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Abstract 

Background  Situation awareness (SA) is a key factor in accountability and ensuring patient safety in health care. SA is 
an essential element to research on human factors in healthcare. It is essential to identify valid instruments for meas-
uring this concept and assessing how it is affected by interventions and educational methods.

Methods  This systematic review aimed to assess the measurement properties of situation awareness instruments in 
health care providers’ (HCPS) using the COnsensus-based Standards for the selection of health Measurement INstru-
ments (COSMIN) methodology. Four databases (Medline (through PubMed), Embase, Scopus, and Web of Science) 
were systematically searched. A manual search was also conducted on Google Scholar and the reference list of the 
included primary studies to supplement the electronic search. Studies aiming to determine the measurement proper-
ties of SA instruments or non-technical skills in HCPS were included. The overall results for each measurement prop-
erty were reported as sufficient, insufficient, inconsistent, or indeterminate, and the quality of evidence was reported 
as high, moderate, low, or very low.

Results  A total of 25 studies and 15 instruments were included in the study. More than one measurement property 
was reported in some of the studies, and none of the studies presented all measurement properties. The most com-
mon measurement properties were content validity (12/25) and internal consistency (12/25). Cross‐cultural validity 
and responsiveness were not investigated in any study. Evidence quality for the measurement properties was not 
high in any of the 15 instruments.

Conclusions  None of the instruments can be recommended as the most suitable instrument, and all instruments 
were classified as promising instruments in need of further psychometric assessment. This systematic review proves 
the dire need for the development and psychometric evaluation of instruments to measure SA in HCPs in clinical 
settings.
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Background
In health care, situation awareness (SA) is one of the most 
prominent non-technical skills and a basis for appropriate 
clinical decision-making implicated in optimal health care 
providers’ (HCPs) performance, patient safety, and posi-
tive outcomes [1]. SA is an essential element to research 
human factors in healthcare [2]. Endsley [3] defines SA as 
"the perception of the elements in the environment within 
a volume of time and space, the comprehension of their 
meaning and a projection of their status in the near future".

In recent years, the number of studies on SA in nurses 
[4], anesthesiologists [5], surgeons [6], and students of 
nursing and medical majors has remarkably increased 
[7]. The main challenge is for HCPs with the most effi-
cient SA education and SA assessment. Between the 
two, SA assessment is the more challenging [8, 9].

To improve the quality of care, decrease complications 
resulting from medical errors, increase patient safety, and 
investigate the effects of interventions on SA, researchers 
need to identify the most suitable way to assess SA in HCPS.

Instruments for SA measurement in health care are 
limited and mostly appropriated from other disciplines 
[10]. The previous review indicates that the Situation 
Awareness Global Assessment Technique (SAGAT) 
and the behavioral rating system-based instruments are 
the most common instruments for SA measurement in 
HCPs [4, 11], but a comprehensive appraisal of their 
measurement properties is not available. Research for 
current situation identification or outcome evaluation 
purposes using low quality or unknown quality meas-
urement instruments causes a waste of resources and 
misdirection of further investigating and training.

This systematic review is the first study using the 
COSMIN methodology and an up-to-date review of 
instruments for SA measurement in HCPs. This study 
aimed to provide a comprehensive view of this instru-
ment’s measurement properties, support evidence-
based recommendations in selecting the most suitable 
instrument, and identify potential improvements in 
this field from a psychometric point of view.

This study aimed to critically evaluate and summarize 
the quality of measurement properties in instruments 
used for measuring SA in HCPs using the COSMIN meth-
odology. Moreover, we aimed to classify the instruments 
into three groups of 1- instruments that are the most suit-
able, 2- instruments that need further studies and devel-
opment, and 3- instruments that are unsuitable, and to 
provide explanations and reasons for this classification.

Methods
In this systematic review, the COSMIN methodology 
for systematic reviews of Patient‐Reported Outcome 
Measures (PROMS) and the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) 
were used as methodological guides [12–15]. The pro-
tocol of this systematic review has been registered in 
PROSPERO (CRD42020147349). The PRISMA check-
list completed for the present study is presented in the 
(Additional file  1). This study was conducted in three 
steps (Fig. 1), explained below.

Step 1: systematic literature search
Step 1–1: formulating eligibility criteria
The inclusion criteria were as follows: 1- articles aiming 
to develop and determine measurement properties of 
instruments for measurement of SA or measuring non-
technical skills (assessing SA as one of the dimensions 
of them: according to the guidelines of COSMIN meth-
odology for systematic reviews of Patient‐Reported 
Outcome Measures; subscales of instruments can also 
be assessed using the COSMIN Risk of Bias checklist) 
in HCPs in clinical or simulated settings, and 2- articles 
published and instruments developed in English.

Studies on other non-technical skills or in popula-
tions different from that of the present study, as well as 
studies whose full texts were not accessible or were in 
the form of unpublished manuscripts, conference pro-
ceedings, and dissertations, were excluded.

Step 1–2: conducting the literature search
Four databases (Medline (through PubMed), Embase, 
Scopus, and Web of Science) were systematically 
searched from inception to December 2020 for peer-
reviewed articles. A manual search on Google Scholar 
and the reference list of the included primary stud-
ies were also conducted to supplement the electronic 
search. The search strategy was developed with the 
assistance of a health sciences librarian and conducted 
using a combination of keywords and database-specific 
subject headings related to SA and psychometric prop-
erties (Additional file 2).

Step 1–3: selecting abstracts and full texts of the articles
The duplicates were omitted after transferring the 
search results to EndNote X7 (Thomson Reuters, 
Philadelphia, PA). The results were analyzed by two 
researchers independently based on titles and abstracts 
to identify the eligible articles. Then, the full text of the 
articles whose abstracts were screened in the previ-
ous step were investigated to determine if they met the 
inclusion criteria.

All the above steps were conducted independently by 
two researchers to reduce bias, and in the case of differ-
ent opinions on an article, disagreements were resolved 
through discussion and consensus.
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Step 2: assessment of measurement properties
Assessment of the instruments’ measurement properties 
was done in 4 steps: 1) Assessment of the methodologi-
cal quality of the studies based on the COSMIN Risk of 
Bias checklist, 2) rating results for single studies using 
the updated criteria for good measurement properties, 
3) summing up the results of all studies for each instru-
ment, and 4) grading the evidence quality for each meas-
urement property using the GRADE approach.

In this step, all assessments were made by two review-
ers independently, and disagreements were resolved 
through discussion or consulting a third person.

Step 2–1: assessment of the methodological quality of studies
The COSMIN Risk of Bias checklist was used for assess-
ing the methodological quality of the study measurement 

properties. The COSMIN Risk of Bias Checklist has 10 
boxes (see Fig.  1) for assessment. To assess the meth-
odological quality of each study, first, the measurement 
properties were specified, and then, relevant boxes were 
selected. Each measurement standard was scored using 
a 4-point scale consisting of "very good," "adequate," 
"doubtful," and "inadequate"; moreover, the overall score 
of each box was determined by the lowest score of each 
item based on "the worst score counts" principle.

Step 2–2: rating the results of single studies
Rating of the results for single studies for the instru-
ment development and content validity boxes was 
done separately based on 10 criteria (5 criteria for rel-
evance, 1 for comprehensiveness, and 4 for compre-
hensibility). This method is thoroughly explained in the 

Fig. 1  Study design according to COSMIN methodology for systematic reviews of instruments
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COSMIN Methodology for Assessing the Content Valid-
ity of PROMs. Rating of the studies for other measure-
ment properties was done separately using the updated 
criteria for good measurement properties, and the results 
were rated sufficient (+), insufficient (-), or indetermi-
nate (?) (Additional file 3).

Step 2–3: summing up the results of all studies for each 
instrument
All of the results of the studies were qualitatively summed 
up regarding each measurement property for each instru-
ment, and using the 75% agreement rule; the results were 
rated sufficient (+), insufficient (-), inconsistent (±), or 
indeterminate (?). In this step, the focus is on the instru-
ment, while the previous step focuses on the results of 
the single studies.

In this step, all the results regarding instrument devel-
opment, content validity, and reviewers’ rating were 
qualitatively summed up for the overall rating of the 
relevance, comprehensiveness, and comprehensibility 
of the instrument. The results were rated sufficient (+), 
insufficient (-), or inconsistent (±). Since the reviewers’ 
qualitative rating, as + , -, or ± , was possible in this step, 
the indeterminate (?) rating can be ignored for content 
validity.

Step 2–4: grading the evidence quality for each measurement 
property
In the final step, the summarized evidence was graded 
using Grading of Recommendations Assessment, 
Development and Evaluation (GRADE). This was done 
to determine the overall quality of the instrument, and 
evidence quality is graded as high, moderate, low, or 
very low.

This method is thoroughly explained in the COS-
MIN methodology for systematic reviews. In sum-
mary, 4 factors are considered in this rating: a) risk 
of bias (limitations in methodological quality of stud-
ies), b) inconsistency (unjustifiable heterogeneity in 
the results of studies), c) indirectness (evidence from 
populations different from the target population in the 
review), and d) imprecision (small number of samples). 
(Additional file 4).

Step 3: selecting the instrument
Selecting suitable instruments was done based on a com-
bination of the results of steps 2–3 and step 2–4 in the 
assessment of content validity and other measurement 
properties. The recommendations were categorized into 
three groups: a) the most suitable instrument (high-
quality evidence for sufficient content validity in terms 
of relevance, grading the evidence quality for each meas-
urement property, and at least low-quality evidence of a 

sufficient internal consistency), b) promising instruments 
needing more psychometric studies (instruments not 
classified in a and c), c) not recommended (instruments 
with high-quality evidence of insufficient psychometric 
properties).

This study did not assess interpretability and feasibility 
since they are not considered measurement properties.

Results
The systematic literature search
After removing duplicates, a total of 4367 abstracts were 
recovered from 4 databases. After checking the titles and 
abstracts, 4247 articles were excluded due to irrelevance 
and ineligibility. After the assessment of 120 full-text 
artic eligible articles, 25 eligible articles, and 15 eligible 
instruments were included in the study. The flow diagram 
of identifying and assessing the articles is presented in 
Fig. 2.

The inter-rater reliability was acceptable based on 
Altman [16]. The weighted kappa coefficient for the 
primary screening was 0.76 (95% confidence interval 
[CI] = 0.62–0.95) and 0.77 for the secondary screening 
(95% CI = 0.67–0.85).

Four instruments had assessed SA, and 11 had assessed 
non-technical skills, of which SA was a dimension of the 
instrument in different HCPS. Moreover, 9 studies were 
conducted in clinical and 14 in simulated settings. One 
study was conducted in both clinical and simulated set-
tings, and in one study research setting was not reported. 
More than half of the studies (16 studies) had assessed 
SA and non-technical skills in HCPs in operating rooms, 
and others had been conducted in clinical settings or in 
simulated trauma, acute and intensive care units. Four-
teen instruments were observational checklists, and only 
SAGAT was the pen-and-paper version of the instru-
ment; regarding one of the instruments, it was not deter-
mined if it was observational or self-report. A summary 
of the information on the studies and instruments is pre-
sented in Table 1.

Measurement properties assessment
The methodologic quality of the 25 included studies 
(Step 2–1) was assessed using the COSMIN Risk of Bias 
checklist. In some studies, more than one psychometric 
property was measured. Also, more than one psychomet-
ric study was conducted on four instruments in various 
research settings and conditions. The studies’ most fre-
quently measured psychometric properties were con-
tent validity (12 studies) and internal consistency (12 
studies). A small number of the studies had investigated 
hypothesis testing for construct validity (6 studies), cri-
terion validity and reliability (4 studies), and structural 
validity (2 studies), and only one study had assessed 
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measurement error. Cross‐cultural validity and respon-
siveness were not investigated in any study.

The results of the methodological quality assessment 
(step 2–1) and the rating of the results of the single stud-
ies for each measurement property (step 2–2) are pre-
sented in Additional files 5 and 6, respectively.

Table 2 presents the results of all the studies for each 
instrument (2–3) and the grading of the evidence quality 
for each measurement property (steps 2–4). According 
to evidence on the content validity of the 15 instruments, 
only SAGAT (Dishman, 2020) had high-quality evidence 
of the sufficiency of its relevance; however, the evidence 
quality in this study was low and very low for the suffi-
ciency of its comprehensiveness and comprehensibility, 
respectively. Other than this instrument, the evidence 
quality was not high for the sufficiency or insufficiency 
of measurement properties of any of the 15 instruments. 

In cases where the sum of the results for one measure-
ment property was indeterminate (?), the evidence qual-
ity was reported as not evaluable (NE) due to insufficient 
evidence. In some studies, due to the lack of assessment 
or report of measurement properties, the sum of results 
and evidence quality was reported as NR (not reported).

The inter-rater reliability in quality assessment 
was acceptable: The kappa coefficient was 0.67 (95% 
CI = 0.55–0.8) for step 2–1, 0.62 (95% CI = 0.42–0.75) for 
step 2–2, 0.74 (95% CI = 0.63–0.83) for step 2–3, and 0.74 
(95% CI = 0.65–0.87) for step 2–4.

Quality of psychometric properties
Four included instruments were assessed in numerous 
studies, as identified in this systematic review, and other 
instruments were in only one. The measurement proper-
ties of these instruments were summarized and evaluated 

Fig. 2  Flow diagram of the reviewing process according to PRISMA



Page 6 of 15Ghaderi et al. Systematic Reviews           (2023) 12:60 

Ta
bl

e 
1 

C
ha

ra
ct

er
is

tic
s 

of
 th

e 
in

st
ru

m
en

ts
 u

se
d 

to
 m

ea
su

re
 S

A
 in

 H
C

Ps
 a

nd
 d

es
cr

ip
tio

n 
of

 th
e 

in
cl

ud
ed

 s
tu

di
es

In
st

ru
m

en
t n

am
e

Ty
pe

 o
f m

ea
su

re
N

um
be

r 
of

 
su

bs
ca

le
s

To
ta

l i
te

m
s

Re
sp

on
se

 O
pt

io
ns

Re
fe

re
nc

e
co

un
tr

y
St

ud
y 

pa
rt

ic
ip

an
ts

Se
tt

in
g 

(c
lin

ic
al

 v
s.

 
si

m
ul

at
io

n)
M

ea
su

re
m

en
t 

pr
op

er
tie

s

Si
tu

at
io

n 
A

w
ar

en
es

s 
G

lo
ba

l
A

ss
es

sm
en

t T
ec

hn
iq

ue
 

(S
A

G
AT

)

N
R

3
39

N
R

D
is

hm
an

 e
t a

l., 
20

20
 

[9
]

U
SA

49
 N

ur
se

 a
ne

st
he

tis
ts

7 
ex

pe
rt

s
Si

m
ul

at
io

n 
(s

ce
na

rio
 o

f 
in

du
ct

io
n 

of
 g

en
er

al
 

an
es

th
es

ia
)

Co
nt

en
t v

al
id

ity

O
pe

n-
en

de
d 

qu
es

-
tio

ns
3

Co
rr

ec
t 1

, I
nc

or
re

ct
 0

, 
Pa

rt
ia

l c
or

re
ct

 0
.5

G
ar

dn
er

 e
t a

l., 
20

17
 

[1
7]

U
SA

43
 m

ed
ic

al
 s

tu
de

nt
s

Si
m

ul
at

io
n 

(a
dv

an
ce

d
Ca

rd
ia

c 
lif

e 
su

pp
or

t 
sc

en
ar

io
s)

C
rit

er
io

n 
va

lid
ity

Pe
n-

an
d-

pa
pe

r v
er

si
on

 
of

 th
e 

in
st

ru
m

en
t

31
Ye

s/
N

o 
fo

r l
ev

el
 1

; 2
po

ss
ib

le
 a

ns
w

er
s 

fo
r 

le
ve

l 3

La
vo

ie
 e

t a
l., 

20
16

 [1
8]

Ca
na

da
23

4 
nu

rs
in

g 
st

ud
en

ts
15

 c
rit

ic
al

 c
ar

e 
ex

pe
rt

s
Si

m
ul

at
io

n 
(p

at
ie

nt
 

de
te

rio
ra

tio
n 

si
m

ul
a-

tio
n 

sc
en

ar
io

)

Co
nt

en
t v

al
id

ity
In

te
rn

al
 c

on
si

st
en

cy

Pe
n-

an
d-

pa
pe

r v
er

si
on

 
of

 th
e 

in
st

ru
m

en
t

7
A

ns
w

er
s 

w
er

e 
ba

se
d 

on
 fa

ct
ua

l a
sp

ec
ts

 a
nd

 
ex

pe
rt

 o
pi

ni
on

H
og

an
 e

t a
l., 

20
06

 [1
9]

Ca
na

da
16

 s
ur

ge
on

s 
an

d
re

si
de

nt
s

Si
m

ul
at

io
n

(h
um

an
 p

at
ie

nt
Si

m
ul

at
or

 a
nd

 tr
au

m
a 

sc
en

ar
io

s)

Co
nt

en
t v

al
id

ity
In

te
rn

al
 c

on
si

st
en

cy
Co

nv
er

ge
nt

 v
al

id
ity

Te
am

 re
su

sc
ita

tio
n 

si
tu

at
io

n 
aw

ar
en

es
s 

to
ol

O
bs

er
va

tio
na

l 
ch

ec
kl

is
t

7
7

5-
po

in
t L

ik
er

t s
ca

le
:

O
’N

ei
ll 

et
 a

l., 
20

18
 [2

0]
Ca

na
da

42
 te

am
s 

an
d 

24
2 

H
C

P S (
ph

ys
ic

ia
ns

 a
nd

 
nu

rs
es

)
13

 e
xp

er
ts

Si
m

ul
at

io
n 

(s
im

ul
at

ed
 

pe
di

at
ric

 re
su

sc
ita

tio
n 

ev
en

ts
)

Co
nt

en
t v

al
id

ity
In

te
r-

ra
te

r r
el

ia
bi

lit
y

C
rit

er
io

n 
va

lid
it

Te
am

 S
itu

at
io

n 
A

w
ar

en
es

s 
G

lo
ba

l 
A

ss
es

sm
en

t T
ec

hn
iq

ue
 

(T
SA

G
AT

)

O
bs

er
va

tio
na

l 
ch

ec
kl

is
t

3
50

3-
po

in
t L

ik
er

t s
ca

le
C

ro
zi

er
 e

t a
l., 

20
15

 [2
1]

Ca
na

da
12

 H
C

P S (
ph

ys
ic

ia
ns

, 
nu

rs
es

 a
nd

 s
tu

de
nt

s)
2 

in
de

pe
nd

en
t r

at
er

s

Si
m

ul
at

io
n 

(t
ra

um
a 

re
su

sc
ita

tio
n 

sc
en

ar
io

s 
us

in
g 

H
PS

)

Co
nv

er
ge

nt
 v

al
id

ity
Kn

ow
n-

gr
ou

ps
 v

al
id

ity
In

te
r-

ra
te

r r
el

ia
bi

lit
y

Si
tu

at
io

n 
aw

ar
en

es
s 

(S
A

) a
ss

es
sm

en
t t

oo
l

O
bs

er
va

tio
na

l c
he

ck
lis

3
14

N
R

Fr
er

e 
et

 a
l., 

20
17

 [8
]

Ire
la

nd
2 

ex
pe

rt
 ra

te
rs

Si
m

ul
at

io
n 

(O
SC

E 
in

 9
 

m
ed

ic
al

 s
pe

ci
al

tie
s)

In
te

rn
al

 c
on

si
st

en
cy

In
te

r-
ra

te
r r

el
ia

bi
lit

y

N
on

-T
ec

hn
ic

al
 S

ki
lls

 fo
r 

Su
rg

eo
ns

 to
ol

 (N
O

TS
S)

O
bs

er
va

tio
na

l 
ch

ec
kl

is
t

4
12

4-
po

in
t r

at
in

g 
Sc

al
e

Ju
ng

 e
t a

l., 
20

20
 [2

2]
Ca

na
da

5 
ex

pe
rt

s
C

lin
ic

al
 (o

bs
er

vi
ng

 
re

co
rd

in
gs

 o
f a

ct
ua

l 
O

R)

Kn
ow

n-
gr

ou
ps

 v
al

id
ity

In
te

r-
ra

te
r r

el
ia

bi
lit

y

Yu
le

 e
t a

l., 
20

18
 [2

3]
U

K-
U

SA
25

5 
su

rg
eo

ns
 in

 2
 

gr
ou

ps
Si

m
ul

at
io

n 
(v

id
eo

-
ba

se
d 

si
m

ul
at

ed
 c

ris
is

 
sc

en
ar

io
)

St
ru

ct
ur

al
 v

al
id

ity
In

te
rn

al
 c

on
si

st
en

cy
C

rit
er

io
n 

va
lid

ity

C
ro

ss
le

y 
et

 a
l., 

20
11

 
[2

4]
U

K

85
 s

ur
ge

on
s

10
0 

as
se

ss
or

C
lin

ic
al

 (O
R)

Co
nt

en
t v

al
id

ity
St

ru
ct

ur
al

 v
al

id
ity

In
te

rn
al

 c
on

si
st

en
cy

N
on

-T
ec

hn
ic

al
 S

ki
lls

 fo
r 

Su
rg

eo
ns

 (N
O

TS
S)

 to
ol

5
14

Yu
le

 e
t a

l., 
20

08
 [2

5]
U

K
44

 s
ur

ge
on

s
Si

m
ul

at
io

n 
(v

id
eo

-
ba

se
d 

si
m

ul
at

ed
 

sc
en

ar
io

)

In
te

rn
al

 c
on

si
st

en
cy

In
te

r-
ra

te
r r

el
ia

bi
lit

y

Yu
le

 e
t a

l., 
20

06
 [2

6]
U

K
C

lin
ic

al
 (O

R)
D

ev
el

op
m

en
t S

tu
dy

N
on

-T
ec

hn
ic

al
 S

ki
lls

 fo
r 

U
ro

lo
gi

ca
l S

ur
ge

on
s 

(N
oT

SU
S)

O
bs

er
va

tio
na

l 
ch

ec
kl

is
t

5
13

5-
po

in
t L

ik
er

t s
ca

le
A

yd
ın

 e
t a

l., 
20

20
 [2

7]
U

K
43

 tr
ai

ne
es

 a
nd

 1
9 

sp
ec

ia
lis

ts
5 

ex
pe

rt
 ra

te
rs

Si
m

ul
at

io
n

(t
he

 fu
ll 

im
m

er
si

on
 

si
m

ul
at

io
n 

‘Ig
lo

o’
 

en
vi

ro
nm

en
t)

C
rit

er
io

n 
va

lid
ity

In
te

r-
ra

te
r r

el
ia

bi
lit

y



Page 7 of 15Ghaderi et al. Systematic Reviews           (2023) 12:60 	

Ta
bl

e 
1 

(c
on

tin
ue

d)

In
st

ru
m

en
t n

am
e

Ty
pe

 o
f m

ea
su

re
N

um
be

r 
of

 
su

bs
ca

le
s

To
ta

l i
te

m
s

Re
sp

on
se

 O
pt

io
ns

Re
fe

re
nc

e
co

un
tr

y
St

ud
y 

pa
rt

ic
ip

an
ts

Se
tt

in
g 

(c
lin

ic
al

 v
s.

 
si

m
ul

at
io

n)
M

ea
su

re
m

en
t 

pr
op

er
tie

s

A
ne

st
he

tis
ts

’ N
on

-
Te

ch
ni

ca
l S

ki
lls

 S
ys

te
m

 
(A

N
TS

)

O
bs

er
va

tio
na

l 
ch

ec
kl

is
t

4
15

4-
po

in
t r

at
in

g 
sc

al
e

Fl
et

ch
er

 e
t a

l., 
20

03
 

[2
8]

U
K

50
 a

ne
st

he
tis

ts
Si

m
ul

at
io

n 
(s

im
ul

at
ed

 
an

es
th

et
ic

 s
ce

na
rio

s)
Co

nt
en

t v
al

id
ity

In
te

rn
al

 c
on

si
st

en
cy

In
te

r-
ra

te
r r

el
ia

bi
lit

y

A
ne

st
he

tis
ts

’ N
on

-
Te

ch
ni

ca
l S

ki
lls

 S
ys

te
m

 
(A

N
TS

)

O
bs

er
va

tio
na

l 
ch

ec
kl

is
t

4
15

4-
po

in
t r

at
in

g 
sc

al
e

G
ra

ha
m

 e
t a

l., 
20

10
 

[2
9]

A
us

tr
al

ia

26
 a

ne
st

he
tis

ts
C

lin
ic

al
 (v

id
eo

s 
of

 
re

al
-t

im
e 

an
d 

ro
ut

in
e 

an
es

th
es

ia
)

In
te

rn
al

 c
on

si
st

en
cy

In
te

r-
ra

te
r r

el
ia

bi
lit

y

A
na

es
th

et
ic

 N
on

-
te

ch
ni

ca
l S

ki
lls

 fo
r

A
ne

st
he

tic
 P

ra
ct

iti
on

-
er

s 
Sy

st
em

 (A
N

TS
-A

P)

O
bs

er
va

tio
na

l 
ch

ec
kl

is
t

3
9

4-
po

in
t r

at
in

g 
sc

al
e

Ru
th

er
fo

rd
 e

t a
l.,2

01
5 

[3
0]

U
K

48
 a

ne
st

he
tic

 p
ra

ct
i-

tio
ne

rs
Si

m
ul

at
io

n 
(S

im
ul

at
ed

 
an

es
th

et
ic

 s
ce

na
rio

s 
in

 O
R

Co
nt

en
t v

al
id

ity
In

te
rn

al
 c

on
si

st
en

cy
Re

lia
bi

lit
y

In
te

r-
ra

te
r r

el
ia

bi
lit

y

Tr
au

m
a 

N
on

-T
ec

hn
ic

al
 

Sk
ill

s 
(T

-N
O

TE
C

H
S)

to
ol

O
bs

er
va

tio
na

l 
ch

ec
kl

is
t

5
5

5-
po

in
t s

ca
le

va
n 

M
aa

rs
ev

ee
n 

et
 a

l., 
20

20
 [3

1]
N

et
he

rla
nd

18
 re

co
rd

ed
 v

id
eo

s 
of

 
re

su
sc

ita
tio

ns
 te

am
3 

as
se

ss
or

s

C
lin

ic
al

 (t
ra

um
a 

ce
nt

er
)

Re
lia

bi
lit

y
In

te
r-

ra
te

r r
el

ia
bi

lit
y

St
ei

ne
m

an
n 

et
 a

l.,2
01

2 
[3

2]
U

SA

44
 o

bs
er

va
tio

ns
 fo

r 
si

m
ul

at
ed

 a
nd

 4
8 

fo
r 

ac
tu

al
 re

su
sc

ita
tio

ns
 

by
 2

–3
 ra

te
rs

Bo
th

 c
lin

ic
al

 a
nd

 
si

m
ul

at
io

n 
se

tt
in

g
D

ev
el

op
m

en
t S

tu
dy

In
te

r-
ra

te
r r

el
ia

bi
lit

y

O
xf

or
d 

N
on

-T
ec

hn
ic

al
 

Sk
ill

s 
sc

al
e 

(N
O

TE
C

H
S)

O
bs

er
va

tio
na

l 
ch

ec
kl

is
t

4
16

4-
po

in
t r

at
in

g 
sc

al
e

M
is

hr
a 

et
 a

l., 
20

09
 [3

3]
U

K
65

 O
R 

te
am

s
2–

3 
ex

pe
rt

 ra
te

rs
C

lin
ic

al
 (O

R)
Co

nt
en

t v
al

id
ity

Re
lia

bi
lit

y
co

nv
er

ge
nt

 v
al

id
ity

In
te

r-
ra

te
r r

el
ia

bi
lit

y

O
xf

or
d 

N
on

-T
ec

hn
ic

al
 

Sk
ill

s 
sc

al
e 

(N
O

TE
C

H
S 

II)

8-
po

in
t r

at
in

g 
sc

al
e

Ro
be

rt
so

n 
et

 a
l.,2

01
4 

[3
4]

U
K

29
7 

O
R 

m
em

be
rs

C
lin

ic
al

 (O
R)

Co
nt

en
t v

al
id

ity
Kn

ow
n-

gr
ou

ps
 v

al
id

ity
In

te
r-

ra
te

r r
el

ia
bi

lit
y

In
te

rp
er

so
na

l a
nd

 
Co

gn
iti

ve
A

ss
es

sm
en

t f
or

 
Ro

bo
tic

 S
ur

ge
ry

 ra
tin

g 
sy

st
em

 (I
C

A
RS

)

O
bs

er
va

tio
na

l 
ch

ec
kl

is
t

4
28

5-
po

in
t r

at
in

g 
sc

al
e

Ra
is

on
 e

t a
l., 

20
17

 [3
5]

U
K

16
 e

xp
er

t s
ur

ge
on

s
73

 s
ur

ge
on

s
Si

m
ul

at
io

n 
(u

re
te

r-
ov

es
ic

al
 a

na
st

om
os

is
 

w
ith

in
 a

 s
im

ul
at

ed
 O

R)

Co
nt

en
t v

al
id

ity
In

te
rn

al
 c

on
si

st
en

cy
In

te
r-

ra
te

r r
el

ia
bi

lit
y

Ex
pl

ic
it 

pr
of

es
si

on
al

 
or

al
co

m
m

un
ic

at
io

n 
to

ol
 

(E
PO

C
)

O
bs

er
va

tio
na

l 
ch

ec
kl

is
t

6
35

N
R

Ke
m

pe
r e

t a
l., 

20
13

 
[3

6]
N

et
he

rla
nd

37
8 

ED
 m

em
be

rs
11

44
 IC

U
 m

em
be

rs
2 

in
de

pe
nd

en
t o

bs
er

v-
er

s

C
lin

ic
al

(E
D

 a
nd

 IC
U

)
M

ea
su

re
m

en
t e

rr
or

In
te

r-
ra

te
r r

el
ia

bi
lit

y

Sc
ru

b 
Pr

ac
tit

io
ne

rs
’ 

Li
st

 o
f I

nt
ra

op
er

at
iv

e 
N

on
-T

ec
hn

ic
al

 S
ki

lls
 

(S
PL

IN
TS

)

O
bs

er
va

tio
na

l 
ch

ec
kl

is
t

3
9

4-
po

in
t L

ik
er

t s
ca

le
Lo

h 
et

 a
l., 

20
19

 [3
7]

Si
ng

ap
or

e
30

 s
cr

ub
 n

ur
se

s
10

 e
xp

er
t r

at
er

s
C

lin
ic

al
 (O

R)
Co

nt
en

t v
al

id
ity

In
te

rn
al

 c
on

si
st

en
cy

Re
lia

bi
lit

y
Co

nv
er

ge
nt

 v
al

id
ity

In
te

r-
ra

te
r r

el
ia

bi
lit

y



Page 8 of 15Ghaderi et al. Systematic Reviews           (2023) 12:60 

Ta
bl

e 
1 

(c
on

tin
ue

d)

In
st

ru
m

en
t n

am
e

Ty
pe

 o
f m

ea
su

re
N

um
be

r 
of

 
su

bs
ca

le
s

To
ta

l i
te

m
s

Re
sp

on
se

 O
pt

io
ns

Re
fe

re
nc

e
co

un
tr

y
St

ud
y 

pa
rt

ic
ip

an
ts

Se
tt

in
g 

(c
lin

ic
al

 v
s.

 
si

m
ul

at
io

n)
M

ea
su

re
m

en
t 

pr
op

er
tie

s

Bi
na

ry
 s

ca
le

M
itc

he
ll 

et
 a

l., 
20

12
 

[3
8]

U
K

25
 s

cr
ub

 n
ur

se
s

9 
su

rg
eo

ns
N

R
D

ev
el

op
m

en
t S

tu
dy

O
tt

aw
a 

G
lo

ba
l R

at
in

g 
Sc

al
e 

(G
RS

)
O

bs
er

va
tio

na
l 

ch
ec

kl
is

t
8

8
7-

po
in

t r
at

in
g 

sc
al

e
Ki

m
 e

t a
l., 

20
06

 [3
9]

Ca
na

da
59

 m
ed

ic
al

 re
si

de
nt

s
3 

ra
te

rs
Si

m
ul

at
io

n 
(IC

U
; E

D
; 

PA
C

U
)

Co
nt

en
t v

al
id

ity
In

te
rn

al
 c

on
si

st
en

cy
In

te
r-

ra
te

r r
el

ia
bi

lit
y

N
R 

N
ot

 R
ep

or
te

d,
 O

R 
O

pe
ra

tin
g 

Ro
om

, N
TS

 N
on

-T
ec

hn
ic

al
 S

ki
lls

, E
D

 E
m

er
ge

nc
y 

D
ep

ar
tm

en
t, 

IC
U

 In
te

ns
iv

e 
Ca

re
 U

ni
t, 

O
SC

E 
ob

je
ct

iv
e 

st
ru

ct
ur

ed
 c

lin
ic

al
 e

xa
m

in
at

io
n,

 N
/A

 N
ot

 A
pp

lic
ab

le
 (s

ki
ll 

no
t r

eq
ui

re
d 

fo
r t

he
 g

iv
en

 
cl

in
ic

al
 s

itt
in

g)
, P

AC
U

​ p
os

t a
ne

st
he

si
a 

ca
re

 u
ni

t



Page 9 of 15Ghaderi et al. Systematic Reviews           (2023) 12:60 	

Ta
bl

e 
2 

Q
ua

lit
y 

of
 e

vi
de

nc
e 

(a
nd

 O
ve

ra
ll 

Ra
tin

g)
 fo

r m
ea

su
re

m
en

t p
ro

pe
rt

ie
s 

of
 th

e 
in

st
ru

m
en

ts

In
st

ru
m

en
t

Co
nt

en
t v

al
id

it
y

St
ru

ct
ur

al
  

va
lid

it
y

In
te

rn
al

  
co

ns
is

te
nc

y
Re

lia
bi

lit
y

M
ea

su
re

m
en

t  
er

ro
r

Cr
ite

ri
on

  
va

lid
it

y
H

yp
ot

he
si

s 
Te

st
in

g
Re

le
va

nc
e

Co
m

pr
eh

en
si

ve
ne

ss
Co

m
pr

eh
en

si
bi

lit
y

SA
G

AT
 (D

is
hm

an
 2

02
0)

H
ig

h 
(+

)
Lo

w
 (+

)
Ve

ry
 L

ow
 (+

)
N

R
N

R
N

R
N

R
N

R
N

R

SA
G

AT
 (G

ar
dn

er
 2

01
7)

Lo
w

 (+
)

Ve
ry

 L
ow

 (-
)

Ve
ry

 L
ow

 (-
)

N
R

N
R

N
R

N
R

Ve
ry

 L
ow

 (+
)

N
R

SA
G

AT
 (L

av
oi

e 
20

16
)

M
od

er
at

e 
(+

)
Lo

w
 (+

)
Lo

w
 (+

)
N

R
Ve

ry
 L

ow
 (-

)
N

R
N

R
N

R
N

R

SA
G

AT
 (H

og
an

 2
00

6)
Ve

ry
 L

ow
 (-

)
Ve

ry
 L

ow
 (+

)
Ve

ry
 L

ow
 (-

)
N

R
Ve

ry
 L

ow
 (?

)
N

R
N

R
N

R
Ve

ry
 L

ow
 (?

)
a U

nn
am

ed
 (O

’N
ei

ll 
20

18
)

M
od

er
at

e 
(+

)
Lo

w
 (+

)
Lo

w
 (+

)
N

R
N

R
N

R
N

R
N

E 
(?

)
N

R

TS
A

G
AT

 (C
ro

zi
er

 2
01

5)
M

od
er

at
e 

(-)
Lo

w
 (+

)
Lo

w
 (+

)
N

R
N

R
N

R
N

R
N

R
Ve

ry
 L

ow
 (+

)
b U

nn
am

ed
 (F

re
re

 2
01

7)
Lo

w
 (-

)
Ve

ry
 L

ow
 (-

)
Ve

ry
 L

ow
 (-

)
N

R
M

od
er

at
e 

(+
)

N
R

N
R

N
R

N
R

N
O

TS
S 

(J
un

g 
20

20
; Y

ul
e 

20
18

; C
ro

ss
le

y 
20

11
;  

Yu
le

 2
00

8;
 Y

ul
e 

20
06

)

M
od

er
at

e 
(+

)
M

od
er

at
e 

(+
)

M
od

er
at

e 
(+

)
M

od
er

at
e 

(±
)

M
od

er
at

e 
(±

)
N

R
N

R
N

E 
(?

)
M

od
er

at
e 

(+
)

N
oT

SU
S 

(A
yd

ın
 2

02
0)

M
od

er
at

e 
(-)

Ve
ry

 L
ow

 (-
)

Ve
ry

 L
ow

 (-
)

N
R

N
R

N
R

N
R

M
od

er
at

e 
(+

)
N

R

A
N

TS
 (F

le
tc

he
r 2

00
3;

  
G

ra
ha

m
 2

01
0)

M
od

er
at

e 
(+

)
M

od
er

at
e 

(+
)

M
od

er
at

e 
(+

)
N

R
Lo

w
 (+

)
N

R
N

R
N

R
N

R

A
N

TS
-A

P 
(R

ut
he

rf
or

d 
20

15
)

M
od

er
at

e 
(+

)
M

od
er

at
e 

(+
)

M
od

er
at

e 
(+

)
N

R
Lo

w
 (+

)
Lo

w
 (-

)
N

R
N

R
N

R

T-
N

O
TE

CH
S 

(v
an

 M
aa

rs
ev

ee
n 

20
20

; S
te

in
em

an
n 

20
12

)
M

od
er

at
e 

(+
)

Lo
w

 (-
)

Ve
ry

 L
ow

 (+
)

N
R

N
R

Ve
ry

 L
ow

 (+
)

N
R

N
R

N
R

N
O

TE
CH

S 
(M

is
hr

a 
20

09
)

M
od

er
at

e 
(+

)
Lo

w
 (+

)
Lo

w
 (+

)
N

R
N

R
N

E 
(?

)
N

R
N

R
Ve

ry
 L

ow
 (+

)

N
O

TE
CH

S 
II 

(R
ob

er
ts

on
 2

01
4)

M
od

er
at

e 
(+

)
Lo

w
 (+

)
Lo

w
 (+

)
N

R
N

R
N

R
N

R
N

R
M

od
er

at
e 

(+
)

IC
A

RS
 (R

ai
so

n 
20

17
)

M
od

er
at

e 
(+

)
Lo

w
 (+

)
Ve

ry
 L

ow
 (+

)
N

R
M

od
er

at
e 

(+
)

N
R

N
R

N
R

M
od

er
at

e 
(+

)

EP
O

C 
(K

em
pe

r 2
01

3)
M

od
er

at
e 

(+
)

Lo
w

 (-
)

Ve
ry

 L
ow

 (-
)

N
R

N
R

N
R

N
E 

(?
)

N
R

N
R

SP
LI

N
TS

 (L
oh

 2
01

9;
 M

itc
he

ll 
20

11
)

M
od

er
at

e 
(+

)
Lo

w
 (+

)
Lo

w
 (-

)
N

R
Lo

w
 (+

)
Ve

ry
 L

ow
 (+

)
N

R
N

R
Ve

ry
 L

ow
 (+

)

O
tt

aw
a 

G
RS

 (K
im

 2
00

6)
Lo

w
 (-

)
Lo

w
 (-

)
Ve

ry
 L

ow
 (-

)
N

R
N

E 
(?

)
N

R
N

R
N

R
N

R

Se
e 

Ta
bl

e 
1 

fo
r t

he
 fu

ll 
na

m
e 

of
 in

st
ru

m
en

ts
Ra

tin
g 

sc
al

e 
fo

r o
ve

ra
ll 

ra
tin

g:
 S

uffi
ci

en
t (
+

), 
In

su
ffi

ci
en

t (
–)

, I
nc

on
si

st
en

t (
±

), 
In

de
te

rm
in

at
e 

(?
)

Ra
tin

g 
sc

al
e 

fo
r g

ra
di

ng
 th

e 
qu

al
ity

 o
f e

vi
de

nc
e:

 H
ig

h,
 M

od
er

at
e,

 L
ow

, V
er

y 
lo

w
 (s

ee
 A

dd
iti

on
al

 fi
le

 4
)

Cr
os

s-
cu

ltu
ra

l v
al

id
ity

 a
nd

 R
es

po
ns

iv
en

es
s, 

w
er

e 
no

t a
ss

es
se

d 
fo

r a
ny

 o
f t

he
 in

st
ru

m
en

ts
, w

er
e 

de
le

te
d

N
R 

no
t r

ep
or

te
d,

 N
E 

no
t e

va
lu

at
ed

a  Te
am

 re
su

sc
ita

tio
n 

si
tu

at
io

n 
aw

ar
en

es
s 

to
ol

b  S
itu

at
io

n 
aw

ar
en

es
s 

(S
A

) a
ss

es
sm

en
t t

oo
l



Page 10 of 15Ghaderi et al. Systematic Reviews           (2023) 12:60 

on the basis of criteria for good measurement properties, 
and the quality of evidence was graded using a modified 
GRADE approach. The results of the evidence synthesis 
are presented in Table 3.

Non‑technical skills for surgeons tool
Moderate quality of evidence (due to imprecision) was 
found for sufficient content validity. The NOTSS scale 
results showed moderate quality of evidence for incon-
sistent structural validity. Cronbach’s alpha for each 
of the subscales was not reported in the five studies in 
which internal consistency was evaluated, resulting in 
moderate quality of evidence for inconsistent internal 
consistency. Three of the four hypotheses were con-
firmed, resulting in moderate-quality of evidence for 
sufficient construct validity. The quality of evidence 
for the indeterminate criterion validity was not graded, 
because the results of the study on criterion validity 
were missing.

Anesthetists’ non‑technical skills system
Moderate quality of evidence was found for sufficient 
content validity. Low evidence for sufficient internal con-
sistency was shown in ANTS. Cronbach’s alpha for the 
situation awareness subscale was reported in one of two 
studies.

Trauma non‑technical skills tool
Very low-quality evidence for inconsistent content valid-
ity was found. T-NOTECHS showed a very low quality of 
evidence for sufficient reliability, due to the low sample 
size in the study and methodological flaws.

Scrub practitioners’ list of intraoperative non‑technical skills
Very low-quality evidence for inconsistent content valid-
ity was found. Very low-quality evidence was found for 
sufficient reliability and sufficient construct validity. Low 
evidence for sufficient internal consistency was shown in 
SPLINTS. Cronbach’s alpha for the situation awareness 
subscale was reported in one of two studies.

Also, the evidence of measurement properties for 
SAGAT as tools for direct assessment of SA is high-
lighted below.

Situation awareness global assessment technique
Moderate quality of evidence for sufficient content valid-
ity was found in the studies by Dishman 2020 and Lavoie 
2016. Very low-quality evidence for inconsistent content 
validity was found in the studies by Gardner 2017 and 
Hogan 2006. Very low quality of evidence was deter-
mined for sufficient criterion validity, insufficient and 
indeterminate internal consistency, and indeterminate 
hypothesis testing.

Table  3 provides an overview of the findings and all 
instruments above and others that were tested in only 
one study, as identified in this systematic review.

Instrument selection
Due to a lack of high-quality evidence of sufficient con-
tent validity in all three aspects, none of the instruments 
are recommended as the most suitable; however, no 
high-quality evidence existed proving insufficient psy-
chometric properties. All instruments were classified as 
promising and more psychometric studies should be con-
ducted on them.

Discussion
This systematic review was a comprehensive measure-
ment property review of instruments for SA meas-
urement in HCPs, and it provides evidence-based 
recommendations for selecting suitable, reliable, and 
valid instruments. Twenty-five studies were identified for 
assessing the measurement properties of 15 instruments 
based on study objectives.

Five psychometric studies were conducted on SAGAT; 
SAGAT provides the possibility of collecting data on the 
three SA levels through observation or direct questions 
in simulation, and the content of the questions is differ-
ent based on the situation [40]. Due to the difference in 
the content of the questions, these 5 studies were evalu-
ated separately, and we could not sum up the results of 
all the studies for each instrument (step 2–3) for SAGAT. 
TSAGAT and team resuscitation situation awareness tool 
measured team SA [20, 21], but they were included since 
each person’s SA was measured separately, and team SA 
was reported as the sum of individual scores in these 
studies.

In 18 studies, psychometric properties of instruments 
based on the behavioral rating system were assessed, 
and SA was introduced as a dimension of these instru-
ments. In the assessment of measurement property qual-
ity, the SA subscale was assessed, and evidence quality for 
this instrument is only applicable to the SA subscale; the 
overall rating of the instrument for all subscales might 
be different from the present study results. These instru-
ments were mainly based on the behavioral method, 
and one potential concern for behavioral rating systems 
is that subjective rating is susceptible to error; however, 
the objectivity of the instrument and inter-rater reliability 
can be improved through education [8, 20].

Psychometric assessment of the instruments in more 
than half of the studies was done in simulated environ-
ments (14 studies), and 14 instruments were observa-
tional checklists. The results of direct measurement of 
performance in a simulated environment and quantifying 
them to measure SA levels are essential but not sufficient 
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Table 3  Summary of findings

Summarised results Overall rating Quality of evidence

SAGAT (Dishman 2020)
Content validity

Relevance + 
Comprehensiveness + 
Comprehensibility + 

Sufficient Moderate c

SAGAT (Gardner 2017)
Content validity
Criterion validity

Relevance + 
Comprehensiveness –
Comprehensibility –
SA significantly predicted teamwork ratings (first scenario R2 = 0.50; second 
scenario R2 = 0.55)

Inconsistent
Sufficient

Very Low a, c

Very Low a, c

SAGAT (Lavoie 2016)
Content validity
Internal consistency

Relevance + 
Comprehensiveness + 
Comprehensibility + 
Cronbach’s alpha rating for total scale: 0.64

Sufficient
Insufficient

Moderate a

Very Low a

SAGAT (Hogan 2006)
Content validity
Internal consistency
Hypothesis Testing

Relevance –
Comprehensiveness + 
Comprehensibility –
Cronbach’s alpha rating for total scale: 0.76
Hypothesis confirmed

Inconsistent
Indeterminate
Indeterminate

Very Low a, c

Very Low a, c

Very Low a, c

Unnamed (O’Neill 2018)
Content validity
Criterion validity

Relevance + 
Comprehensiveness + 
Comprehensibility + 
Area under the curve and Correlation not reported

Sufficient
Indeterminate

Low a

Not evaluated

TSAGAT​
Content validity
Hypothesis Testing

Relevance –
Comprehensiveness + 
Comprehensibility + 
Hypothesis confirmed

Inconsistent
Sufficient

Low a

Very Low a

Unnamed (Frere 2017)
Content validity
Internal consistency

Relevance –
Comprehensiveness –
Comprehensibility –
Cronbach’s alpha rating ≥ 0.7

Insufficient
Sufficient

Low a, c

Moderate c

NOTSS
Content validity
Structural validity
Internal consistency
Criterion validity
Hypothesis Testing

Relevance + 
Comprehensiveness + 
Comprehensibility + 
Confirmatory factor analysis demonstrated an acceptable model fit RMSEA: 
0.094–0.213; Comparative fit index: 0.554–0.944; χ2/d.f: 1.69–4.55; Multidimen-
sional scale (4 subscales)
Cronbach’s alpha rating for total scale from 0.7 to 0.95
Area under the curve and Correlation not reported
3 out of 4 Hypotheses confirmed

Sufficient
Inconsistent
Inconsistent
Indeterminate
Sufficient

Moderate c

Moderate b

Moderate b

Not evaluated
Moderate b

NoTSUS
Content validity
Criterion validity

Relevance –
Comprehensiveness –
Comprehensibility –
Correlation of the NoTSS and NoTSUS scores: 0.88–0.93

Insufficient
Sufficient

Low a, c

Moderate c

ANTS
Content validity
Internal consistency

Relevance + 
Comprehensiveness + 
Comprehensibility + 
Cronbach’s alpha for situation awareness subscale: 0.87
Cronbach’s alpha rating for total scale from 0.79 to 0.86

Sufficient
Sufficient

Moderate c

Low a, c

ANTS-AP
Content validity
Internal consistency
Reliability

Relevance + 
Comprehensiveness + 
Comprehensibility + 
Cronbach’s alpha for situation awareness subscale: 0.78
Interclass Correlation Coefficient for situation awareness subscale: 0.54

Sufficient
Sufficient
Insufficient

Moderate c

Low a, c

Low a, c

T-NOTECHS
Content validity
Reliability

Relevance + 
Comprehensiveness –
Comprehensibility + 
Interclass Correlation Coefficient for situation awareness subscale: 0.87
Interclass Correlation Coefficient for total scale: 0.71

Inconsistent
Sufficient

Very Low a, c

Very Low a, c

NOTECHS
Content validity
Reliability

Relevance + 
Comprehensiveness + 
Comprehensibility + 
Interclass Correlation Coefficient not reported

Sufficient
Indeterminate

Very Low a, c

Not evaluated
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and may not apply to clinical settings due to the existing 
complications [4].

Most of the studies were conducted in anesthesiol-
ogy and operating room settings. Anesthesiology is a 
dynamic medical specialty with rapid and significant 
changes; moreover, operating rooms are complex set-
tings with many specialties and different fields and 
instruments, necessitating a high level of SA. In fact, all 
medical specialties and HCPs need SA [5, 41, 42]. None 
of the studies had assessed all the measurement proper-
ties highlighted in the COSMIN methodology; also, there 
was only one psychometric study available for many 
instruments; therefore, the results on the instrument are 
indeterminate without a thorough evaluation of psycho-
metric properties, validity, and reliability.

Some studies investigated content validity. In the pre-
sent review, only Dishman (2020) had assessed content 
validity from both viewpoints, while the other stud-
ies had assessed it only from experts’ and professionals’ 
viewpoints. Content validity is the most prominent meas-
urement property that must be considered and, when the 
contents of an instrument are good representatives of a 
construct, that instrument is more likely to achieve its 
assessment goals [43, 44].

Structural validity was only assessed for NOTSS in two 
studies [23, 24]. In the methodological quality assessment 

of structural validity, both studies were rated as very 
good since the COSMIN risk of bias checklist states that 
exploratory factor analysis (EFA) or confirmatory factor 
analysis (CFA) should be used; however, since no psycho-
metric data were provided in the next steps, the overall 
rating of this validity for NOTSS, with moderate evidence 
quality, was reported as inconsistent. Structural validity 
is best assessed using the CFA method. Structural validity 
concerns which dimensions of the construct are assessed 
using the instrument and if these dimensions are in line 
with the theory [43, 45]. SA was defined according to 
Endsley’s theory in the included studies, but structural 
validity was not reported using CFA in these two studies, 
or no correct reports of this method were reported.

The most frequently assessed measurement property 
in the studies regarding reliability was internal consist-
ency, and most authors had used it as the only reliability 
index, which is not enough [43]. Internal consistency 
is not suitable for assessing the internal consistency 
of formative measures [46, 47]. Fourteen instruments 
were checklists, classified as formative measures, and 
their inter-rater reliability is a more suitable method for 
assessing their reliability [43, 47]. However, this relia-
bility assessment method cannot be evaluated using the 
COSMIN Risk of Bias Checklist. Due to its importance 
in the reliability assessment of formative instruments, 

See Table 1 for the full name of instruments

Rating scale for overall rating: Sufficient (+), Insufficient (–), Inconsistent (±), Indeterminate (?)

“a” downgrading for Risk of Bias; “b” downgrading for inconsistency; “c” downgrading for imprecision; “d” downgrading for indirectness

Table 3  (continued)

Summarised results Overall rating Quality of evidence

NOTECHS II
Content validity
Hypothesis Testing

Relevance + 
Comprehensiveness + 
Comprehensibility + 
Hypothesis confirmed

Sufficient
Sufficient

Very Low a, c

Very Low a, c

ICARS
Content validity
Internal consistency
Hypothesis Testing

Relevance + 
Comprehensiveness + 
Comprehensibility + 
Cronbach’s alpha rating for total scale: 0.92
Hypothesis confirmed

Sufficient
Sufficient
Sufficient

Very Low a, c

Moderate c

Moderate c

EPOC
Content validity
Measurement error
Hypothesis Testing

Relevance + 
Comprehensiveness –
Comprehensibility –
Measurement error not reported
Hypothesis confirmed

Inconsistent
Indeterminate
Sufficient

Very Low a

Not evaluated
Moderate a

SPLINTS
Content validity
Internal consistency
Reliability
Hypothesis Testing

Relevance + 
Comprehensiveness + 
Comprehensibility –
Cronbach’s alpha for situation awareness subscale: 0.7
Interclass Correlation Coefficient for total scale: 0.85
Hypothesis confirmed

Inconsistent
Sufficient
Sufficient
Sufficient

Very Low a

Low c

Very Low a, c

Very Low a, c

Ottawa GRS
Content validity
Internal consistency

Relevance –
Comprehensiveness –
Comprehensibility –
Cronbach’s alpha not reported

Insufficient
Indeterminate

Very Low a, c

Not evaluated
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it can be considered in developing the COSMIN Risk of 
Bias Checklist.

Four studies had reported a psychometric evaluation 
of criterion validity; however, due to the lack of a gold 
standard, evidence quality was very low or not evaluable 
for 3 of these studies. Evidence quality for being sufficient 
was moderate only for NoTSUS, whose gold standard 
was NOTSS [48]. A gold standard instrument of a similar 
construct and comparing its scores with the instrument 
being evaluated is necessary to investigate criterion valid-
ity [49].

Hypothesis testing for the instruments was done in 
6 studies; the evidence quality for the sufficiency of the 
overall rating of this measurement property was not high 
in these studies, and evidence quality was moderate for 
hypothesis testing of NOTECHS II and ICARS. There are 
various methods for hypothesis testing, but only conver-
gent validity and known-groups validity can be assessed 
for hypothesis testing in the COSMIN risk of bias check-
list, and the methodological quality of other methods 
of hypothesis testing is not evaluable [43, 49]. However, 
known-group validity is the best method for formative 
instruments [46], and 3/6 of studies had used this method 
for hypothesis testing.

Some of the COSMIN measurement properties might 
not apply to all studies; for instance, cross-cultural valid-
ity was not assessed in any of the included studies since 
all the instruments were developed in English and not 
translated from other languages, and this index did not 
need evaluation [13, 14].

Properties such as measurement error were assessed 
in only one study [36]. Understanding indices such as 
minimal important change (MIC) or smallest detectable 
change (SDC) is important in measuring scores. With 
this information, we can realize if a change in scores in 
people’s performance represents valid and real change 
and if the change is insignificant or significant. In the 
present review, none of the studies reported the values of 
SDC and MIC. Responsiveness of an instrument refers to 
its ability to detect a change over time in the construct 
being measured, and none of the studies had assessed 
this issue in the present review [43, 50].

In health care, SA is an abstract concept requiring valid 
and reliable instruments to ensure research quality. The 
results of this review do not indicate that the present 
instruments are inefficient, but suggest that investiga-
tions of high methodological quality are required to suit-
ably assess their measurement properties.

SAGAT is an objective instrument that develops based 
on Goal-Directed Task Analysis. One disadvantage of 
SAGAT is that it cannot easily be used in other condi-
tions. The development of context-general measures of 
SA can help data collection and generalizability and more 

measurement properties research can be accomplished 
on them.

Strengths and limitations
To our knowledge, no systematic review has provided a 
thorough and precise assessment of the methodological 
quality of existing studies on SA in HCPs or their results 
based on the measurement properties recommended in 
the COSMIN guideline. There is still a lack of informa-
tion on the measurement properties of the instruments 
assessed in this study, and none of the instruments were 
recommended as the most suitable. This systematic 
review highlights the dire need for precise SA measure-
ment instruments.

The gaps highlighted in this systematic review regard-
ing measurement property assessment can be used in 
designing new studies on the development or psycho-
metric assessment of this instrument. Moreover, qualita-
tive studies are needed to assess content validity in three 
aspects of relevance, comprehensiveness, and compre-
hensibility of an instrument from the viewpoint of the 
target population and experts. Interventional studies 
can assess the responsiveness and predictive validity of 
measures. Authors of measurement studies should pro-
vide more precise reports on the methods used to assess 
validity and reliability, hypothesis testing, measurement 
error, and relevant details [13–15].

One of the limitations of our study was reviewing only 
English articles and excluding gray literature. Although 
after the systematic search of the databases, the reference 
lists of the included articles were also manually searched, 
some of the studies may have been missed due to pub-
lication bias. Also, since 10 properties were assessed 
according to the COSMIN methodology, other measure-
ment properties might have been missed due to selective 
reporting bias.

Conclusion
This systematic review assessed the measurement prop-
erties of 15 SA measurement instruments using the COS-
MIN methodology. According to the results, evidence 
on these instruments is limited, and most of them have 
insufficient evidence quality. It seems that research on 
measures of SA in health care is growing.

Endsley’s model is the most commonly used in health 
care. More importantly, it emphasizes the possibility of 
abstraction at all three levels. To further identify and 
clarify the concept of SA in the HCPS as the basic step 
for instrument development, it is necessary that more 
studies on the concept of SA be conducted on HCPS.

We hope that major shortcomings will be addressed 
using this systematic review. More studies are needed 
to develop new instruments specific to SA and not SA 



Page 14 of 15Ghaderi et al. Systematic Reviews           (2023) 12:60 

as a subscale of non-technical skills. Further assess-
ment of measurement properties of the current instru-
ments based on the COSMIN methodology and precise 
reports on measurement properties and methods used 
in the studies is necessary.
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