-based

training.4,5 An increased focus on
patient safety, aiming to mitigate
medical errors, has led to the devel-
opment of non-technical skills and
related research.
Non-technical skills (NTS) are

defined by Flowerdew et al. as: ‘the
cognitive, social and personal
resource skills that complement tech-
nical skills and contribute to safe and
efficient task performance’.6 In the
current context, NTS include leader-
ship, teamwork and communication
together with the cognitive competen-
cies of situation awareness and
decision-making.7 These are often
described as ‘human factors’.8
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Key findings
• NTS are the human factors

within clinical teamwork
skills that contribute to safe
and efficient task perfor-
mance: leadership, teamwork,
situtation awareness and task
performance.

• We confirmed the TEAM as a
valid instrument for assessing
medical emergency team NTS
performance across hospital
clinical teams (adult, paediat-
ric, obstetrics) and in student
training.

• In 22 studies, staff training
via repeated simulated scenar-
ios or participation in live
emergency events revealed
that NTS performance
improves with training; the
benefits of teamwork and a
suggested performance bench-
mark are documented.
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These skills apply across healthcare
teams, whether it be, for example, in
surgical teams,9,10 emergency
teams5,11 or healthcare students train-
ing in interprofessional settings.12

Numerous studies have focused on the
training of disciplinary and inter-
professional medical and nursing
teams. For example, a review of
38 studies of simulation programmes
concluded that training improved
team performance and interpersonal
team dynamics.13 Additionally, the
leadership skills of medical residents
significantly improved with regular
paediatric resuscitation mock events.11

An interview study of operating room
clinicians concluded that interpersonal
behaviours such as clear and open
communication, task management
and information sharing were key to
effective teamwork.9

There is therefore a need to map
our understanding of how non-
technical skills measures are used and
what effect their use may have on
training and development outcomes.

The evaluation tool: TEAM

The Team Emergency Assessment
Measure (TEAM)14 is recognised as a
valid and reliable tool5,15 that has
accrued a body of evaluation data and
over 250 citations. The tool was ini-
tially developed for the assessment of
adult resuscitation team performance,
but its use has been expanded to the
assessment of emergency team perfor-
mance in a variety of settings, including
medical emergency teams management
of acute events and paediatric, obstetric
and neonatal resuscitation teams. A
team is generally considered to be three
or more individuals working together
at an acute event.
The TEAM includes 11 specific

items and one global rating of NTS
performance using a 5-point scale
rated from ‘0’ (never) to ‘4’ (always).
The tool is typically completed by a
trained observer (or peers), at the
conclusion of an event. Three catego-
ries of ‘Leadership’, ‘Teamwork’ and
‘Task management’ are assessed,
together forming one factor that mea-
sures overall NTS performance. The
single page tool is easy to use (see the
scale in Appendix S1) and has been
widely adopted to assess NTS. A

dedicated website offers further
information (Emergency Teamwork
Assessment [The TEAM Tool]: http://
medicalemergencyteam.com/).
Although the validity of NTS instru-

ments including the TEAM instrument
has been endorsed in several stud-
ies,5,7,8 it is important to capture the
breadth of current research and
research settings. The aim of the pre-
sent study is to explore the use of the
TEAM and how measurement feed-
back may help to enhance NTS.

Methods
A mapping review of literature was
conducted. This review method was
chosen as it addresses a defined
practice-related issue and helps to
identify gaps in larger volumes of evi-
dence that may inform future stud-
ies.16,17 We followed the guidance of
Grant and Booth16 and Sutton
et al.17 in conducting a mapping
review. A mapping review can be
completed within a restricted time-
line, to provide an overview of a
topic but, nevertheless, uses a system-
atic search of literature. The results
are presented as a visual synthesis
(mapping) of included studies rather
than a topic synthesis17 and study
appraisals are not generally required.

Literature search strategy

The literature search was founded on
citations accrued by the TEAM using
a snowball citation-mining process. A
second-generation search of literature

was conducted to identify the cita-
tions of three key TEAM studies pub-
lished during the instrument’s
development and validation phases.
The database Scopus was chosen as

the source of literature as it claims to
index the widest range of scholarly
journals and it tracks citations (https://
www.elsevier.com/en-au/solutions/
scopus). Advances in machine learning
have facilitated systematic searches of
literature and reduced protracted tasks
involved in a traditional literature
search.18(section 2.1) The use of a snow-
ball mining technique outlines the
scope of related studies and considers
current research trends.
Three citation searches were con-

ducted in Scopus in February 2022,
for the primary studies Cooper et al.
(2010, 2013, 2016) to ensure full cov-
erage of citation data. Snowballing
identified 184 citations of the original
article (2010) and 272 citations in
total (Table 1). A cross-check using
Google Scholar identified three further
citing articles in journals that were not
tracked by Scopus; these were added.

Article selection and synthesis

The article titles and abstracts were
downloaded to a single library data-
base (Endnote) and 26 duplicates
were removed. From a scan of the
titles and abstracts, it was identified
that a number of articles did not
meet the inclusion criteria (e.g. did
not cite the whole TEAM scale).
Two authors (RC, CC) indepen-
dently screened the list of articles to

TABLE 1. Citation numbers mined from three key Team Emergency Assessment
Measure (TEAM) development/validation studies

TEAM article Participant sample/setting
No. of citations

in Scopus

Cooper et al.14 Medical and nursing students
(simulation laboratory evaluations)

184

Cooper et al.19 Trained hospital nurses (simulation
‘ward’, adult evaluations)

42

Cooper et al.20 Interprofessional emergency team,
clinicians in hospital emergency unit
(real-life adult patient resuscitation
codes)

46
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identify suitable papers based on the
inclusion criteria, using the article
screening software Covidence21 for
full text review. A total of 22 studies
were selected for inclusion.

Inclusion criteria
All studies were required to include
a ‘non-technical skills’ evaluation
using simulated or real-life medical
emergency teamwork events, with
performances rated either by individ-
ual trained observers, peers, or a
clinical team. Inclusion criteria were:
• Peer reviewed primary studies that

report the use of or evaluated the
‘Team Emergency Assessment
Measure’.

• Studies with participant samples
that include medical or nursing
professionals, other healthcare
disciplines, or students.

• Uni-professional and inter-
professional studies in any clinical
domain. For example, adults, pae-
diatrics and obstetrics care.

• Studies in any setting such as hos-
pital, acute care, community, or
simulation laboratory.
Excluded were qualitative studies

and those that applied self-reported
ratings or used other tools/checklists.
In the next phase, data reporting the

use and impact of the TEAM were
extracted from the selected studies and
mapped in tabular form. The mapping
review focused upon each study’s char-
acteristics, such as where the activity
took place and where and how results
were reported, but without requiring
an in-depth analysis.17,18

Studies were mapped to (i) levels
of evidence in the designs; (ii) the
patient-specific setting and disci-
plines involved; and (iii) training out-
comes, including assessments and an
evaluation based on Kirkpatrick’s
Four Levels of Training Evalua-
tion.22 The four levels of evaluation
are reaction, learning, behaviour and
results, with the latter focusing upon
training impacts on patient manage-
ment. These levels are described
more fully in a following section.

Results
The original TEAM development
study was published in 201014 and

the citing studies were published
over the following decade (2012–
2021). Half were recent, published
within the last 5 years (2017–2021)
(Table 2).
All studies comprised a team of at

least three clinicians or healthcare
students whose performance was
rated ‘as one’ by a trained observer
or peers.
Six development/validation studies

by Cooper et al. reporting NTS assess-
ments with Australian participants,
were included.14,19,20,22–24,31 These
study designs comprised quasi-
experimental single group post-test, or
pretest/post-test designs and one single
group mixed methods design. The
samples ranged across pre-professional
nursing and medicine students, quali-
fied nurses and interprofessional medi-
cine/nursing emergency teams. Table
S1 presents the characteristics of all
the included studies.
International research was well

represented with studies originating
in 10 countries. These were led by
Australia (n = 7), USA (n = 4),
UK (n = 2) and Sweden (n = 2),
followed by Brazil, Finland, France,
Germany, India and Italy that
reported a single study (Table 2).

Patient-specific settings and
disciplines

The TEAM was used to evaluate
NTS performance in various hospital-
based healthcare settings including
emergency units, in obstetrics and
neonatal care, paediatric units, and
hospital wards. The studies evaluated
both ‘live’ emergency events and sim-
ulated ‘mock’ training.
Interprofessional teams were com-

mon among the studies. The study
samples included a range of healthcare
disciplines: pre-professional medicine
and nursing students, qualified nurses,
qualified midwives, physicians and
interprofessional medical/nursing/other
teams.

Levels of evidence

The studies included educational
evaluations that utilised research
designs at the lower end of levels of
research evidence.32 One study was
an experimental controlled study

(Level 1.c) and the remainder were
quasi-experimental designs at Level
2 (2.d: pretest–post-test) or Level
3 Observational-analytic designs
without a control group. We noted
there were an insufficient number of
studies with a similar approach to
reporting outcome metrics to enable
a meta-synthesis.

TEAM performance ratings

The TEAM total score (sum of
11 items, rated out of a possible
44 points) was a key outcome. Just
over half the studies (13 of 22)
described the TEAM total score. The
remainder chose to report only the
single item ‘Global’ score, or sub-
section ratings.
The TEAM total scores extracted

from the five interprofessional clini-
cian studies (not students) (Table S1)
ranged from means of 71.6% to
89.0% and averaged 79%. In the
simulation-based studies of profes-
sional teams (n = 2) the mean TEAM
total scores were 57.0% and 73.4%.
Across all studies the settings could be
grouped into acute care medical emer-
gency teams, paediatric and obstetric
categories, or student training. Some
examples of outcomes were:
• Hospital emergency team live

events where, in two longitudinal
studies the TEAM total mean
scores were 34.6 (79%)20 over
106 events, and 39.2 (89%)
across 80 events.23

• Obstetric newborn emergency
team simulations: in 15 teams
across two groups, the observed
TEAM total mean scores were
35.0 (79.5%).29

• Paediatric emergency team simula-
tions: the mean TEAM total score
over 132 simulated scenarios in
three venues was 31.53 (71.7%).33

• Medical residents’ repeated team
simulations: in 23 teams, the
mean TEAM total score was 25.3
(57.5%).34

• Nursing student simulations: in
32 teams, the mean TEAM total
score was 16.72 (38%).24

Other studies reported statistically
significant improvements in the total
TEAM scores post-training interven-
tions, as described below.

© 2023 The Authors. Emergency Medicine Australasia published by John Wiley & Sons Australia, Ltd on behalf of Australasian College
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TABLE 2. Validity evidence of non-technical skills training outcomes from experimental and quasi-experimental
comparison studies

Study/country of
origin Topic/design Disciplines/ sample

Training outcome: level of evaluation/
ratings/effect

Cant
et al.23/Australia

Improving the non-technical
skills of hospital medical
emergency teams: the
Team Emergency
Assessment Measure
(TEAM)

Quasi-experimental
longitudinal educational
evaluation

Interprofessional hospital
medical/nurse teams

Longitudinal
observational study of
80 actual hospital
emergency team’s
performance over
10 months – early and
late periods tested

Level 1 (Reaction), Level 2 (Learning), Level 3
(Behaviour)

• TEAM total mean score was 89% in 80 real-
world episodes (283 clinician assessments)

The tool was reliable with Cronbach’s alpha 0.78,
high uni-dimensional validity and mean inter-item
correlation of 0.45. There was a trend of
performance improvement over time. Staff
reflection and debriefing discussions addressed
performance improvement. TEAM is a valid,
reliable and easy to use tool for use clinical and
training settings

Cooper
et al.19/Australia

Managing patient
deterioration: assessing
teamwork and individual
performance

Quasi-experimental pretest–
post-test educational
evaluation

44 hospital registered
nurses in teams of 3 in
a ward setting
completed 3 patient
deterioration
simulations with a
patient actor and
MCQ before/after

Level 1 (Reaction), Level 2 Learning (as knowledge)
• TEAM total mean score was 57%
Knowledge (via MCQ) improved significantly after

training to M = 64% (P = <0.001). Significant
associations were seen between Leadership,
Teamwork and Task Management (P < 0.006)
and the Global score. TEAM is a valid measure
of team performance in patient deterioration
scenarios

Cooper
et al.20/Australia

Measuring teamwork
performance: validity
testing of the TEAM with
clinical resuscitation teams

Quasi-experimental
longitudinal educational
evaluation

Interprofessional hospital
medical/nurse teams

106 videos of actual
hospital emergencies
(collected over
10 months): early and
late periods were
explored

Level 2 (Learning), Level 3 (Behaviour)
• TEAM total mean score was 79% (34.6/44)
Overall discriminant validity and internal

consistency was good (Cronbach’s alpha of 0.94).
A non-significant improvement in scores was seen
between the first 3 months and final 3 months,
indicating that repeated practice enabled
improved behaviours in the latter period. The
TEAM is a feasible, valid and reliable non-
technical assessment measure in real clinical
settings

Doymaz et al.11/USA Improving the performance
of residents in paediatric
resuscitation with frequent
simulated emergencies

Quasi-experimental pretest–
post-test educational
evaluation

43 senior paediatric
medical residents
completed weekly
mock events with focus
on assessment of team
leadership, post-test at
6 months

Level 2 (Learning)
• TEAM total mean scores were initially 71.93%

�18.50, and final M = 81.44% � 11.84,
significantly improved (P = 0.01). This indicates
a large training effect size (Cohen’s
d = 0.61, r = 0.29)

Medical residents’ team leadership/performance was
significantly improved by increasing the frequency
of mock events during residency to improve team
leadership performance in paediatric senior
residents

Endacott
et al.24/Australia

Simulated patient
deterioration scenarios in
ward-like setting in teams
of three (3 scenarios with
patient actor)

Quasi-experimental two-
group design

Nursing students
(n = 97) and 44
registered nurses (32
student, 15 registered
nurse teams)

Level 1 (Reaction), Level 2 (Learning)
• TEAM total mean scores differed significantly

between groups (nurses 57% vs students 38%,
t = 6.841, P < 0.01)

Objective structured clinical examination
performance was similar across registered nurses
(M = 54%) and students (M = 49%). All staff
should work to develop teamwork skills for
medical emergencies

© 2023 The Authors. Emergency Medicine Australasia published by John Wiley & Sons Australia, Ltd on behalf of Australasian College
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TABLE 2. Continued

Study/country of
origin Topic/design Disciplines/ sample

Training outcome: level of evaluation/
ratings/effect

Innocenti
et al.25/Italy

Teamwork evaluation during
emergency medicine
residents’ high-fidelity
simulation

Quasi-experimental single
group longitudinal
evaluation

Medical residents n = 27
(novice and senior) in
a bi-monthly
programme of 18
repeated medical
emergency simulations
during residency were
evaluated using video
records

Level 2 (Learning)

• Average ratings 37, 36 (P = NS) in senior/
juniors (83%)

• Teamwork performances improved over time.
0.18 sessions showed good internal consistency
and good to fair inter-rater reliability for three
scales. The TEAM Cronbach’s α 0.954; Intraclass
Correlation Coefficients (ICC) 0.921

Mahramus et al.26/
USA

Emergency care clinicians;
teamwork in simulated
cardiopulmonary arrest
events

Quasi-experimental single
group design

Interprofessional
clinicians n = 73
(resident physicians
[25%], registered
nurses [32%] and
respiratory therapists
[41%]) completed two
scenarios with
debriefing after each

Level 1 (Reaction), Level 2 (Learning)
• Teamwork scores for first simulation (3.2 � 0.5)

and second simulation: (3.7 � 0.4) improved
significantly (P < 0.001) (this indicates a large
effect size based on repeated practice: Cohen’s
d = 1.10, r = 0.48)

(Baseline Teamwork scores from TEAM were
2.57 to 2.72). The mean (SD) dual observer
Teamwork ratings were M = 3.0 (0.5) and
M = 3.7 (0.3) respectively (P < 0.001)
confirming above data. Participants’
evaluations were positive, with improved
perceptions of teamwork behaviours

Morse et al.27/UK Randomised study of
simulated ALS following
an IPL course (IG) or UPL
course (CG) using Global
score

Randomised controlled post-
test design

Final year students,
n = 48 medical and
n = 48 nursing (8
interdisciplinary teams
of 6) ALS training

Level 1 (Reaction), Level 2 (Learning)
• Global TEAM score of M = 8.38/10 was

significantly higher for IPL course IG versus
UPL course CG, M = 6.25/10 (P = 0.03) (this
indicates a large intervention effect size:
Cohen’s d = 1.21, r = 0.52)

Survey: reactions were positive. Performance can
change and improve in the short-term; further
studies are required to assess long-term effects
of IPL interventions

Pennington et al.28/
USA

Remote digital (video)
simulations at 9 training
sites in 8 countries

Quasi-experimental pretest–
post-test design

Interprofessional clinician
teams (n = 9)
completed 2–3
simulation scenarios of
acute crises before and
after training with a
checklist

Level 2 (Learning)
• Global score mean rating was significantly

improved from 5.8 to 6.9/10 after
training (P = 0.04)

Six of 9 teams showed an overall improvement in
global performance after training with the
CERTAIN checklist (range 7–52%). For 11
TEAM items an improvement trend was noted,
but no sections were improved overall. The
greatest improvement in scores was the ‘team’s
ability to complete tasks in a timely manner’ and
in the ‘team leader’s communication’

Rovamo
et al.29/Finland

Simulation-based workshop
on multidisciplinary
teamwork of newborn
emergencies

Quasi-experimental two
group design

Obstetrics and neonatal/
paediatric
professionals: 99 staff
of two delivery units:
non-matched
intervention (IG) and
control groups (CG)

Level 2 (Learning)
• TEAM total mean scores were similar in both

IGs and CGs (35/44, 79.5%)
Non-technical skills CRM instruction before

simulation training did not enhance acquisition of
teamwork skills of IGs over CGs. Team
leadership skills made the difference in this un-
matched two-group study

(Continues)
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Validity evidence of training
outcomes

Eleven of the 22 studies reported
experimental or quasi experimental
studies that presented two-group
comparisons, pretest–post-test data
or sequential training data. These
offered validity evidence of training
outcomes through reports of an
increase in performance scores. The
sequential studies reported longitudi-
nal data based on initial (early) and
late assessments. In Table 2, we
report the patient settings, disciplines
involved and the evidence.
High NTS scores were evident.

Differing approaches to reporting
the study outcomes precluded an
overall summary, but we highlight
exemplar outcomes. An observa-
tional study of ‘live’ hospital medical
emergency team events reported a
mean TEAM total score of 89%.20

Professional clinician teams com-
monly performed better than student
teams. A simulation study of
15 trained nurse teams and 32 nurs-
ing student teams in disciplinary
teams of three, reported a TEAM
total mean score of 57% for nurses
and 38% for students when manag-
ing deteriorating patients.24 A pro-
gramme of frequent mock events
enabled senior medical residents to

improve their NTS and achieve a
mean TEAM total score of 81.4% in
the final event.11 However, not all
training interventions showed
improved NTS performance. A mul-
tidisciplinary newborn emergencies
workshop did not improve NTS per-
formance in the intervention group
over the control group, with mean
TEAM total scores the same in both
groups (35/44, 79.5%).29

The Global score (assessed out of
a possible 10 points) was often the
main focus of reporting. Mahramus
et al.26 found that interprofessional
emergency teams’ global scores
improved significantly after simula-
tion training (P < 0.001), and we
computed a large effect of training
(Cohen’s d = 1.10). Similarly, Siems
et al.30 who assessed paediatric rapid
response teams after team leader
crew resource management training,
found global scores improved from
M = 6.0 to M = 9.0 (M = 90%, P
= <0.001) but final TEAM total
mean scores of 79.5% in interven-
tion and control groups did not dif-
fer. Interprofessional training of
student medical/nursing teams
reported by Morse et al.27 showed a
significantly improved mean global
score (8.38/10) in the intervention
group, also showing a large training
effect (Cohen’s d = 1.21).

These comparisons verify that NTS
teamwork performance can be
enhanced by practice. We also noted
that longitudinal studies that involved
recurring medical emergencies dem-
onstrated performance improvement
trends in professional disciplines20,23

and significant NTS improvements in
medical resident teams.11,25

Training impact, evaluated
using Kirkpatrick Model

We applied the Kirkpatrick Model35

of training evaluation to studies of
the TEAM to determine the likely
impact of each study design on clini-
cal care. This four-level hierarchy of
educational impact ranks training
outcomes as: (i) reaction
(e.g. training is engaging, relevant);
(ii) learning (knowledge, skills or
confidence acquired); (iii) behaviour
(learnings are applied in practice);
(iv) results (clinical improvement
occurs as a result of training).
We classified each study according

to the level of outcome (documented
in Table S1). An assumption was
made that NTS practice through
simulated ‘training’ or through par-
ticipation in real-life emergencies is
related to participants’ experiential
learning. We then produced a visual

TABLE 2. Continued

Study/country of
origin Topic/design Disciplines/ sample

Training outcome: level of evaluation/
ratings/effect

Siems et al.30/USA Paediatric rapid response
team training through
crew resource management
training of team leaders,
then observations of events

Quasi-experimental pre-post-
test design

Paediatrics
interprofessionals; in
situ observations of
RRT activations were
performed pre and
post a leader training
intervention

Level 2 (Learning), Level 3 (Behaviour)
• TEAM total mean scores M = 11/44 (25%) were

significantly higher (P = <0.001) and Global
score improved M = 6.0 to 9.0 (P = <0.001)
after the intervention. Leadership was
significantly improved (P = 0.004)

All three categories of TEAM improved after leader
training: Leadership 2.5–3.5; Teamwork 2.7–3.7;
Task management 2.9–3.8, Targeted CRM
training of the team leader resulted in improved
overall team performance and team dynamics
that correlated with paediatric patients requiring
transfer to the ICU (other RRT team members
were not involved in training, limiting the overall
training outcome)

The TEAM is rated out of a possible 44 points for 10 items and the Global score is rated out of 10 points. Level of training outcome is based
on Kirkpatrick Model, described in a following section. CG, control group; IG, intervention group.
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map of training impacts (Fig. 1). As
a single study often involved dual
levels of evaluation, each level was
individually documented, signified
by a diamond symbol.
As shown in Figure 1, inter-

professional medical/nursing teams
were the most common TEAM train-
ing examples. Across the various set-
tings there was a strong focus on
Level 2 (Learning). Few studies sur-
veyed participants regarding their
Reaction (Level 1) but those that did
so19,23,24,30,33,36 generally described
positive themes confirming code
events as beneficial, and training as
relevant to participants.
There was a scarcity of training or

practice designed to evaluate the
impact on clinical practice (Level 3:
Behaviour change) or Level
4 (Results: impact on patients or on
healthcare services). No study
reported training impact at Level 4.

Discussion
The benefits of using a valid and reli-
able NTS assessment tool clearly
emerged from the 22 included pri-
mary studies. As seen in Table 2, the
TEAM demonstrated reliability and
validity across a range of studies and
was found to be feasible for trained
observers, peers and students from
10 countries across the world, incor-
porating nurses, midwives, medical
staff and students. Clinical settings
included ‘live’ evaluations and simu-
lated events conducted in emergency
units, obstetrics, neonatal care, paedi-
atrics and general hospital wards.
Team performance varied with

ratings ranging from approximately
90% for experienced clinical teams
down to 38% for students, with
notable performance improvements
following training interventions and
repeated practice. There was a par-
ticular focus on leadership skills
training which improved overall
NTS ratings, consistent with the
required role of the team leader to
orchestrate the team’s activities.11,30

This clearly indicates that leadership
and teamwork skills can be devel-
oped and perhaps debunks the argu-
ment that leaders are born rather
than made.37

Training impact was demonstrated
at Levels 1–3 on Kirkpatrick’s hier-
archy but with no outcomes at Level
4. This should be the focus of future
research to demonstrate the transla-
tional impact on patient care; for
example, an increase in resuscitation
survival following NTS training.
Of note, however, is that the stud-

ies tended to utilise research designs
at lower evidence levels with only
one experimental controlled study.
Well controlled longitudinal studies
would be of benefit here as the rating
of NTS at a single point in time has
substantially less benefits than mea-
sures that assess changes over time
(i.e. involving skill development and
decline).
Non-technical skills are a core com-

petency standard for emergency teams,
but international training and educa-
tion providers continue to focus pri-
marily on technical skills development.
This is an issue that needs to be
addressed as there is clear evidence,
for example, that both the non-
technical and technical skills of indi-
vidual rescuers effect the outcomes of
CPR.38 Hence, as shown by Kim and
Lee38 both should be an integral part
of resuscitation training. Nevertheless,
the last few years has seen a greater
focus on teamwork skills especially
following incidents that reflect failures

in patient safety.39 The incorporation
of important programmes such as
TeamSTEPPS40 is enhancing team-
work development and patient safety
and should be adopted globally.
Additionally, there is a need to

consider benchmarks for proficiency
in relation to NTS skills, for example
with the TEAM. Cooper et al.23 sug-
gest that a score of 33 or less out of
44 (≤75%) equates to a ‘poor’ per-
formance, 34–39 (77–88%) ‘good’,
≥40 (≥91%) excellent. Of course,
this can only ever be a rough guide
as situations and contexts vary
within and between emergency
teams, so measurement of perfor-
mance over time would be more
beneficial.
There were several limitations to

this review. Firstly, we decided to
map the use of only one teamwork
assessment tool – the TEAM. This
was primarily because of the volume
of published work with this particu-
lar tool. The reader should note that
there are other NTS measures and
that systematic reviews have been
published that compare their effi-
cacy. Notably, a review by the
American Heart Association5 recom-
mends TEAM as a pre-eminent
instrument to measure NTS, and
TEAM was lauded in another review
as a valid and easy to use tool.41

• IP clinician teams ♦♦
• Med Residents ♦

• IP clinician teams ♦♦♦♦♦♦♦♦
• IP student teams ♦

• Med Residents ♦♦♦♦♦♦
• Nurses ♦♦

• Nursing students ♦

• IP clinician teams ♦♦♦♦♦♦
• IP student teams ♦
• Drs/Med residents ♦♦
• Nurses ♦♦
• Nursing students ♦

Level 1 
REACTION

Level 2 
LEARNING

Level 3 
BEHAVIOR  

Level 4 
RESULTS

Figure 1. Training impact: four levels of training evaluation in Team Emergency
Assessment Measure studies by samples. Each ♦ symbol represents one study; IP,
interprofessional; med, medicine.
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Secondly, a risk of publication bias
cannot be excluded as it is possible
that studies are only submitted for
publication where there has been a
positive outcome/effect. Further to
this, we detected a balance in
reporting as two of the included
studies in this mapping review report
no differences between control and
intervention groups after
training.29,30

Conclusions
The TEAM is endorsed as a valid
assessment tool for rating the NTS
of medical emergency teams, in both
‘live’ events and simulated training.
The tool is widely cited in over
270 studies internationally and has
also been validated in primary stud-
ies of French, German and Swedish
translations.
In this paper, we mapped validity

evidence across 11 studies that
provided change data and describe
positive learning outcomes across
the majority of studies. However,
research in the field has yet to
mature beyond the impact of staff
professional development and imme-
diate post-training assessments. The
review highlights a lack of studies
that provide evidence for quality
improvements, for example, the
transfer of NTS competencies into
clinical practice changes (Kirkpatrick
Level 3: Behaviour) and NTS perfor-
mance related to patient outcomes or
health service performance (Level 4:
Results). In the meantime, NTS
training and repeated performance
evaluations using the TEAM contrib-
ute immensely to the proficiency of
medical emergency teams.
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