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In recent years, the importance of training healthcare professionals in non-tech-
nical skills (NTS) using effective methods to prevent clinical errors in health 
care has been increasingly recognised. Healthcare professionals are frequently 
taught NTS through simulation. The aim of our scoping review was to examine 
the validation evidence for tools used to assess NTS in multidisciplinary teams 
in simulation-based clinical education. A literature search was conducted in 
the PubMed and Web of Science databases using predefined inclusion and ex-
clusion criteria. A total of ten studies were included in the final analysis. Seven 
different assessment tools were identified, with the Team Emergency Assess-
ment Measure (TEAM) and the Non-Technical Skills for Trauma (T-NOTECHS) 
used more than once. The most frequently assessed NTS within each tool were 
communication skills, situation awareness, teamwork/cooperation, and lead-
ership skills. While many of the examined assessment tools undergo validation 
for scoring and generalisation inference, there is a scarcity of tools validated for 
extrapolation inference such as factor analysis.

Keywords: simulation-based education, multidisciplinary teams, team training, 
assessment tools, non-technical skills.
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Introduction
Non-technical skills (NTS) are defined as cognitive, social and personal skills 
that complement technical skills and contribute to a safe and efficient execu-
tion of tasks (Flin et al., 2010). Failures in NTS have been shown to increase the 
risk of serious adverse events in the workplace (Uramatsu et al., 2017). Clinical 
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errors that occur in the performance of healthcare activities have a significant 
impact on patient safety, and increase mortality and morbidity, as well as fi-
nancial costs to healthcare systems (Anderson & Abrahamson, 2017; Kavana-
gh et al., 2017), with poor communication and teamwork being the leading 
causes of clinical errors (Müller et al., 2018). Traditionally, nursing students are 
trained in environments that focus on the acquisition of clinical knowledge 
and the development of technical skills, while NTS are not commonly em-
phasised (Pires et al., 2017), leading to errors in patient care (Asensi-Vicente 
et al., 2018). 

Compared to conventional methods, simulation-based learning has been 
shown to be a more effective strategy for obtaining NTS in a safe and con-
trolled environment (Chernikova et al., 2020; Lynch, 2020). Research shows 
that simulation helps healthcare professionals to improve teamwork, com-
munication and critical decision-making in complex patient care (Schmidt et 
al., 2024; Tofil et al., 2014). Integrating simulation into healthcare education 
and training programmes offers several advantages. First, simulation pro-
vides a structured and standardised platform for healthcare professionals 
to learn and apply NTS in realistic settings (Lee et al., 2024). This hands-on 
approach allows for immediate feedback and reflection, which are essential 
for continuous improvement and skills development. Moreover, simulation 
encourages interdisciplinary collaboration by bringing together healthcare 
professionals from different disciplines to work as a cohesive team. Such a 
collaborative environment mirrors the real-world clinical setting where effec-
tive teamwork is essential for high-quality patient care (Babiker et al., 2014; 
Rosen et al., 2018). Through simulation, healthcare professionals can learn to 
manage team dynamics, enhance their leadership skills and adapt to different 
healthcare scenarios (Schram et al., 2024; Schram et al., 2021). Due to its pos-
itive impact on patient-centred care, multidisciplinary teamwork in health-
care, involving physicians, nurses, and other professionals, has received con-
siderable research attention (Baek et al., 2023; Gantayet-Mathur et al., 2022). 

Assessing the effectiveness of simulation-based training in teaching NTS 
requires valid and reliable assessment tools (Gourbault et al., 2022). Such 
tools must provide accurate measurement of individual and team compe-
tencies in different simulation scenarios (Hofmann et al., 2021). Validity in this 
context means ensuring that the assessment tools used assess the intended 
NTS comprehensively and reliably (Flin et al., 2003). It is essential that crew 
resource management training and assessment tools are specifically tailored 
to address the identified NTS required in a given profession (Hamilton et al., 
2019). The aim of this scoping review was therefore to examine the validation 
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evidence for tools used to assess NTS in multidisciplinary teams in simula-
tion-based clinical education.

Materials and Methods
For the purposes of the study, a scoping literature review was conducted to 
compile relevant studies. A thematic analysis was then conducted to exami-
ne and categorise the main themes.

Method of Review
The literature search was conducted in the PubMed and Web of Science 
databases. We used the following search terms: ‘interprofessional’, ‘interdis-
ciplinary’, ‘multiprofessional’, ‘multidisciplinary’, ‘team’, ‘non-technical skills’, 
‘assessment tool’, ‘evaluation tool’, ‘medical education’, ‘nursing education’, 
‘nursing student’, ‘medical student’, ‘healthcare’, ‘high fidelity simulation’, ‘pa-
tient simulation’ and ‘simulation training’. We combined these search terms 
using the Boolean operators ‘OR’ and ‘AND’, which produced the final results. 
The search was conducted in June 2024 and was limited to original, peer-re-
viewed scientific articles in English that were indexed between 1 January 2013 
and 31 December 2023. These articles involved interprofessional healthcare 
teams composed of professionals or students from different healthcare pro-
fessions (e.g. nurses, gynaecologists, respiratory therapists).

Review Results 
Figure 1 shows the literature search and selection process according to the 
PRISMA methodology (Page et al., 2021). The initial search retrieved 138 re-
cords. Prior to screening, 31 duplicates were removed, 107 records were 
screened by title and abstract and 39 by full text. Finally, 10 articles were in-
cluded in the detailed literature analysis.

The literature was selected on the basis of a rigorous assessment of the rel-
evance and quality of the articles in question. The quality of the articles was 
assessed using critical appraisal tools developed by the Joanna Briggs Insti-
tute (JBI): the JBI Checklist for Quasi-Experimental Studies and the JBI Check-
list for Cohort Studies. The articles were initially assessed by two researchers. 
In the event of disagreement, the third and fourth authors were consulted 
to resolve the differences. Each article was assigned a grade on a four-point 
scale: inadequate, sufficient (C), good (B) and excellent (A). Following the as-
sessment of article quality, six studies were categorised as good quality and 
four as excellent quality.
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Results
The analysis included ten studies addressing tools for the assessment of NTS 
in multidisciplinary teams in simulation-based clinical education. Nine stud-
ies (Alegret et al., 2023; Calhoun et al., 2014; Carpini et al., 2021; Cooper & Cant, 
2014; Couto et al., 2015; Freytag et al., 2019; Phitayakorn et al., 2014; Repo et al., 
2019; Zhang et al., 2015) used a single assessment tool, and one study (Briggs 
et al., 2015) used two different assessment tools for the assessment of team-
work NTS. Table 1 shows the primary characteristics of the studies included 
in the final analysis, with a focus on the objective of the research, the target 
population, the location where the simulation was performed, and the simu-
lation modality involved in the study.
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Statement Flow Diagram (Page et al., 2021).
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A total of seven different NTS assessment tools were identified in the stud-
ies. The Team Emergency Assessment Measure (TEAM) tool was used in four 
studies analysed, while the Non-Technical Skills for Trauma (T-NOTECHS) tool 
was used in two studies. Other tools were employed in a single study only. 
All the mentioned tools were used in a multitude of clinical scenarios, all of 
which focused on the management of critically ill patients, whether adults 
or children, in high-risk environments such as the emergency department or 
operating room. In these scenarios, the healthcare teams consisted primarily 
of physicians, particularly surgeons, paediatricians and anaesthesiologists, 
as well as nurses. However, some scenarios also included multidisciplinary 
teams consisting of respiratory therapists, paramedics, pharmacists, and 
students from various healthcare disciplines, reflecting the diverse and col-
laborative nature of real-world clinical care. The scenarios were conducted in 
either a simulation laboratory or a real clinical setting (in-situ simulation). The 
most commonly used simulation modality was the high-fidelity simulator.

Table 2 lists the NTS skills in the seven assessment tools evaluated. The 
most frequently assessed NTS, as determined by the frequency count, were 
communication (n = 6), situation awareness (n = 5), cooperation/teamwork 
(n = 5), and leadership (n = 4). While all tools assess three to five NTS domains, 
the number of items in each tool varies considerably, ranging from four items 
(Non-Technical Skills for Surgeons – NOTSS) to 46 items (Team Performance 
During Simulated Crises Instrument – TPDSCI). Each study reported validation 
evidence for its quantitative assessment strategy, either within the same arti-
cle or by citing a related article that included this information. Seven studies 
used previously established NTS assessment tools, and the remaining three 
studies utilised newly developed or modified assessment strategies. Most of 
the assessment tools included had been validated in terms of scoring and 
generalisation. A smaller number of tools had been validated for extrapola-
tion inference, such as factor analysis. Internal consistency was reported for 
four assessment tools. The reported rater agreement and internal consisten-
cy scores were all above 0.7 (acceptable), with most scores above 0.8 (good) 
in the case of the TEAM tool. All tools demonstrated satisfactory inter-rater re-
liability, as indicated by intra-class correlation or kappa coefficients. However, 
only two tools (Team Performance Observation Tool – TPOT and TEAM) were 
subjected to a test-retest reliability assessment. Factor analysis was conduct-
ed for TEAM (Freytag et al., 2019) and T-NONTECHS (Repo et al., 2019), reveal-
ing a robust construct validity in both cases. There were also other validation 
parameters for the included assessment strategies, such as content validity 
using the content validity index (CVI), unidimensional validity or face validity.



314

Igor Karnjuš, Kristina Martinović, Jakob Renko, and Patrik Pucer

Ta
bl

e 
1 

�Ke
y 

In
fo

rm
at

io
n 

fro
m

 S
tu

di
es

 A
dd

re
ss

in
g 

To
ol

s t
o 

As
se

ss
 Te

am
w

or
k 

an
d 

N
on

–t
ec

hn
ic

al
 S

ki
lls

 in
 S

im
ul

at
io

n–
ba

se
d 

M
ul

tid
is

ci
pl

in
ar

y 
Cl

in
ic

al
 

Ed
uc

at
io

n

Au
th

or
, y

ea
r/c

ou
nt

ry
NT

S t
oo

l
Ob

jec
tiv

es
Ta

rg
et

 po
pu

lat
ion

Sim
ul

at
ion

 lo
ca

tio
n/

sim
ul

at
ion

 m
od

ali
ty

M
ed

ica
l f

iel
d

(C
alh

ou
n e

t a
l.,

 20
14

)/
US

A
TP

DS
CI

Th
e o

bj
ec

tiv
e w

as
 to

 as
se

ss
 te

am
 pe

rfo
rm

an
ce

 du
rin

g 
sim

ul
at

ed
 cr

ise
s, 

qu
an

tif
yin

g t
ea

m
 se

lf–
in

sig
ht

, a
nd

 
an

aly
sin

g s
es

sio
n c

on
te

nt
 us

in
g a

 vi
de

o r
ev

iew
 to

 
un

de
rst

an
d t

he
 im

pa
ct 

of
 hi

er
ar

ch
y e

rro
rs 

on
 co

m
m

un
ica

tio
n 

an
d t

ea
m

 dy
na

m
ics

.

Pa
ed

iat
ric

 Em
er

ge
nc

y D
ep

ar
tm

en
t t

ea
m

 
(p

hy
sic

ian
s a

nd
 nu

rse
s),

 a 
to

ta
l o

f 5
 se

ss
ion

s 
co

nd
uc

te
d.

Sim
 la

b/
HF

S
Pa

ed
iat

ric
 

em
er

ge
nc

y 

(C
oo

pe
r &

 Ca
nt

, 2
01

4)
/

Au
str

ali
a a

nd
 U

K
TE

AM
Th

e o
bj

ec
tiv

e w
as

 to
 as

se
ss

 th
e v

ali
di

ty
 an

d r
eli

ab
ilit

y o
f t

he
 

TE
AM

 in
 m

ea
su

rin
g N

TS
 in

 m
ed

ica
l e

m
er

ge
nc

y t
ea

m
s.

M
ed

ica
l e

m
er

ge
nc

y t
ea

m
s (

po
pu

lat
ion

 sa
m

pl
e 

siz
e i

nc
lu

de
d 9

7 H
CP

s).
Sim

 la
b/

SP
Em

er
ge

nc
y 

(P
hi

ta
ya

ko
rn

 et
 al

., 
20

14
)/U

SA
OT

AS
Th

e s
tu

dy
 ai

m
ed

 to
 de

te
rm

in
e t

he
 fe

as
ib

ilit
y o

f a
ss

es
sin

g O
R 

pr
of

es
sio

na
ls’

 te
am

w
or

k i
n h

ig
h–

fid
eli

ty
 O

R s
im

ul
at

ion
s.

Th
e s

tu
dy

 in
vo

lve
d f

ive
 O

R t
ea

m
s 

(a
na

es
th

es
iol

og
y r

es
id

en
ts,

 ge
ne

ra
l s

ur
ge

ry
 

re
sid

en
ts,

 an
d O

R n
ur

se
s o

r s
ur

gi
ca

l t
ec

hn
ici

an
s).

In
–s

itu
/H

FS
OR

 
m

an
ag

em
en

t 

(B
rig

gs
 et

 al
., 2

01
5)

/
US

A
NO

TS
S a

nd
 T–

NO
TE

CH
S 

Th
e s

tu
dy

 so
ug

ht
 to

 in
ve

sti
ga

te
 th

e d
et

er
ior

at
ion

 of
 N

TS
 ov

er
 

th
e c

ou
rse

 of
 si

m
ul

at
ed

 tr
au

m
a s

ce
na

rio
s a

nd
 as

se
ss

 th
e 

co
rre

lat
ion

 be
tw

ee
n c

og
ni

tiv
e N

TS
  s

co
re

s a
nd

 cr
iti

ca
l t

as
k 

pe
rfo

rm
an

ce
.

20
 te

am
s (

su
rg

ica
l r

es
id

en
ts,

 em
er

ge
nc

y 
m

ed
ici

ne
 re

sid
en

ts,
 em

er
ge

nc
y d

ep
ar

tm
en

t 
nu

rse
s, 

an
d e

m
er

ge
nc

y s
er

vic
es

 as
sis

ta
nt

s).

Sim
 la

b/
HF

S
Em

er
ge

nc
y 

(C
ou

to
 et

 al
., 2

01
5)

/
US

A
TE

AM
Th

e o
bj

ec
tiv

e w
as

 to
 es

ta
bl

ish
 ba

se
lin

e t
ea

m
w

or
k 

be
ha

vio
ur

s a
m

on
g p

ae
di

at
ric

 em
er

ge
nc

y
m

ed
ici

ne
 pr

ov
id

er
s d

ur
in

g a
ctu

al 
an

d s
im

ul
at

ed
 

em
er

ge
nc

ies
, a

nd
 to

 ev
alu

at
e d

iff
er

en
ce

s i
n t

ea
m

w
or

k 
be

ha
vio

ur
s a

m
on

g i
n–

sit
u s

im
ul

at
ion

s, 
in

–c
en

tre
 

sim
ul

at
ion

s, 
an

d a
ctu

al 
em

er
ge

nc
ies

.

HC
Ps

 w
ho

w
or

k i
n E

D 
(p

hy
sic

ian
s, 

nu
rse

s, 
re

sp
ira

to
ry

 
th

er
ap

ist
s, 

pa
ra

m
ed

ics
, p

at
ien

t c
ar

e a
ss

ist
an

ts,
 

an
d p

ha
rm

ac
ist

s).

Sim
 la

b a
nd

 in
–s

itu
/

HF
S 

Pa
ed

iat
ric

 
em

er
ge

nc
y c

ar
e

(Z
ha

ng
 et

 al
., 2

01
5)

/
US

A
TP

OT
Th

e r
es

ea
rch

 ob
jec

tiv
es

 w
er

e t
o d

ec
re

as
e t

he
 su

bj
ec

tiv
ity

 
of

 th
e T

PO
T b

y e
sta

bl
ish

in
g s

ce
na

rio
–s

pe
cif

ic 
ta

rg
et

ed
 

be
ha

vio
ur

al 
m

ar
ke

rs 
(T

BM
s) 

an
d d

et
er

m
in

e t
he

 
ps

yc
ho

m
et

ric
 pr

op
er

tie
s o

f t
he

 TP
OT

 w
ith

 th
e u

se
 of

 TB
M

s.

47
 st

ud
en

ts 
in

 th
e D

oc
to

r o
f P

hy
sic

al 
Th

er
ap

y 
pr

og
ra

m
m

e a
nd

 25
 se

ni
or

–l
ev

el 
stu

de
nt

s i
n t

he
 

Ba
ch

elo
r o

f S
cie

nc
e i

n N
ur

sin
g p

ro
gr

am
m

e.

Sim
 la

b/
HF

S
Em

er
ge

nc
y –

 
tra

um
a c

ar
e

Co
nt

inu
ed

 on
 ne

xt 
pa

ge



315

Assessment Tools for Non-Technical Skills 
Au

th
or

, y
ea

r/c
ou

nt
ry

NT
S t

oo
l

Ob
jec

tiv
es

Ta
rg

et
 po

pu
lat

ion
Sim

ul
at

ion
 lo

ca
tio

n/
sim

ul
at

ion
 m

od
ali

ty
M

ed
ica

l f
iel

d

(F
re

yt
ag

 et
 al

., 2
01

9)
/

Ge
rm

an
y

TE
AM

Th
e o

bj
ec

tiv
e w

as
 to

 co
m

pa
re

 no
vic

e a
nd

 ex
pe

rt 
ra

tin
gs

 
us

in
g t

he
 TE

AM
 in

 si
m

ul
at

ed
 em

er
ge

nc
ies

 to
 de

te
rm

in
e i

f 
ra

te
rs 

w
ith

 lim
ite

d e
xp

er
ien

ce
 ca

n p
ro

vid
e r

eli
ab

le 
da

ta
 on

 
te

am
w

or
k b

eh
av

iou
r.

HC
Ps

 w
or

kin
g i

n e
m

er
ge

nc
y d

ep
ar

tm
en

t 
(p

hy
sic

ian
s, 

ps
yc

ho
lo

gi
sts

).
In

–s
itu

/S
P a

nd
 H

FS
 

Em
er

ge
nc

y 

(R
ep

o e
t a

l.,
 20

19
)/

Fin
lan

d
T–

NO
NT

EC
HS

Th
e r

es
ea

rch
 ai

m
ed

 to
 as

se
ss

 th
e t

ra
ns

lat
ab

ilit
y o

f t
he

 
T–

NO
TE

CH
S i

nt
o a

 no
n–

An
gl

o–
Sa

xo
n l

an
gu

ag
e a

nd
 

in
ve

sti
ga

te
 it

s p
sy

ch
om

et
ric

 pr
op

er
tie

s f
or

 si
m

ul
at

ed
 m

ul
ti–

pr
of

es
sio

na
l t

ra
um

a t
ea

m
 re

su
sc

ita
tio

ns
.

19
3 m

ul
ti–

pr
of

es
sio

na
l p

ar
tic

ip
an

ts:
 

an
ae

sth
es

iol
og

ist
s, 

su
rg

eo
ns

, p
ae

di
at

ric
ian

s, 
em

er
ge

nc
y m

ed
ici

ne
 re

sid
en

ts,
 nu

rse
s, 

an
d n

ur
se

 
stu

de
nt

s.

In
–s

itu
/H

FS
Em

er
ge

nc
y –

 
tra

um
a c

ar
e

(C
ar

pi
ni

 et
 al

., 2
02

1)
/

Au
str

ali
a

TE
AM

Th
e o

bj
ec

tiv
es

 w
er

e t
o v

ali
da

te
 th

e T
EA

M
 in

 ob
ste

tri
c a

nd
 

gy
na

ec
ol

og
ic 

re
su

sc
ita

tio
n t

ea
m

s t
hr

ou
gh

 si
m

ul
at

ion
s, 

an
d 

to
 as

se
ss

 th
e t

ea
m

s’ 
NT

S a
nd

 co
m

m
un

ica
tio

n a
bi

lit
ies

.

M
ul

tid
isc

ip
lin

ar
y t

ea
m

s (
po

pu
lat

ion
 sa

m
pl

e 
siz

e 4
52

), 
w

ho
 ha

d u
nd

er
go

ne
 si

m
ul

at
ion

s o
f 

ob
ste

tri
c a

nd
 gy

na
ec

ol
og

ic 
em

er
ge

nc
ies

.

Sim
 la

b/
HF

S
Ob

ste
tri

cs
 an

d 
gy

na
ec

ol
og

y

(A
leg

re
t e

t a
l.,

 20
23

)/
Sp

ain
CA

TS
 

Th
e s

tu
dy

 ai
m

ed
 to

 ev
alu

at
e t

ea
m

w
or

k a
cq

ui
sit

ion
 of

 N
TS

 
th

ro
ug

h c
lin

ica
l s

im
ul

at
ion

 ca
se

s b
y p

ar
tic

ip
an

ts 
in

 a 
CR

M
 

po
lyt

ra
um

a c
ou

rse
.

12
 tr

au
m

a t
ea

m
 gr

ou
ps

 (a
na

es
th

es
iol

og
ist

, 
ge

ne
ra

l s
ur

ge
on

, t
ra

um
at

ol
og

ist
, r

eg
ist

er
ed

 
nu

rse
s, 

nu
rsi

ng
 as

sis
ta

nt
, a

nd
 st

re
tch

er
 be

ar
er

), 
to

ta
llin

g t
o 8

4 H
CP

s.

In
–s

itu
/H

FS
OR

 
m

an
ag

em
en

t

Le
ge

nd
 

CA
TS

 –
 C

om
m

un
ic

at
io

n 
an

d 
Te

am
w

or
k 

Sk
ill

s; 
H

CP
s –

 h
ea

lth
ca

re
 p

ro
fe

ss
io

na
ls

; H
FS

 –
 h

ig
h–

fid
el

ity
 si

m
ul

at
or

; N
O

TS
S 

– 
N

on
–T

ec
hn

ic
al

 
Sk

ill
s f

or
 S

ur
ge

on
s; 

N
TS

 –
 n

on
–t

ec
hn

ic
al

 sk
ill

s; 
O

R 
– 

op
er

at
in

g 
ro

om
; O

TA
S 

– 
O

bs
er

va
tio

na
l T

ea
m

w
or

k 
A

ss
es

sm
en

t f
or

 S
ur

ge
ry

; S
im

 la
b 

– 
si

m
ul

at
io

n 
la

bo
ra

to
ry

; S
P 

– 
st

an
da

rd
is

ed
 p

at
ie

nt
; T

EA
M

 –
 Te

am
 E

m
er

ge
nc

y 
A

ss
es

sm
en

t M
ea

su
re

; T
–N

O
TE

CH
S 

– 
Tr

au
m

a 
N

O
n–

TE
CH

ni
ca

l S
ki

lls
; T

PD
SC

I –
 Te

am
 

Pe
rf

or
m

an
ce

 D
ur

in
g 

Si
m

ul
at

ed
 C

ris
es

 In
st

ru
m

en
t; 

TP
O

T 
– 

Te
am

 P
er

fo
rm

an
ce

 O
bs

er
va

tio
n 

To
ol

.

Ta
bl

e 
2 

N
on

–t
ec

hn
ic

al
 S

ki
lls

 A
ss

es
sm

en
t T

oo
ls

NT
S t

oo
l

As
se

ss
m

en
t s

kil
ls

No
. o

f it
em

s/
re

sp
on

se
 sc

ale
Ar

tic
le 

in
 w

hi
ch

 to
ol

 is
 di

sc
us

se
d 

Re
lia

bi
lit

y
Va

lid
ity

CA
TS

Fo
ur

 do
m

ain
s: 

sit
ua

tio
n a

w
ar

en
es

s; 
co

or
di

na
tio

n;
 

co
m

m
un

ica
tio

n;
 co

op
er

at
ion

. 
21

 it
em

s
3–

po
in

t s
ca

le
(A

leg
re

t e
t a

l.,
 20

23
)

In
te

r–
ra

te
r (

IC
C 0

.8
0)

/

NO
TS

S
Fo

ur
 do

m
ain

s: 
sit

ua
tio

n a
w

ar
en

es
s; 

de
cis

ion
 

m
ak

in
g;

 co
m

m
un

ica
tio

n;
 te

am
w

or
k. 

4 i
te

m
s 

4–
po

in
t s

ca
le

(B
rig

gs
 et

 al
., 2

01
5)

In
te

r–
ra

te
r (

k 0
.8

3)
/ Co

nt
inu

ed
 on

 ne
xt 

pa
ge



316

Igor Karnjuš, Kristina Martinović, Jakob Renko, and Patrik Pucer

NT
S t

oo
l

As
se

ss
m

en
t s

kil
ls

No
. o

f it
em

s/
re

sp
on

se
 sc

ale
Ar

tic
le 

in
 w

hi
ch

 to
ol

 is
 di

sc
us

se
d 

Re
lia

bi
lit

y
Va

lid
ity

OT
AS

Fiv
e d

om
ain

s: 
co

m
m

un
ica

tio
n;

 co
op

er
at

ion
/

ba
ck

 up
be

ha
vio

ur
; c

oo
rd

in
at

ion
; le

ad
er

sh
ip

; t
ea

m
m

on
ito

rin
g/

sit
ua

tio
n a

w
ar

en
es

s. 

15
 it

em
s 

7–
po

in
t s

ca
le

(P
hi

ta
ya

ko
rn

 et
 al

., 2
01

4)
In

te
r–

ra
te

r (
IC

C 0
.4

2 –
0.

90
)

/

TE
AM

Th
re

e d
om

ain
s: 

lea
de

rsh
ip

; t
ea

m
w

or
k; 

ta
sk

 
m

an
ag

em
en

t. 
11

 it
em

s
5–

po
in

t s
ca

le 
(C

ou
to

 et
 al

., 2
01

5)
 (o

rig
in

al 
cit

at
ion

 
Co

op
er

 et
 al

., 2
01

0)
In

te
rn

al 
co

ns
ist

en
cy

 (C
ro

nb
ac

h α
 –

 0.
89

)
In

te
r–

ra
te

r (
k 0

.5
5)

Te
st–

re
te

st 
(k

 0.
53

)

Co
nt

en
t (

CV
I 0

.9
6)

Co
nc

ur
re

nt
 

(F
re

yt
ag

 et
 al

., 2
01

9)
In

te
r–

ra
te

r (
IC

C 0
.6

6)
Co

ns
tru

ct 
(5

9%
 an

d 
65

%
 va

ria
nc

e)
(C

oo
pe

r &
 Ca

nt
, 2

01
4)

In
te

rn
al 

co
ns

ist
en

cy
 (C

ro
nb

ac
h α

 –
 0.

97
)

In
te

r–
ra

te
r (

k 0
.5

5)
Un

i–
di

m
en

sio
na

l
Co

ns
tru

ct 
(8

3%
 

va
ria

nc
e)

(C
ar

pi
ni

 et
 al

., 2
02

1)
In

te
rn

al 
co

ns
ist

en
cy

 (C
ro

nb
ac

h α
 –

 0.
97

)
In

te
r–

ra
te

r (
IC

C 0
.9

8)
Co

ns
tru

ct 
(N

D)
Co

nv
er

ge
nt

T–
NO

TE
CH

S
Fiv

e d
om

ain
s: 

co
m

m
un

ica
tio

n;
 si

tu
at

ion
 

aw
ar

en
es

s; 
co

op
er

at
ion

; le
ad

er
sh

ip
; a

ss
es

sm
en

t/
de

cis
ion

–m
ak

in
g.

  

5 i
te

m
s

5–
po

in
t s

ca
le

(R
ep

o e
t a

l.,
 20

19
)

In
te

rn
al 

co
ns

ist
en

cy
 (C

ro
nb

ac
h α

 –
 0.

70
) 

In
te

r–
ra

te
r (

IC
C 0

.5
4)

Co
ns

tru
ct 

(5
6.

8%
 

va
ria

nc
e)

 

(B
rig

gs
 et

 al
., 2

01
5)

In
te

r–
ra

te
r (

k 0
.4

0)
TP

DS
CI

Fiv
e d

om
ain

s: 
m

ed
ica

l k
no

w
led

ge
; c

lin
ica

l s
kil

l; 
co

m
m

un
ica

tio
n s

kil
ls;

 pr
of

es
sio

na
lis

m
; s

ys
te

m
s–

ba
se

d p
ra

cti
ce

. 

46
 it

em
s

3–
po

in
t s

ca
le

(C
alh

ou
n e

t a
l.,

 20
14

) (
or

ig
in

al 
cit

at
ion

 
Ca

lh
ou

n e
t a

l.,
 20

11
)

In
te

rn
al 

co
ns

ist
en

cy
 (C

ro
nb

ac
h α

 –
 0.

72
)

In
te

r–
ra

te
r (

IC
C 0

.8
2)

/

TP
OT

Fiv
e d

om
ain

s: 
te

am
 st

ru
ctu

re
; le

ad
er

sh
ip

; 
sit

ua
tio

n m
on

ito
rin

g;
 m

ut
ua

l s
up

po
rt;

 
co

m
m

un
ica

tio
n.

25
 it

em
s 

5–
po

in
t s

ca
le 

  
(Z

ha
ng

 et
 al

., 2
01

5)
In

te
rn

al 
co

ns
ist

en
cy

 (C
ro

nb
ac

h (
α –

 0.
92

) 
Te

st–
re

te
st 

(k
 0.

71
) 

In
te

r–
ra

te
r (

k 0
.7

3)
) 

Fa
ce

Le
ge

nd
 

CA
TS

 –
 C

om
m

un
ic

at
io

n 
an

d 
Te

am
w

or
k 

Sk
ill

s; 
CV

I –
 c

on
te

nt
 v

al
id

ity
 in

de
x;

 IC
C 

– 
in

tr
ac

la
ss

 c
or

re
la

tio
n;

 k
 –

 k
ap

pa
; N

D
 –

 n
ot

 d
efi

ne
d;

 N
O

TS
S 

– 
N

on
–T

ec
hn

ic
al

 S
ki

lls
 fo

r S
ur

ge
on

s; 
N

TS
 –

 n
on

–t
ec

hn
ic

al
 sk

ill
s; 

O
TA

S 
– 

O
bs

er
va

tio
na

l T
ea

m
w

or
k 

A
ss

es
sm

en
t f

or
 S

ur
ge

ry
; T

EA
M

 –
 Te

am
 E

m
er

ge
nc

y 
As

se
ss

m
en

t M
ea

su
re

; T
–N

O
TE

CH
S 

– 
N

on
–t

ec
hn

ic
al

 sk
ill

s s
ca

le
 fo

r t
ra

um
a;

 T
PD

SC
I –

 T
he

 Te
am

 P
er

fo
rm

an
ce

 D
ur

in
g 

Si
m

ul
at

ed
 C

ris
es

 In
st

ru
m

en
t; 

TP
O

T 
– 

Te
am

 P
er

fo
rm

an
ce

 O
bs

er
va

tio
n 

To
ol

.



317

Assessment Tools for Non-Technical Skills 

Discussion
We conducted a systematic literature review to examine validation evidence 
for the tools used to assess NTS in multidisciplinary, simulation-based clin-
ical education. Based on this review, we identified seven assessment tools 
that are suitable for evaluating NTS in simulated environments, particularly 
for multidisciplinary healthcare teams, as these skills are crucial for their ef-
fectiveness. Similar to technical skills, mastering NTS involves more than just 
acquiring knowledge or reaching a certain competency level – it requires the 
ongoing and accurate application of these skills in clinical practice (Garbee 
et al., 2021). 

The tools examined in this study were designed to identify the key elements 
of NTS that are crucial for safe and efficient clinical care, and to evaluate these 
skills through simulation-based scenarios. The results of our literature review 
demonstrate that the seven tools we identified are mainly built around four 
NTS domains: communication, situation awareness, teamwork and leader-
ship, which is also consistent with the findings of Gawronski et al. (2022). In 
their literature review, Garbee et al. (2021) identified two additional domains 
frequently categorised as NTS tools: decision making and task management, 
which are often included within ‘leadership’, ‘teamwork’ or ‘situation aware-
ness’ (Gawronski et al., 2022). In addition, Garbee et al. (2021) show that the 
six NTS domains in the ten tools studied have overlaps and convergences 
that are consistent with recognised frameworks for teamwork in different in-
dustries. They also emphasise that the inclusion of additional tools to assess 
multidisciplinary teams in systematic reviews would not lead to the emer-
gence of new related NTS domains.

The results of our review of the psychometric properties of various tools, 
including validity and reliability, suggest that the TEAM tool is a suitable op-
tion for assessing NTS in multidisciplinary teams in simulation-based clinical 
education. The TEAM tool was employed in four of the studies analysed. The 
tool comprises three domains (leadership, teamwork, and task management) 
and 11 items. The TEAM was studied in medical emergency and obstetric/
gynaecologic settings (Gawronski et al., 2022). Originally designed to evalu-
ate teamwork performance in both real and simulated emergency scenarios 
(Cooper et al., 2010), the tool has undergone extensive psychometric test-
ing, including measures such as Cronbach’s α, ICC, CVI, and Cohen’s κ (von 
Wendt & Niemi-Murola, 2018). Its face validity and content validity have been 
reviewed by an international panel of resuscitation experts, demonstrating 
strong internal consistency and moderate-to-high inter-rater reliability (Coo-
per & Cant, 2014; Gawronski et al., 2022). However, although the tool is reliable 
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and feasible, it lacks validation for real and simulated paediatric and clinical 
events (Couto et al., 2015).

Another tool that also produced positive results in terms of psychomet-
ric properties was the T-NOTECHS tool. The T-NOTECHS was developed to 
teach and assess the teamwork skills in multidisciplinary trauma resuscita-
tion teams (Pires et al., 2017). The tool is divided into five domains: leadership, 
cooperation and resource management, communication and interaction, as-
sessment and decision-making, and situation awareness/coping with stress 
(Briggs et al., 2015). The T-NOTECHS shows good construct validity and mod-
erate internal consistency and inter-rater agreement (Repo et al., 2019). It has 
good sensitivity with adequate content validity, face validity and feasibility, 
but further evidence is needed to support its reliability in real-time settings 
(Stevenson et al., 2022).

Other tools included in this review require further investigation to fully as-
sess their quality before they can be recommended for use in multidiscipli-
nary simulation training. Five NTS tools received a generally positive rating 
for their inter-rater reliability and internal consistency, with at least moderate 
quality evidence, but further testing is needed to assess their construct va-
lidity. Importantly, none of the tools in this review were deemed unsuitable 
for multidisciplinary simulation training, as there was no strong evidence of 
inadequacies in their psychometric properties. 

In our literature review, we focused exclusively on tools used to assess NTS 
in multidisciplinary teams. Higham et al. (2019) state that it is crucial that each 
assessment tools be customised for the specific medical speciality and stage 
of training. Given the distinctive characteristics of different medical special-
ities, individual disciplines have sought to develop more targeted tools to 
assess more specific NTS. In health care, over 70 different assessment tools 
for NTS have been developed over the years, posing challenges for educators 
when selecting the most suitable one. Moreover, there is increasing recog-
nition of the need for multidisciplinary simulation-based training to foster 
collaboration between healthcare professionals, as it enhances teamwork 
and communication as the fundamental skills for optimal patient care (Elen-
du et al., 2024). In order to facilitate this, it is essential to have tools that assess 
broader NTS that are vital for effective interprofessional collaboration.

The increasing use of digital simulation technologies, encompassing vir-
tual reality (VR), augmented reality (AR), and artificial intelligence-driven 
training tools, has led to substantial advancements in the field of healthcare 
simulation-based education. These technologies offer an immersive and in-
teractive learning environment, enabling multidisciplinary healthcare teams 
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to develop and assess NTS in a controlled and reproducible manner (Lee et 
al., 2024). Furthermore, the accessibility of digital simulations has been en-
hanced by the emergence of cloud-based platforms and remote learning 
tools, enabling training to extend beyond traditional physical simulation 
centres (Chernikova et al., 2020). However, the integration of these technolo-
gies into standardised digital education frameworks remains a challenge. Ac-
cording to the European Framework for the Digital Competence of Educators 
(DigCompEdu), effective use of digital tools in education requires structured 
implementation, including alignment with competency-based learning out-
comes and faculty training (Redecker & Punie, 2017). Ensuring that digital sim-
ulation aligns with such frameworks will support its broader adoption and 
enhance its impact on healthcare education.

There are several limitations to our systematic review. Firstly, our literature 
search was conducted using only two research databases. While these data-
bases are comprehensive and encompass a wide range of studies, it would be 
unrealistic to assume that our search captured all relevant studies. Secondly, 
our review was purely exploratory in nature and no standardised quality as-
sessment instrument was used for the evaluation of the measurement prop-
erties of the identified NTS tools. We would therefore recommend that future 
studies adopt a more rigorous methodological approach and use a validated 
instrument specifically designed to assess the quality of measurement tools.

Conclusion
Among the plethora of tools designed to assess NTS, the TEAM tool is a par-
ticularly noteworthy recommendation for use in multidisciplinary, simula-
tion-based clinical education. Nevertheless, further evidence is required to 
support the validity and reliability of other NTS tools. Further research is re-
quired to confirm the efficacy of these tools for consistent use in multidisci-
plinary simulation training.
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Orodja za ocenjevanje netehničnih veščin pri izobraževanju 
multidisciplinarnega zdravstvenega tima na podlagi simulacij:  
pregled obsega literature
V zadnjih letih se vse bolj priznava pomen usposabljanja zdravstvenih delav-
cev na področju netehničnih veščin z uporabo učinkovitih metod za prepreče-
vanje kliničnih napak v zdravstveni praksi. Simulacije se pogosto uporabljajo 
kot učna metoda za učenje netehničnih veščin (NTV) zdravstvenih delavcev. 
Namen pregleda je bil raziskati validiranost ocenjevalnih orodij, ki se upora-
bljajo za ocenjevanje NTV multidisciplinarnega tima na podlagi simulacij. Is-
kanje literature je potekalo v podatkovnih zbirkah PubMed in Web of Science 
na podlagi vnaprej določenih vključitvenih in izključitvenih kriterijev. V končno 
analizo je bilo vključenih deset raziskav. Identificiranih je bilo sedem različnih 
orodij za ocenjevanje, pri čemer sta bili večkrat uporabljena orodji za ocenjeva-
nje TEAM (iz angl. Team Emergency Assessment Measure) in T-NOTECHS (iz angl. 
Non-Technical Skills for Trauma). Najpogosteje ocenjene NTV znotraj vsakega 
orodja so bile komunikacija, prepoznavanje situacije, timsko delo/sodelovanje 
in vodenje. Številna ocenjevalna orodja so validirana za ocenjevanje in posplo-

https://doi.org/10.1002/jhm.2126



