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ABSTRACT

Consensus on how to assess non-technical skills is lacking. This systematic review aimed to evaluate the evidence regarding
non-technical skills assessments in undergraduate medical education, to describe the tools used, learning outcomes and the
validity, reliability and psychometrics of the instruments. A standardized search of online databases was conducted and con-
sensus reached on included studies. Data extraction, quality assessment, and content analysis were conducted per Best
Evidence in Medical Education guidelines. Nine papers met the inclusion criteria. Assessment methods broadly fell into three
categories: simulated clinical scenarios, objective structured clinical examinations, and questionnaires or written assessments.
Tools to assess non-technical skills were often developed locally, without reference to conceptual frameworks.
Consequently, the tools were rarely validated, limiting dissemination and replication. There were clear themes in content
and broad categories in methods of assessments employed. The quality of this evidence was poor due to lack of theoretical
underpinning, with most assessments not part of normal process, but rather produced as a specific outcome measure for a
teaching-based study. While the current literature forms a good starting position for educators developing materials, there
is a need for future work to address these weaknesses as such tools are required across health education.

Introduction

Practice points

Methods available in the assessment of non-tech-

nical skills include simulated clinical scenarios,

OSCEs, questionnaires, and written assessments.

The design of assessment methods should involve

consideration of conceptual frameworks and the-

oretical models.

e Future research should primarily focus on assess-
ment methodology, rather than non-technical skill
instruction.

e Research presenting non-technical skill assess-
ment should allow for replication through the
provision of materials and tools used.

e Future research in this area should focus on the
development of assessments mapped to learning
outcomes and consensus descriptors of specific
non-technical skills.

Non-technical skills describe a set of social and cognitive
abilities encompassing situational awareness, risk assess- O
ment, clinical decision making, leadership, communication
skills and teamwork (Baldwin et al. 1999; Gordon et al.
2015a). Situational awareness and risk assessment involve ©
perceiving, understanding and anticipating risks in a given
environment (e.g. a physician recognizes that task-switch-
ing during a busy shift contributes to errors, thus the phys-
ician deliberately slows down and focuses on only one task
when reading an ECG). Decision making requires the ability
to diagnose situations and make judgments concerning an
appropriate course of action (e.g. a nurse suspects a hemo-
lytic reaction and immediately stops the blood transfusion
when his patient develops a fever and hypotension).
Leadership describes an ability to influence others and pro-
vide direction without imposed hierarchies (e.g. a surgeon
guides the operating team through a complex case while

creating an environment that encourages all members of
the team to speak up to prevent error). Communication

describes the key skills needed to share information across
power and professional boundaries, ensure clear messages
are produced and using techniques to ensure understanding
and teamwork describe unity around shared goals, defined
roles and clear information exchange.

Many may equate non-technical skills with the field of
human factors. While Human Factors Ergonomics seeks to
engineer entire systems to reduce errors, it recognizes that

non-technical skills are a specific area which can be fos-
tered in individuals to support safety. Indeed, as the whole
field of human factors is situated in the context of enhanc-
ing safety within the many industries in which they were
developed, the medical and medical education literature
inescapably links the two. Lessons from other high reliabil-
ity industries, such as aviation and the military, have been
enthusiastically embraced within healthcare. For example,
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the discipline of human factors, environmental, organiza-
tional and job factors, and human and individual character-
istics which influence behavior (Wet 2012), has been
applied in aviation and the military to enhance the design
of equipment, optimize the working environment and
maximize performance (Catchpole 2013). This educational
methodology has been adapted for use successfully in
fields such as anesthesiology and shown to reduce error
(Flin and Patey 2009).

It is interesting to ponder whether such skills should
form the basis of good medical practice across the board,
rather than just error avoidance. However, currently almost
all works in medicine that discuss non-technical skills do so
in a safety context (Gordon et al. 2012, 2015b) and as the
only skills that can be cultivated in the individual to
enhance to achieve such goals, this link is not surprising.
What is surprising is that although two-thirds of United
States (US) medical schools mention patient safety in
coursework (Blumenthal 2010), only 25% describe curricula
with explicit attention to safety skills-based training (Alper
et al. 2009), but mention of non-technical skills conspicu-
ous by its absence.

The World Health Organization (WHO) curriculum on
patient safety for medical students (2009) aims to encour-
age and facilitate the teaching of skills-based patient safety
topics to medical students, with a specific focus on team-
based training, systems and error prevention (Walton et al.
2010), but again there is no explicit mention of non-tech-
nical skills. There are some indications that this deficit is

being tackled. More recently, organizations such as
the American Medical Association are championing
change in undergraduate medical education (UME),

with specific focus on teaching new content in health
systems science, which now include mention of non-tech-
nical skills (Creating the Medical School of the
Future 2017).

Non-technical skills should be delivered as part of the
undergraduate core curriculum before professional atti-
tudes are fully formed (Flin and Patey 2009). The failure to
incorporate such training into UME may result in such
topics being undervalued. Similarly, the absence of non-
technical skills training in the postgraduate curriculum is a
failed opportunity to provide repeated practice and to
develop an integrated, longitudinal assessment strategy.
Education and assessment of non-technical skills in UME
learners may provide a pathway to achieving safer and
more effective care.

A prior systematic review investigating non-technical
skills educational interventions found that most were
deployed with the expressed purpose to enhance patient
safety. With regards to specific interventions, there was an
identified a lack of scientific and theoretical rigor underpin-
ning published teaching innovations (Gordon et al. 2012),
however, synthesis allowed for some existing theoretical
constructs to be identified. A psychological theory of ego-
centric heuristics (Chang et al. 2010) describes a tendency
to overestimate how well communication has been under-
stood. Agency theory (Cheung et al. 2010) describes how
in shift based working a focus on task rather than individ-
ual patients can only be challenged by error wisdom.
Finally, the theory of “coordination costs”, and theories
concerning the diffusion of responsibility (Darley and

Latané 1968) describe the role of systems, processes and
technology in counteracting such problems as systems
grow and become more complex. Further work led to the
development of the SECTORS model of non-technical skills
learning (Systems and technology use, Error awareness,
Communication, Team-working, Observation and simulation
and Risk assessment and Situational awareness) (Gordon
2013; Gordon et al. 2015a).

Educational interventions to enhance non-technical skills
are necessary, but in isolation are not sufficient to advance
the field within education or clinical practice. Such
education must be coupled with rigorous assessments
to both drive learning, and ensure competence.
Unfortunately, non-technical skills are difficult to assess as
they form part of a wider set of interconnected behaviors.
Measuring the impact on patient outcomes also necessi-
tates finding a way to assess the longitudinal impact
of education.

A scoping review failed to reveal any systematic reviews
investigating the assessment of non-technical skills within
UME. Given the summative nature of many learning out-
comes in the field, we feel such a review is vital to guide
the inclusion of such assessments in high stakes summative
examinations and to identify how they may be assessed in
a methodologically robust manner. As such, we set out to
systematically review the evidence regarding non-technical
skills-based assessments in UME, to describe the overarch-
ing strategies utilized, learning outcomes addressed and
the impact of these assessments, in terms of their validity,
reliability, effect on performance and solutions to psycho-
metric challenges. A focused review methodology has been
used, defined as “a form of knowledge synthesis in which
the components of the systematic process are applied to
facilitate the analysis of a more focused research question”
(Gordon et al. under review). The focused review still
embraces the core principles of systematic methodology,
as these are crucial to facilitate transparency and scholarly
deployment. However, after scoping the project and identi-
fying the close link to patient safety of such skills, it
became clear that the research scope was narrow and
suited this methodology.

Methods

No single research paradigm was used for this review. We
embraced both positivism, through description and justifi-
cation of the assessment methods used, and constructiv-
ism, through clarification of the underpinning theoretical
frameworks that informed assessment choice (Gordon
2016). The manuscript was reported in accordance with the
STORIES statement, publication standards for healthcare
education evidence synthesis (Gordon and Gibbs 2014) and
the focused review deployed in line with specific guidance
(Gordon et al. under review).

Data collection

Scoping searches were performed to refine the search syn-
taxes and to clarify the inclusion and exclusion criteria for
the review. We encountered two key problems during
scoping: first, few papers described an assessment of non-
technical skills as their primary focus. Second, few papers
described an assessment tool at all. Thus, we broadened



our initial searches and considered papers for inclusion if
they either described an assessment as the main focus, or
if they described an assessment as an outcome measure of
an educational activity seeking to improve non-tech-
nical skills.

We embraced all study designs that targeted medical
students, including when medical students participated
within multidisciplinary teams and when the assessments
formed a core or elective component of an undergraduate
medical curriculum. Papers that described outcomes at all
levels of Kirkpatrick's adapted hierarchy were eligible for
inclusion. Studies from any country, published in any lan-
guage were considered. Studies describing only teaching
without an assessment, failed to describe outcomes or
described outcomes related to teaching, but not assess-
ment, and papers that gave opinions or reviews without
the primary use of an assessment tool were excluded. We
excluded studies focusing on the assessment of non-tech-
nical skills in the post-graduate populations because this
landscape has already moved in many ways to integrate
formative assessment of such skills in the field of simula-
tion. We believed that the specific needs within the under-
graduate landscape, in particular summative assessment of
such skills, represented a distinct educational problem and
context for this review (the search syntaxes, example
search strategy, inclusion and exclusion criteria are sum-
marized in Supplementary Appendix 1 and Supplementary
Appendix 2).

The following online databases were searched from
inception date of database up to January 2017 using a
standardized search strategy: ERIC, PubMed, MEDLINE,
EMBASE, CINAHL, Psychinfo, and Google Scholar. Abstracts
available online from relevant education societies, including
the Association for Medical Education in Europe (AMEE)
and the Association for the Study of Medical Education
(ASME) were also searched for the last three meetings to
ensure any papers currently under review, but not fully
published were included. Reference lists of the included
studies were hand-searched for additional relevant studies.

Data analysis

Citations were screened independently by two authors, MG
and RA. Abstracts considered potentially relevant for inclu-
sion were independently reviewed by these same authors.
Agreement was assessed using Cohen’s kappa statistic.
Full-text articles were then reviewed to determine whether
all inclusion criteria were met. Any disputes at any stage of
the data analysis process were resolved by consensus.
When insufficient information on an assessment was pro-
vided to make a judgment, we attempted to contact the
authors for further details. For the included studies, the full
manuscripts were assessed independently using a data
extraction form (Supplementary Appendix 3) by CGC and
RA, with MG and DG ratifying the assessments.

The data extraction form and quality assessment tool
(Supplementary Appendix 3) were produced utilizing guid-
ance from Best Evidence Medical Education (BEME)
(Hammick et al. 2010; PRISMA 2015; Reed et al. 2005.

The quality assessment of the included studies was
broadly split into two main components: research method-
ology quality and reporting quality (Supplementary
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Appendix 3). The research methodology quality assessment
was completed as a “yes/no” response to eight questions
focusing on study objectives, study design, randomization,
reporting of participant characteristics and description of
the intervention. The reporting quality assessment included
six items: description of underpinning theoretical models,
description of the assessment process, the educational con-
text, psychometric details, provision of materials allowing
replication and the strength of the conclusions drawn. The
first five of these items were scored on a three-point Likert
scale, with the last item strength of conclusions, scored
against a five-point Likert scale. The impacts of the inter-
ventions were classified in accordance with Kirkpatrick's
adapted hierarchy (Bates 2004), in line with guidance pro-
vided by BEME (Hammick et al. 2010). A descriptive synthe-
sis of all included studies was completed, summarizing key
findings, with an assessment of quality indicators as
listed above.

If data were provided that supported quantitative ana-
lysis, such as validity or reliability, this was completed using
the Cochrane Revman software (2014). For continuous
data, the standardized mean differences (SMDs) were com-
pared. For discrete data, odds ratios (ORs) were used. For
data regarding the theoretical underpinning, pedagogy
and content of the assessments, a posteriori thematic ana-
lysis (Strauss and Corbin 1998) was planned in detail in the
protocol, but as such data were ultimately not available,
these details are not described.

Ethical approval was not sought for this review as it did
not involve any direct participants.

Results
Search results

Initial searching of both databases and alternative sources
yielded 12,180 records, leaving 10,060 citations after de-
duplication. After title screening, an additional 9463 cita-
tions were removed, leaving 597 abstracts to screen for eli-
gibility. All abstracts were read by MG and RA, and 19
articles met the criteria for full-text assessment. The most
frequent rationales for excluding studies at this stage
included no assessment measure, a review article, letter, or
editorial, or an exclusive focus on graduate or post-
graduate level learners. Given the relative clarity of such
judgments, these were clear from the abstract with no full
text review needed for most papers to exclude at this
stage. No studies were excluded on the grounds of publi-
cation in a non-English language. Agreement between the
two reviewers on abstract screening was good (kappa stat-
istic: 0.91).

Of the 19 articles undergoing independent full-text
assessment for inclusion, 10 were excluded on the grounds
of not meeting the full inclusion criteria (Anderson et al.
2009; Hall et al. 2010; Leung and Patil 2010; Robertson
et al. 2010; Dudas et al. 2011; Stahl et al. 2011; Meier et al.
2012; Myung et al. 2012; Kiesewetter and Fischer 2015;
Martinou et al. 2015). The reasons for all of the exclusions
at this stage were related to not describing a non-technical
skills assessment, but instead a limited outcome measure
focused on verifying the education delivered within these
primary studies. The key discriminating factor used to
make the decision was whether the assessment had any
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potential utility as part of ongoing formative or summative
assessment, outside of the report itself. Given the difficulty
of such judgments, particularly as many of the included
studies were similar, these were discussed amongst the
whole team and consensus confirmed.

Nine papers were ultimately included in the qualitative
and quantitative syntheses (Madigosky et al. 2006; Paxton
and Rubinfeld 2010; Daud-Gallotti et al. 2011; Aboumatar
et al. 2012; Miiller et al. 2012; Ginsburg et al. 2014; Jansson
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Figure 1. Analysis of the non-technical skill assessment methods and out-
come measures.

et al. 2015; Thomas et al. 2015; Farnan et al. 2016). The
search flowchart is shown in Figure 1 (2006-2016) and an
overview of the included papers is shown in Table 1. Data
were extracted independently by CGC and RA, who
achieved concordance in 94% of quality ratings, with con-
sensus reached on discussion (Supplementary Appendix 4).

Study participants

Of the nine studies, five of them were based in the US
(Aboumatar et al. 2012; Madigosky et al. 2006; Paxton and
Rubinfeld 2010; Jansson et al. 2015; Farnan et al. 2016),
with a further one in each of the following; Canada
(Ginsburg et al. 2014), Brazil (Daud-Gallotti et al. 2011),
Germany (Muller et al. 2012), and the United Kingdom
(Thomas et al. 2015). The average number of participants
per study was 92 (range: 18-214). All but three studies
focused entirely on medical students (Paxton and Rubinfeld
2010; Ginsburg et al. 2014; Farnan et al. 2016), with two
studies covering second year medical students (Madigosky
et al. 2006; Aboumatar et al. 2012), four studies focusing
on third and fourth year medical students (Ginsburg et al.
2014; Jansson et al. 2015; Farnan et al. 2016), and the
remaining three studies including fifth or sixth year medical
students (Daud-Gallotti et al. 2011; Muller et al. 2012;
Thomas et al. 2015). Two studies, in addition to under-
graduate medical students, involved nursing students
(Ginsburg et al. 2014) or physician associate students
(Paxton and Rubinfeld 2010). There was minimal common-
ality between studies focused on participants at similar
stages in medical education training, or between studies in
the same country.

Quality assessment

From a methodological perspective, all studies bar one
included a review of the literature (Jansson et al. 2015) and
provided clearly defined objectives (Paxton and Rubinfeld
2010). All nine studies reported on and designed their
study appropriately in response to the research question
and provided learner characteristics. Three studies
employed the use of control groups (Paxton and Rubinfeld
2010; Muller et al. 2012; Thomas et al. 2015), three utilized
a form of randomization (Aboumatar et al. 2012; Mdller
et al. 2012; Farnan et al. 2016), and two studies described
the educational intervention in enough detail as to allow
for replication (Daud-Gallotti et al. 2011; Farnan et al. 2016)
(Supplementary Appendix 4).

Four (Madigosky et al. 2006; Aboumatar et al. 2012;
Jansson et al. 2015; Farnan et al. 2016) of the nine papers
did not provide any descriptions of theoretical models or
conceptual frameworks utilized for the non-technical skills
assessments. A further three provided limited descriptions
aligned with conceptual elements related to error wisdom
and situational awareness (Paxton and Rubinfeld 2010;
Muller et al. 2012; Ginsburg et al. 2014). The remaining two
gave significant detail of the frameworks used, one fully
aligning with theoretical principles (Daud-Gallotti et al.
2011) of non-technical skills (Ginsburg et al. 2014) and the
other identifying key theories related to error origins,
describing  the  “practice-effect” concept (Thomas
et al. 2015).


https://doi.org/10.1080/0142159X.2018.1562166
https://doi.org/10.1080/0142159X.2018.1562166

MEDICAL TEACHER (&) 5

(panupuod)

S/€

174

/e

S/€

ey [9A9]

qz (2827

qz 19A9]

qz A9

“diysia)p uapnis
|ed1paw buunp
sapualadwod
Kiayes juaned
33enjeAs 03 |00}
Injasn e s1 3350 uy
uAPIYNS 3q
pinom uoness sad
Jossasse 3|buls
e Bunsabbns Ay
yum
palenjers aq
UBD UBWIONIY
*buriods
uonels a|qela.
Alubiy yum syusp
-nls [edIpaw pue
buisinu yloq 01
a|qedijdde aiam
sapualadwod
Ki3yes jusned
0 paddew soleuads
“uawdojanap
Jenou
-1n2 1oy syabuey
ypads WbIybIYy
sbunes aduew.oy
-13d yiomwes)
pue sa103s 3bp3|
-MOUY MOT "SJusp
-n)s [edipaw Jeak
yunoy Jo uoyod
B UIym si0}
-JBj UBWINY pue
2INSOPSIp 101D
buipiebas 9dus
1adxa pue ainy
- A1jes Jo ye|
e payybiybry synsay
JU9)U0D Pasnd0)
-f1aes
0] saaules}
dnposul 0} Aem
dAD3YD pue 3q
-Sed) B Sem ol
-edyuIp! piezey
‘uonezijendsoy
10 spie
-zey uowwod bui
-Kynuapt Aynoyyip
pey suimul diys
Sp3P pue syusp
-n)s |edipaw ylog

‘uonels 3550
ue Jo uonnd
-axa/auswdojanap
pue IsippPaYd
Kiajes juaned
pazipiepuels
‘weiboid Kiajes
juaned pajejnwis

‘suoiels 3950
pajenjead
¥ pue siojey|dey
/siossasse paulen
Ino4 “(s;aquiaw
yeis /) doysyiom
bunum ases Aep-g'|

‘31eMYos
buipiodas
|ensia-oipne pue
‘SI9AI9SQO paules)
‘0lIRUDIS UONE)
-psNsas pajenwis
Auapy-ybiy

40 wawdojarsq

“asinadns 03
Jopoid pue
woo. yuanedu;
paie|nwis
O UondNIISUOd
‘lapow Bujuresn
buisinu ‘s3>
-Inosal pue oue
-uads Jo Juawdojaasq

REUNIBIOIE]
[ed1paw
Uo deqpad)
Buinedai pue
‘Bussasse ‘buls
-snasip ‘Buiuies|
Jo Juepodwi ay)
paziubodas oym
‘(%¥6) s;uapnis
Aq pates Alybry
9I9M JUBWISSISSE
pue wnjndLun>
fidyges Juaned ay|

(suonels 3950

¥ 3y} 1o}

780 0} y£'0 Woly

pabues s3100s X

pa1ybram) Jusw

-9a16e jua||edxe
PaNQIYXd SI0SSASSY

‘pajenena 10N

‘palen|ena JoN

(06~ Yroq)

sulewop

T 13410 3y} ueyy

1amo| Apuediubis

SeM (LTTF96°LL)

10443 [edIpaW

10} 3105-qnS

'65°£8 Sem uon.

-e)s K1a4es juanjed
10} 21035 [eQO[)

(50'0 > d) suon
-e]s 7 9y} 40 € uo
SJUIPNIS [EIIPAW
ueyy samo| Ajpued
-1ublis paiods
syuapnis buisiny

(Wv3L - tlom

-weal) 0L/vy's

pue ‘(1I-0sdv

- Kiages) oL/ey's

‘(Juswssasse

abpajmouy) |
/8€'8 P3I01S JUapNIS

‘sdnoub pie
-zey 6 3y
40 9 ur Apuanb
-1} 20w spiezey
paynuap! Apdas
-10D Jawiioy 3y}
‘suiaqul ay) 01
S1UaPNIS [eIIPAW
ay3 buuedwo)
1uediyed Jad
spiezey |’ Jo
ueaw e paynuap!
Aj1221100 suiaiul By

auop sem
SIyL “siolneyaq
nsiuewny pue
sapnune diysuon
-eja1 uepisAyd
juaned ‘Ioua |e:
-paw Jo sulewop
ay) buissasse
juaned pazip
-lepue)s pea Aq
paisjdwod sem
IsippPaYd A1ages
juaned pazipiepuels

“(19n3] styx

e Jsuied| e

Jo payadxa [9A3]

3y} anoge =1

‘pajens

-uowsap jJou

uaadwod = ()

sap

-uaiadwod A1ajes

Juaned uo ajeds
Bunes jeqo|b juiod-g

(Wv3L) ainseaiy
Juswissassy
fouabiaw3 wea|
153] abpajmouy
Kiayges yusneqd

(4Wy) uonepunoy

Juawabeuepy
1Sty (11I-0SdV)
2JleUUONSaNY
JAETLIN

1udlled 01 SIPMIMY

*(spaezey 132110
uesw pue 1231

-10> spiezey o)

sonsiieys aAndudsag

'SaNSs| Ws|
-uewny pue
uoneas uepisAyd
-uaned ay} ‘ain
-sosip/uoniubo
231 JouI3 [edIpaw
‘buipnpou; sanss|
£Kyayes juaned
uo Buisndoy suon
-B3s 3y 4o 3uo
Yum 3350 ue

pajajdwod syuapms

“(1mynd aun
-sopsip pue
SIUDAD 3SIIAPE
0} asuodsal
pue aziu
-bodas Hsu buibe
-UBW “jiomwea)
‘uofyedIUNWWOod)
suoisuawip Aous)
-adwod K1ajes
uaned jueasjal §
/¥ UO PalI0ds sem
uonels 3350 Yoe3

*suolssas padey
-03pIA/aNI
buimain 1ayye
(WV3L) ainsesiy
JUBWISSISSY
fouabiawg
wes] 3y bunsid
-W0d SIsAIBSqo
pauten yum
SOLIUIDS UONRID
-snsal uone|nwis
Auapy-ybiy u
paredpiued syuapnis
-3|qussod se spie
-zey Aajes Auew
Se juswndop
pue Anuapi o}
payse pue pawin
Qlam sjuspnis
‘spiezey A1ajes
ed juawndop
pue Anuapl
pue ueyd Hnip e
M3IAR1 0} payse}
a1am (dwed
100q) susul
pue (3350) swuapnis

‘3INs0SIp pue
‘SYUIND
9SI9APE ‘syuapidUl
Jo ABojolwap
-1da ‘Aioay) Joud
UewWINY UO SNdo}
e yum weib

-oid A1ajes juaneq

“jiomawiely
fouaradwo)
[SETLINETNT]
seale Aouaradwod
33 4o  1sea|
1e pap?s|jas uon
-e)s (peg ‘A1ages
Juaned uo snoy
e yum suadxe
pIaYy Aq pasiesdde
pue padojansp

suonels 3350 v

‘uanIb s|ie1ap

Y

-inj ON "UOISS3s

elwyIAyIsAp deip
-1e> paseq-paje|nwis

‘dwed-j00q
Kiopnponul ue
40 1ed pawuoy

SIY) susRul

3y} Joj pue ‘3350
ue jo juauod
-Wod e sem siy)
‘SJUSpNIS [EdIPA
ay) Jo4 spiezey
Kyages bunyb!
-ybiy parnas
-uod OueudS |eJIUID

Sju3pn3s [edl
-paw 3jenpelb

-1apun 1eaf Y15 56

SJuapNIS [ed1

-paw pue buisinu

ajenpelbiapun
1eak yxy pue pig gL

Sju3pN3S [ed}
-paw 1eak Yy
ajenpelbiapun pS|

suiR)ul 1eak

diysyzp

871 pue sjuspms
|edipaw 1eak pig 98

R5)
sanbupoy
-opuly
pue
ebeunop

|euoneAIasqo mo|jen

lizeig ‘1 10T

[LREIEEINS

pue

ouunbai]
‘bingsuin

|euoneAIasqo epeue) ‘4107

[RCRCTE]

pue

ueboin-uy
‘uossuef

[_UONDDS-5501) VSN ‘sLoz

‘e 19
uo3sod
pue
Aauyen ‘ueusey

|euoneAIasqo VSN ‘s10T

uco_mJ_UEOu
40 ybuang

qPWODINO JO [9A37]

S

> 4 8 Vv

oiedipul Ayjenb abelany

n

uoIsnPUO)

$92IN0SaY

aduewuopad
JUBISSISSE S)INSAY

aduewlopad
Jaulea| :synsay

9WOOIN0 JUBWISSasse
NS [ed1Uyd3)-UON

SPOYlaW jusawssasse
S [e21Uyd3)-UON

uonuUIAIBIUI
Jeuonesnp3

syuedpiuey

adAy Apmg uonedo| ‘Ieap Joyiny

*Alewiwins salpnis papnpul jo soisuapeley) L dqel



(panupuod)

Bujutes soze| ‘Ui WIS 95IN0d 3Y) pajes 01 (uonuaAIII anbiuyra) palejnwis |euonenyis [CRERTILI]
-nwis Aep-g'| ay) ‘1ed uoneld 7l - (sasuodsas -aud) €7F90L JUBWISSSSY uonuansRul-sod uo 351n0d (YD) SjuspnIls [ed1 pue
10 951N0> YD -SNsal ‘WooJ ded aureuuonsanb woJj paseadul leqo|9 pue-axd e ul Juawabeuepy -paw 9jenpeib UUBWINUIM
s/€ € PAa] Aep-g'L ays JayueN SAISUIUI paleINWIS 02) dnoig Wis ul 31035 |YOYS  Ssaudsemy [euoilenlis  Led %00 S)uIpNIS ||y 324n0saY Ma1) -1apun Jeak Y19 19 1oyod aandadsold  Aueunsn ‘710z ‘|asueH
159} WIA-61
e buisn painsesw
sem abpajmouy
K19jes pue ‘ajeds
*S9IMANE Uol} adA-uayn g-L e
-B|nwiIs 1oy uo buods syusw
%L6 01 %6/ WOy -ajess g buisn
pue ‘saniAnoe painseaw sem
dnoub |jews Koeduya-yp9s ‘08
10§ %001 01 %t/ 01 0 wouy sabues
WwoJj ‘suoissas ‘uonedUNWWod 531025 d)isodwod
212epIp 3y} 1o} ybney e S1S "9[eds adA1 ‘uonoejsies
9656 01 %// Woiy 10y Aoed1ga-J9s Ul -UdYI H—0 & U0 pue sadideid
pabues ,|njasn $958310U1 JUBdYIU swial 07 ‘(SLS) f13)es A|dde 0y
s A1ajes pue Kian, 10 ,[njasn,, -bis Ajjeonsnels 9jeds bunjuiy) uonuaul JuspNIS
uonedIuNWWod Se SUOISSas pey siuapnis walsks pajep 10 JuBWSSASSe
ybney |je Joy Bunes syuapnis (Loo>d -Ilea 3y buisn UOIS53549)UI-150d
£oed1)-49s pue Jo abeyuadiad 'p'( = dseanul painsesws sem “Bupjuiyy wassAs ‘suone|nwis pue
‘bupjuiyy paseq ay] "syuapnis bui 2102s ueaw) Bunjuiyy waisAs pue Kediya-jjas saniande Aeyd
-wAshs ‘abpa) -puodsai Jo %76 Bujuiyy waisAs *abpajmouy| A1ajes ‘wajqoud A1ajes 3|01 ‘sanIAde [RE]
-Mmouy pasealdul £q ,poob £ian, (100> d ‘%61 pue £ediya-jjas JO ssaualeme dnoub |jews ‘bul uosmeq
ul paynsai ‘wnjnoLnd Aajes 10 u3j|9dXx3, = 9sealnul alods ‘Bunjuiy) way ‘abpajmouy| Jusap -ules| paseq-ased Syuapnls [edl pue
uoIssasIUL juaned Inoy Se pajes sem ueaw) abpa) -sAs a1am sajqer -N]s JO uolen|eAd -paw ajenpeib uosdwoy|
s/€ qz [9A9] Kiges quaned ay) -9 e Jo Juawdojanag Anenb uoissasiaiul  -mouy A1ajes Juspnls  -ieA awodNno Aiewld uonuaaaul 150d-a1d  -NdLIND A1ajes juaneqd -1apun Jeak pug 611 Ja)e pue alopeg VSN ‘2Lz “121eWnoqy
‘wshs buy
-Jodal 103}
3y} pasn pey ‘widyshs bul
9%/ PUE JaquIBW -uodai djuonds|
Ayndey e 0y buisn pauiodas
10119 U pasop 9%, Aluo “1o113
Pey %9t ue paAIdsqo
“Juapisal e 0} pey sjuapnis
10413 Ue pasojsip 10 %9/ ‘1eak-| ‘2INs0dsIp pue
Pey %95 usp 1y "1eak suo saye ‘SJ1y1e pue ‘s|ooy
-N)s MOJ|3} © 0} Jo/pue wnjnou ‘sadudLadXd Kiayges ‘yoeoidde
10419 ue paso|d -Ind ay) Jaye uon 2InsopsIp pue uewny snsiaa
-SIp pey %L/ -D3.Ip palisapun '2101S UeaW 153} bunuodai souz wa1sAs ‘Buniodas
‘sjuapnis Isayy ue ul pabueyd -150d Jeaf-auo noge papuodsal 10119 ‘M3IAIDAO
JO "1ou3 [edIpaw S pue abueyd 0} 310S UeBW 0s|e sjuspnis Kiayes juaned
*1e3k auo © pPanIasqo pey 10U pIp SWaY £ 15919.d wiouy 1e9-1 1y “winjndu ‘sawayy urew
1e pauleisns -19ndwod Kayr bunels %9/ “1eak | e paulel (D %S6) abueyd> -ind-1s0d Jeak-| 9Nl ssalppe 0}
asam sabueyd e pue ‘suoissnasip YUM ‘wnjnound -utew / Ajuo yum ueaw pue 3103 pue ‘wnnoundy Bujwie padojansp
Jou Inq ‘sapninie -]aued ‘sjeuioyny 3y ul pauJes| wnnoInd ay) ueaw 3saj-1sod -3s0d ‘wnjnou Sem wn[nou |e 19 uos|aN
pue ‘s|ys ‘26pa| ‘$91N19] JO W0} A3y1 18yMm pasn 1a)e panosdu 01 21035 UeBW -in>-a1d aureuuon -Ind Aujiqijey [edt SJuIpNIS [ed1 pue
-mouy ul sabueyd 3Y3 Ut wnndInd Buiney payiodas 21025 abpa| 15912.d woyy (D -sanb sapmime -paw pue Adjes -paw enpeib Ndupeay
s/ € [9A91 0} P3| WNINdLINd 3yl 1y6nel Jo sinoy soL SIUSPNIS JO %95 -Mouy pue swa)l g 9%56) 2bueyd uealy  pue s||pjs ‘abpajmouy uaned Inoy-s'oL v -1apun Jeak puz z6 [BUONDDS-5501) VSN ‘9007 ‘Aysobipepy
"$2101S urewop
-gns pue [eqo|b
01U} paLaAU0d
alam asay] ‘(Kluo
M ulewop Joireyaq
[ Jnsiuewny)
= 2102s-pdy17 wiod
m -G pue (MalAIRA0
o anndudsap yum)
MUn 21035 9 dIOYD
U] -¢ e ybnoiy
= ,uoisnpuod Quonnoyopasl s D> 4 8 Y N uoisnpuo) $32IN0S3Y dduewnopad aduewnopad 3WODINO JUBWISSBSSR SPOYIBW JUBWISS3SSR uonuaAIRUl syuedpiuey adfy Apnig uonedo| ‘1eap Joyiny

Jo yibuang JUBLUSSISSE :S)NSY Jauled) :s)nsay

3S [ed1UYD3)-UON 3jS [EDIUYD3)-UON |euoneonpg

lored1pul Ayjenb abesany

© "panunuo) °L dlqeL



MEDICAL TEACHER 7

‘Ayjenb mo| suesaw pas 10 A6 1sow pue Ayjenb Jeapun sueaw £316 asow 1o mojjak ‘Aljenb ybiy sueaw Aeib ybl| Jo Ul

‘(JedoAinbaun ale synsal ‘g

‘an1) g 01 Al A1A pue Jespd ale synsal :p ‘S}Nsal 3y} uo paseq aq A|geqoid ued sUOISN|PUOD € ‘pual) e 3q 0) sieadde a13y) Ing ‘snonbiquie s3Nsal g ‘JUedLIUBIS JON “UMBIP Q) UBD SUOISN[PUOD JB3> OU :|) SUOISN[PU0D JO Yibualls,
“(syuaip/suaned 03 s1ydUq Gy [9A3] ‘d1deid [euoneziuebio ul abueyd ey [aA3] ‘aBueyd [eloIneyRq (€ [9A3] Is||Kjs/2BPamMOS JO uonEdYIPOW T [9A3] ‘UOnEdYIPOW BT [3A3] uonediiuied (| [9A3]) BWOIINO JO AT,
“(SuoISn|pU0d Jo Yibualls ) AuU0d :S ‘sourdwoydAsd :d {punoibydeq g ‘poylaw Juswssasse 1y suomawely buiuuidispun :n) Jojedipul Aljenb abeiaay,

*Apuediyubis
siolneyaq K1ajes
uaned anoidw

03 Ajiqedes

*10119 pue
dnuiajul ‘uon

%08 19A0
3q 03 paie|
-ndjed sem Jamod
Apms a1 ‘€01 J0
as ue pue ‘500
4O [3A3] 2dued)
-bis e ‘| Jo azis
ajdwes e yum
*(S€00°0 = anjea
d) |013u0d Jan0
%EVE |eu
-ppe ue Aq sajel
1044 pacnpas

‘(%LTy Jo
uodNpay)
h=(sy9am

-p) uonejnwis
dnoib jonuo)
'/ = sioud
auleseq dnoib
1043U0D *(%+'9L
JO uonpnpal)

“(punou piem
uonUAAIIUL
-150d pue punoi
paem auljaseq)
sIpP3Yd pazip
-1epue)s e jsuiebe

*yndey punos
piem

palejnwis ay1 jo
Jaquiaw pauten
e £q pai|dwod
Sem 1siyPayd
ay] -adue
-wiopad jusp
-n)s JuaWndop
0} pasn sem
sIpP3Yd pazip
-Iepuels e 3J3yYm

PIOTCHTT]
-paw 0} uone|a.
)l pue Judaw
-abeuew Joyen
-sip uo pajabiey
Sem speq

-paay pazijenpin
-lput ayL “punoi
piem aulppseq
Buimoyjoy uon

3y} sey ydeqpaay -JBASIP UO SN0 uonudAIII L1 = sioud punos prem punos prem -UBAI9IUI SB JoLID
paiabuer yum © Yum spunos siy1 ‘sdnoib yroq UOIUIAIRIUIFISOd palejnwis yoea palejnWis UONUIA pue Juswabeuew S1UapNIS [ed] |e 12 uebay
piem paje| ul [|3) sa3el Joud 7L = siold 18 panwwod Jopensip uo -paw a1enpeib pue
S/€ qz [oAe] piem pajejnwis -NWIS ANUIW-0E X T [ed1paw ybnoyyy UonUAAIRIUI-3IY SI0LI JO JaqunN paredidiied syuspms Peqpasy ajeipawiw| -19pun Jeak jeuy g7 10Yod anipadsolyd N 10T |02IN ‘sewoy]
'$91005 159)
pue sa10ds yjow
-9 9y} uamiaq *SUONIRIBPISUOD
punoj sem L]
UIYIP (8D pue a1nso|>:
-1e1S ON “Ssyjuow *S|I0} ¢ pue wals Jou9 ‘Kio
9 J9)e paisal-al uonsanb jauq -9y} Joud ‘@dudp
219M 1nq ‘uols B Y1Mm jewio) DUl ‘SI04I9 Judle|
'$10119 (3] *suoIsSNISIp -535 [euonedNpa loyd-sjdnjnw SNSIAA dAIDR
-paw jo Buipuels dnoib ay) (L0'0>d) %L6Y ul a19m suonsanb ‘ABojouiwi)
-19pun [esauab -|lews apinb 10U pIp sjuspnIs =159} ‘(%) 131100 3L I91e| syruow :s123(qns 10419 (syuapmis
ur duewiopad 0} Jojey|ey 353y "IUBWINIISUL -150d wia-buo 1533-350d ueaw ZL-1 pawiopad |edipaw Jofew ajeosse
panoduw Juedyiu e yum spafgns Bunsay ay1 pars|d (1070 >d) %L wiay-buo| pue auam sysal-1sod 9 buuanod (uon uepisAyd g pue
-bis Ajjeonsness o 10113 [ed1paW -Wwod syu3pnis = URAW 15331504 (%) 129110 159) wi3)-6uo 151 -ejuasaid ap. S1UapNIS [eI1PAW plajuIgny
P3| uonuaAIRIUL Jofew 9 bupaA0d |edipaw Jeak pig (10°0 > d) %E'6T -3s0d ueaw ‘(%) uonuansRul-sod -Gi) UOISSas uon 9%) sluapnis pue
s/€ qz [9A9] Jeuoednpa Jauq syl uoneluasaid apls-Gi ¥ Jo dnoib jonuo) = UedW 159)-21d 1221100 15912.4d URBY pue -aid uonsanb-z|  -eanpa siowd [eAIPAR ajenpelbiapun | 1OY0d 3AIddsold VSN ‘0107 uoixeq
‘panalyde aq
'$91025 UON pno> syuiod ‘(swau €| pue
-uansaul-aid LZ J0 3102s wns ‘LL ‘0L) areuuon
woyy Iy 10U wnuwixew e ‘oue -sanb e 919|dwod
pIp uonuaAIRIUI -U?ds Yoea Jo4 0} S3wf} € Wool
-150d $9100s dUE “(sway p) uoned uonenwis ayx ‘(Buiuren Aue
-wopad [edrulp -pRue bussasse Wioyj UdNe} UM 1ejqo jou
ay] “dnoib join 0} paLidjal suon SyuapNIS ay) pip dnoib jonuod
-uo ayy Jo dnoib -sanb ¢ 9A9] pue ‘OLIRUDS AINUIW 3y "uoneydsnsal
‘buiuten WyD uonuIAIRUI WYD (sway ) uoniu -0L ayy buung sisdas uo Bujuresy
1ye 3Y1 Ul paAIRsqo -bodai 0} paussal ‘palenjeAs alsm paseq-uonenwis
10u ‘Buluiesy Joe| sylew e alam sabueyd suonsanb aueunopad 10 SOLIRUDS SIS
-nwis Jaye Jaybiy -1910 Jejiwis uedyIubls T 13A3] “(swidl |ed1paw J12y) pue -l Ul ssaudieme
2I9M $3100S panadal dnoib oN ‘dnoib WIS €1) uondad ssaualeme uolne enyis anoidw
1YOYS adue WYD *,poob, ay) ul (o0 =d) -13d 0) pawuajl -nyis syuapnis 01 saibarens bui
-wiopad [edmulp “103e||LUqUIP se 11 pajel £ pue (uonuaniarul suonsanb ayl “poys dn -ydope uo sndoy
3y} pasuanjul pue J0je|uaA LAUR||2IX3, se 2sod) £ LF6LL L [9A97 *(LYOVS) -das uo oueuads e Yum ‘ssaudleme
V—‘_O_w._‘__v_._Ou nmEOE:O JO [9A97 S p) d q Y n uoisnpuo) $92IN0Say wu_._mE‘_O*_wn WUEwEhOth 9WOOIN0 JuBWISSasse SPOYlawW jusawssasse uonusARul mucmn_u_tmn_ wQ%« >U:«m uonedxo| s_mw», loyiny
Jo yibuans JUDWISSISSE :S}NSay JauIed| S} nsay SIS [e21UYdR)-UON 1I13S [e21uyI33-uoN |euoneonpy

o1ea1pul Ayjenb abesany

"panunuo) °L dlqeL



8 M. GORDON ET AL.

Simulated clinical
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| N

Figure 2. Assessment of non-technical skills.

Only two of the nine studies provided details of materials
used, such as mark sheets, in sufficient detail as to allow
replication (Muller et al. 2012; Thomas et al. 2015). The
strength of conclusions estimated by employing the BEME
strength of findings scale (Hammick et al. 2010), revealed
eight studies scoring 3/5, suggesting that their conclusions
were most likely based on the results (Madigosky et al.
2006; Paxton and Rubinfeld 2010; Daud-Gallotti et al. 2011;
Aboumatar et al. 2012; Mdller et al. 2012; Jansson et al.
2015; Thomas et al. 2015; Farnan et al. 2016). Only one study
achieved a score of 4/5, suggesting the conclusions are clear
and very likely to be true (Ginsburg et al. 2014). Over half of
the studies (five of nine), provided a clear description of the
process and outcomes of the assessment (Madigosky et al.
2006; Daud-Gallotti et al. 2011; Ginsburg et al. 2014; Thomas
et al. 2015; Farnan et al. 2016).

Assessment tools

The wide variation of educational interventions and non-
technical skills assessed meant that a diverse range of
assessment methods were utilized. The specific non-tech-
nical skills assessed varied, which is understandable given
the lack of explicit recognition of what constitutes such
skills until recently that has been previously noted, but
attempts were made to consider how such skills fit within
the more recent published skill sets. Described skills
included situational awareness, distraction management
and managing risk (seen as a subset of risk assessment),
teamwork and maintaining interprofessional relationships
(which also included elements of communication), hazard
identification (situational awareness), system thinking

Team Emergency Assessment Measure (TEAM)
Jansson, An-Grogan and Elleret al

Situation Awareness Global Assessment Technique (SAGAT)
Hansel, Winkelman and Hardt et al

Standardised error and distractor management checklist
Thomas, Nicoland Regan et al

Identification of patient safety hazards
Faman, Gaffney and Poston et al

5-point global rating scales on patient safety competencies
Ginsberg, Tregunno and Smeeet al

] Standardised patient safety checklist

Gallotti, Morinaga and Arlindo-Rodrigues et al

Knowledge, skills and attitude questionnaire

__/ ' Madigosky, Headrick and Nelson et al

System Thinking Scale (STS)
Aboumater, Thompson and Dawsonet al

Self-efficacy Likert-type scale
Aboumater, Thompson and Dawson et al

‘\\' Multiple-choice medical error assessment
Paxton and Rubinfield

(clinical decision making), humanistic behavior, self-efficacy
and workplace attitudes (all elements of leadership) (Table
2). The variation in interventions and skills assessed was
from more than just nomenclature and represented a pri-
mary source of significant educational heterogeneity
among the studies. Broadly, assessments fell into three cat-
egories — simulated clinical scenarios, objective structured
clinical examinations (OSCEs), and questionnaires or written
assessments (Figure 2). An overview of the methods used
in each paper is depicted in Figure 2.

Three studies employed simulated clinical scenarios as an
assessment method with a variety of outcome measures.
These included the Situation Awareness Global Assessment
Technique (SAGAT) questionnaire (Muller et al. 2012), the
standardized error and distractor management checklist
(Thomas et al. 2015), and the Team Emergency Assessment
Measure (TEAM) (Jansson et al. 2015) (see Table 2 for details
of simulated clinical scenario assessment methodologies).
These assessment modalities tended to assess a limited
number of non-technical skills, which may limit their utility
in UME. However, the tools did to have good validity evi-
dence for assessing specific skills. Thomas et al. (2015) were
able to demonstrate the ability of simulated clinical scen-
arios to assess key behaviors through a standardized check-
list, with a statistically significant reduction in medical error
rates in the intervention group in practice.

Three studies utilized OSCEs. One study assessed learn-
ers’ identification of patient safety hazards in a patient
safety room of horrors (Farnan et al. 2015). This study
aligned with error awareness as an underpinning element
of non-technical skills (Gordon 2013). Another study eval-
uated patient safety competencies on a five-point global
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MEDICAL TEACHER 1

Table 4. Use of questionnaires and written assessments to assess non-technical skills.

Summary of
Assessment Non-technical assessment
methodology skill assessed methodology

Administration
of assessment

Use in non-technical

Example items skills assessment

System-thinking scale
(STS) (Aboumatar
et al. 2012)

System thinking Externally validated
scale used to meas-
ure system think-
ing. It is composed
on 20 items on a

0-4 Likert-type

Self-efficacy Likert-
type scale
(Aboumatar
et al. 2012)

Safety knowledge
assessment
(Aboumatar
et al. 2012)

Agreement statements
(Aboumatar
et al. 2012)

Medical error know-
ledge assessment
(Paxton and
Rubinfeld 2010)

Self-efficacy

Safety

Intention to apply
safety practices

Medical
error knowledge

scale. The compos-
ite score ranges
from 0 to 80.

Nine “I know how to”
statements on a
1-5 Likert-
type scale.

19-item safety test.

Intention to apply
safety practices is
assessed via agree-
ment ratings to
two statements.

12-question know-
ledge assessment in
a multiple-choice
format. Questions

were under the
domains of: termin-
ology, active versus
latent error, inci-
dence, error theory,
error disclosure and
legal
considerations.
28-item questionnaire.
5 items assessed
knowledge, 5 items
measured skills, and
18 items assessed
attitudes. All items
were measured on
a 5-point
ordinal scale.

28-item questionnaire
(Madigosky
et al. 2006)

Knowledge, skills
and attitudes

physicians do not make
medical errors that lead to
patient harm”

Skill item: “Supporting and
advising a peer who must
decide how to respond to
an error”

Knowledge item: no data.

Item 2: “I look beyond a spe-  Used to assess system Online
cific event to determine thinking before and
the cause of the problem”. after a six-hour
Item 10: “I propose solutions patient
that affect the work envir- safety curriculum.
onment, not specific indi-
viduals”
Item 14: “| think small
changes can produce
important results”.
“I know how to disclose a Used to assess self- Online
medical error” efficacy before and
“I know how to use personal after a six-hour
protective equipment such patient
as gowns, gloves and safety curriculum.
masks”
“I know how to use
teach back”
No data available. Used to assess safety Online
knowledge before
and after a six-hour
patient
safety curriculum.
Statement 1: “I will speak up Used to assess the Online
about any safety concerns | intention to apply
have about my patients” safety practices fol-
Statement 2: “I plan to use lowing before and
the Teach Back method to after a six-hour
ensure that my patients patient
understood my safety curriculum.
instructions”.
Question 1: “define adverse Used to assess medical Online
event” error knowledge
Question 10: “define before and after a
malpractice” two-hour teaching
Question 12: “identify high- intervention.
risk specialities” Additionally, the
assessment was
used to assess
long-term outcomes
(up to 12 months)
Attitude item: “Competent Used to assess know- Online

ledge, skill and atti-
tudes before and
after a 10.5-hour
patient safety cur-
riculum.
Additionally, the
assessment was
used to assess
long-term outcomes
(12 months)

rating scale (Ginsburg et al. 2014) and a third study utilized
a patient safety checklist (Daud-Gallotti et al. 2011) (see
Table 3 for details of OSCE assessment methodologies).
OSCEs appeared better able to assess multiple non-tech-
nical skills compared to simulated clinical scenarios.

Three studies utilized questionnaires and written assess-
ment methodologies with a variety of assessment out-
comes and little overlap. These included a validated
Systems-Thinking Scale (STS) (Aboumatar et al. 2012), self-
efficacy Likert scales (Aboumatar et al. 2012), and multiple-
choice medical error assessments (Paxton and Rubinfeld
2010) (see Table 4 for details of questionnaires and written
assessments). All competency performances improved
immediately after assessment when compared to the pre-
intervention score across all three studies. Paxton and

Rubinfeld (2010) and Madigosky et al. (2006) performed
long-term post-intervention testing in addition to immedi-
ate pre- and post-intervention testing, with only Paxton
and Rubinfeld demonstrating a statistically significant
improvement in medical error competence after one year,
when compared to the control group. Madigosky et al.
(2006) reported that a number of competency scores
changed in an undesired direction one year after the
intervention.

Learning outcomes

The level of impact for assessments used in the majority of
included studies (six of nine), sat at level 2b of Kirkpatrick's
hierarchy, which correlates to the modification of
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knowledge and skills (Paxton and Rubinfeld 2010;
Aboumatar et al. 2012; Ginsburg et al. 2014; Jansson et al.
2015; Thomas et al. 2015; Farnan et al. 2016). A further two
studies impacted behavior (level 3) (Madigosky et al. 2006;
Muller et al. 2012), and one study impacted at the organ-
ization level, causing change in practice (level 4a) (Daud-
Gallotti et al. 2011). We could not complete a meta-analysis
as there was significant assessment methodology hetero-
geneity and a lack of presentation of appropriate data.

Validity and reliability

No study determined the validity of the assessment tools
used to assess non-technical skill performance, with the
exception of the STS questionnaire (Aboumatar et al. 2012).
As discussed previously, no quantitative analysis was per-
formed relating to validity and reliability as no data was
provided to allow this.

Discussion

This review identified a small number of studies that
describe methods of assessing non-technical skills. As con-
sensus on key elements that form non-technical skills has
only been achieved in the past few years (Gordon and
Gibbs 2014) and even more recently such key elements
adopted explicitly in any policy document on UME
(Creating the Medical School of the Future 2017), there
was pervasive heterogeneity in the skills described that lim-
its synthesis or even useful comparison. The review process
was further hampered as the studies universally focused on
reporting non-technical skills instruction as their primary
goal, and assessment was viewed as a symbiotic compo-
nent of this, allowing local programs to be verified or out-
comes in practice to be tracked. While included studies
were only those judged to present assessment with the
potential to form a continuing part of formative or summa-
tive assessment, the majority failed to provide the concep-
tual frameworks or theoretical models underpinning the
choice of assessment. Psychometrics were almost com-
pletely absent and there were limited attempts to describe
validity and reliability.

Assessment methods fell into three main categories:
simulated clinical scenarios, OSCEs and questionnaire or
written assessments. The methodological quality of the
studies was of a reasonably good standard from a research
perspective, but poor when considering the quality of
reporting and evaluating the assessments themselves
(Table 1). Despite many of the studies failing to evaluate
the performance of the assessment method, a number of
comparisons can be made across the different assessment
modalities. First, studies utilizing simulated clinical scen-
arios as an assessment method were more likely to use
validated and reliable assessment tools. For example, the
TEAM tool has a substantial body of normative data con-
firming its validity (Cooper and Cant 2014). However, it
only assesses a small component of the non-technical skill
spectrum, and thus would only be called upon as an
assessment measure of teamwork behaviors. The oper-
ational requirements to implement simulated clinical scen-
arios are significant and should be a major consideration
when developing non-technical skill curricula and

assessments, but similar to other areas of UME, assessment
tools must be fit for purpose.

Our review leads us to conclude that there is a limited
pool of non-technical skills assessment tools with an evi-
dence-base supporting their use. The implications of this
are that educators are increasingly dependent on develop-
ing their own assessment tools, with very little opportunity
for reliability and validity testing. A single study demon-
strated the reliability of assessing non-technical skill per-
formance through an OSCE, suggesting a single assessor
per station is sufficient, but generalization from this study
is difficult. Given the unifying need for outcomes in non-
technical skills to be met by learners (Flin and Patey 2009;
Creating the Medical School of the Future 2017), not hav-
ing similar evidence-based assessments is a major barrier
to the field moving forward. There is not sufficient evi-
dence to even suggest a specific model or conceptual
framework to underpin assessment methods as given this
lack of evidence, we would propose alignment with models
that guide teaching of non-technical skills may be a best
estimate (Gordon 2013).

In considering these findings, readers must also consider
some key limitations. First, while we aligned with a consen-
sus definition of non-technical skills (Gordon et al. 20153,
2015b), confusion persists around these terms and how
they are applied. The search went through several scoping
revisions and the kappa statistic demonstrates that within
the team a clear consensus understanding was reached.
However, the lack of consensus in the wider literature may
have led to the author team'’s definition not fully matching
the wider research or teaching body.

Second, many of the studies primarily sought to report
an intervention, with assessment devised to produce out-
come measures. The inclusion of such papers is innately of
lower quality from an assessment perspective. This is
because researchers wishing to demonstrate effectiveness
of teaching using a framework such as Kirkpatrick’'s hier-
archy are not required to consider key issues for those
designing formative and summative assessments for
ongoing use (such as reliability, validity, particularly in the
high stakes setting, cost and practicality, external scrutiny
from university bodies and regulators). While we feel these
are relevant when interpreted in that context, this does
limit the utility of the findings and those wishing to
employ them in a formal manner to formatively and sum-
matively assess some outcomes would require many more
aspects of the evidence to be presented to achieve this.
Finally, as the goal of such outcomes is to enhance safety
for patients, it is worth noting that all but one study failed
to investigate patient outcomes (Daud-Gallotti et al. 2011).
Subsequently, “validity” has essentially not been demon-
strated. “Validity” would refer to how the assessments
measure the non-technical skills in practice and their out-
comes for patients.

While it is disappointing that such limited evidence has
been identified, this review highlights that further work in
this area is vital. First, future work must ensure that assess-
ments align with truly ensuring outcomes that matter for
care. This will allow validity in all its forms to be estab-
lished, but this is challenging. Assessing the impact of edu-
cation on practice is elusive, requiring as it does, the
investigation of outcomes in clinical settings affected by



multiple variables. This challenge is relatively common in
health and medical education where the changes influenc-
ing patient outcomes may be cognitive and behavioral. It
is crucial that assessment is sufficiently agile and robust to
identify measurable elements which impact patients.

Current assessment modes traditionally favor models
assessed close to training source and existing knowledge
on more longitudinal and nuanced assessment of impact is
limited. However, the nature and background of non-tech-
nical skills training provides the setting and stimulus to
develop assessment modes which address these complex,
problematic areas.

Second, quality elements of assessment research must
be considered in detail, including clear mapping across
local, national and international outcomes and psychomet-
rics once used in practice. Educators may use the descrip-
tive synthesis included in this review to support their
current decision making, but assessments themselves must
be the focus of future work, rather than a secondary com-
ponent of research to implement non-technical skills edu-
cation. This is key to ensure assessment has utility for both
summative and formative assessment as part of
ongoing UME.

Finally, consideration of the postgraduate setting is
needed. This may be helpful first through a similar review
piece as our scoping found no such review and then pos-
sibly through related future research. In achieving this, the
issue of nomenclature is key. Using consensus terms for
key skills in a consistent manner aids replication and dis-
semination and is key moving forward.

Conclusions

Simulated clinical scenarios, OSCEs and questionnaires have
all been employed as methods to assess non-technical
skills in UME. A multitude of assessment tools are used
within these, including checklists, global rating scales and
multiple-choice assessments and it is worth noting that the
OSCE was most able to address multiple skill assessment.
As studies typically report non-technical skills instruction as
the primary goal, often the assessment methods described
are not grounded in conceptual frameworks and key theor-
etical models, with further lack of clarity related to the use
of variable language to describe specific skills. Educators
are currently still dependent on developing their own
assessment tools. This represents a major barrier to the
field going forward, as such, there is a major requirement
to develop and test evidence-based assessments of non-
technical skills. There is an urgent need for research that
focuses on developing non-technical skills assessments
mapped to learning outcomes and consensus descriptions
of specific skills. They must be evaluated in terms of valid-
ity and reliability, addressing psychometric properties, as
our review questions related to these areas cannot be
adequately answered at present. All such research must be
reported in a manner that supports dissemination to
advance the field.
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