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Abstract

Background Facilitator-led debriefings are well-established for debriefing groups of learners in immersive sim-
ulation-based education. However, there has been emerging interest in self-led debriefings whereby individuals
or groups of learners conduct a debriefing themselves, without the presence of a facilitator. How and why self-led
debriefings influence debriefing outcomes remains undetermined.

Research aim The aim of this study was to explore how and why in-person self-led debriefings influence debriefing
outcomes for groups of learners in immersive simulation-based education.

Methods An integrative review was conducted, searching seven electronic databases (PubMed, Cochrane, Embase,
ERIC, SCOPUS, CINAHL Plus, PsychINFO) for peer-reviewed empirical studies investigating in-person self-led debrief-
ings for groups of learners. Data were extracted, synthesised, and underwent reflexive thematic analysis.

Results Eighteen empirical studies identified through the search strategy were included in this review. There was sig-
nificant heterogeneity in respect to study designs, aims, contexts, debriefing formats, learner characteristics, and data
collection instruments. The synthesised findings of this review suggest that, across a range of debriefing outcome
measures, in-person self-led debriefings for groups of learners following immersive simulation-based education are
preferable to conducting no debriefing at all. In certain cultural and professional contexts, such as postgraduate
learners and those with previous debriefing experience, self-led debriefings can support effective learning and may
provide equivalent educational outcomes to facilitator-led debriefings or self-led and facilitator-led combination strat-
egies. Furthermore, there is some evidence to suggest that self-led and facilitator-led combination approaches may
optimise participant learning, with this approach warranting further research. Reflexive thematic analysis of the data
revealed four themes, promoting self-reflective practice, experience and background of learners, challenges of con-
ducting self-led debriefings and facilitation and leadership. Similar to facilitator-led debriefings, promoting self-
reflective practice within groups of learners is fundamental to how and why self-led debriefings influence debriefing
outcomes.

Conclusions In circumstances where simulation resources for facilitator-led debriefings are limited, self-led debrief-
ings can provide an alternative opportunity to safeguard effective learning. However, their true value within the scope
of immersive simulation-based education may lie as an adjunctive method alongside facilitator-led debriefings.
Further research is needed to explore how to best enable the process of reflective practice within self-led debriefings
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to understand how, and in which contexts, self-led debriefings are best employed and thus maximise their potential

use.

Keywords Debriefing, Self-led debriefing, Self-debriefing, Facilitator-led debriefing, Immersive simulation,

Simulation-based education

Background

As a medium for deliberate reflective practice, debriefing
is commonly cited as one of the most important aspects
for learning in immersive simulation-based education
(SBE) [1-3]. Defined as a ‘discussion between two or
more individuals in which aspects of performance are
explored and analysed’ ([4], p., 658), debriefing should
occur in a psychologically safe environment for learners
to reflect on actions, assimilate new information with
previously constructed knowledge, and develop strat-
egies for future improvement within their real-world
context [5, 6]. Debriefings are typically led by facilitators
who guide conversations to ensure content relevance and
achievement of intended learning outcomes (ILOs) [7].
The quality of debriefing is thought to be highly reliant
on the skills and expertise of the facilitator [8—11], with
some commentators arguing the skill of the facilitator as
the strongest independent predictor of successful learn-
ing [2]. Literature from non-healthcare industries tend to
support this notion, suggesting that facilitators enhance
reflexivity, concentration, and goal setting, whilst con-
tributing to the creation and maintenance of psychologi-
cal safety, leading to improved debriefing effectiveness
[12, 13]. However, this interpretation is not universally
held and has been increasingly challenged [14—18].

It is in this context that there has been an emergence
of self-led debriefings (SLDs) in SBE. There is currently
no consensus definition of SLDs within the literature,
with the term encompassing a variety of heterogenous
practices, thus causing a confusing narrative for com-
mentators to navigate as they report on debriefing
practices. We have therefore defined ‘self-led debrief-
ing’ as debriefings conducted by the learners them-
selves without the immediate presence of a trained
faculty member. Several reviews have investigated the
overall effectiveness of debriefings, with a select few
drawing comparisons between SLDs and facilitator-
led debriefings (FLDs) as part of their analysis [2—4,
7, 10, 17, 19-22]. The consensus from these reviews
is that there is limited evidence of superiority of one
approach over the other. However, only four of these
reviews conducted a critical analysis of the presence of
facilitators within debriefings [2, 19, 20, 22]. Moreover,
in one review [19], a narrow search strategy identified
only one study comparing SLDs with FLDs [14]. To our
knowledge, only one published review has explored

SLDs specifically, investigating whether the presence of
a facilitator in individual learner debriefings, in-person
or virtual, impacted on effectiveness [23]. Within these
parameters, the review concluded equivalent outcomes
for well-designed SLDs and FLDs, however did not
explore the influence of in-person SLDs on debriefing
outcomes for groups of learners in immersive SBE. The
value and place of SLDs within this context, either in
isolation or in comparison with FLDs, therefore war-
rants further investigation.

Within the context of immersive SBE, and in-person
group debriefings specifically, we challenge the con-
cept of ‘one objective reality; instead advocating for the
existence of multiple subjective realities constructed
by individuals or groups. The experiences of learners
influence both their individual and group perceptions
of reality and therefore different meanings may emerge
from the same nominal simulated learning event (SLE)
[24]. As such, this study has been undertaken through
the lens of both constructionism and constructiv-
ism, with key elements deriving from both paradigms.
Constructionism espouses the profound impact that
societal and cultural norms have on determining how
subjective experiences influence an individual’s for-
mation of meaning within the world, or context, that
they inhabit [25, 26]. Constructivism is a paradigm
whereby, from their subjective experiences, individu-
als socially construct concepts and schemas to cultivate
personal meanings and develop a deeper understanding
of the world [26, 27]. In the context of in-person group
debriefings, the creation of such meaning, and there-
fore learning, may be shaped and influenced by the
presence or absence of facilitators [24].

The discourse surrounding requirements for facili-
tators and their level of expertise in debriefings has
important implications due to the resources required
to support faculty development programmes [2, 8, 9,
28]. SLDs are a relatively new concept offering a poten-
tial alternative to well-established FLD practices. Evi-
dence exploring the role of in-person SLDs for groups
of learners in immersive SBE is emerging but is yet to
be appropriately synthesised. The aim of this integrative
review (IR) is to collate, synthesise and analyse the rel-
evant literature to address a gap in the evidence base,
thereby informing simulation-based educators of best
practices. The research question is: with comparison
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to facilitator-led debriefings, how and why do in-per-
son self-led debriefings influence debriefing outcomes
for groups of learners in immersive simulation-based
education?

Methods

The traditional perception of systematic reviews as the
gold-standard review type has been increasingly chal-
lenged, especially within health professions educational
research [29]. An IR systematically examines and inte-
grates findings from studies with diverse methodolo-
gies, including quantitative, qualitative, and theoretical
datasets, allowing for deep and comprehensive inter-
rogation of complex phenomena [30]. This approach is
particularly relevant in SBE, where researchers employ a
plethora of study designs from differing theoretical per-
spectives and paradigms. An IR is therefore best suited
to answer our research question and help satisfy the need
for new insights such that our understanding of SBE is
not restricted [31].

This IR has been conducted according to Whittemore
& Knafl’s framework [30] and involved the following five
steps: (1) problem identification; (2) literature search;
(3) data evaluation; (4) data analysis; and (5) presenta-
tion of findings. Whilst the key elements of this study’s
methods are presented here, a detailed account of the
review protocol has also been published [24]. The pro-
tocol highlights the rationale and justification of the

Table 1 PICOS framework [32, 33] used to construct research
qguestion

Population In-person immersive SBE debriefing partici-

pants
Self-led debriefings
With or without facilitator-led debriefings

Intervention / Interest
Comparison / context
Outcome Any outcomes

Study design Integrative: both quantitative and qualitative

studies included
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chosen methodology, explores the underpinning phil-
osophical paradigms, and critiques elements of the
framework used [24].

Problem identification

We modified the PICOS (population, intervention/inter-
est, comparison, outcome, study design) [32] frame-
work to help formulate the research question for this
study (Table 1), supplementing the ‘comparison’ arm
with ‘context’ as described by Dhollande et al. [33]. This
framework suited our study in which the research ques-
tion is situated within the context of well-established
FLD practices within SBE. Simultaneously, it recognises
that studies with alternative or no comparative arms can
also contribute valuable insights into how and why SLDs
influence debriefing outcomes.

Literature search

Search strategy

Using an extensive and broad strategy to optimise both
the sensitivity and precision of the search, we searched
seven electronic bibliographic databases (PubMed,
Cochrane, Embase, ERIC, SCOPUS, CINAHL Plus,
PsychINFO), up until and including October 2022. The
search terms are presented below in a logic grid (Table 2).
Using a comparator/context arm minimised the risk of
missing studies describing SLDs as what they are not—
i.e. ‘without a facilitator’ A full delineation of each search
strategy, including keywords and Boolean operators, for
each electronic database is available (Additional file 1).
Additionally, we conducted a manual search of reference
lists from relevant studies and SBE internet resources.
We enlisted the expertise of a librarian to ensure appro-
priate focus and rigour [34, 35].

Inclusion and exclusion criteria

Articles were included in this review if their content met
the following criteria: (1) in-person debriefings follow-
ing immersive simulated learning events; (2) debriefings

Table 2 Logic grid aligned with the PICOS elements of the review question, omitting outcome/study design categories [33-35]

PICOS Framework Category

Key search terms

Population / problem / setting

Intervention

Comparison / context
Outcome
Study design

Simulation training [MeSH], Simulation-based, Simulation-enhanced,
Simulation training, Simulation teaching, Simulation event, Immersion,
Simulation, Simul*, Debrief*, Conversation*®

Self-led, Peer-led, Group-led, Participant-led, Student-led, self-directed,
Student-directed, Self-guided, Self-facilitated, Peer-facilitated, Group-
facilitated, Student-facilitated, Self-debrief*, Peer-debrief*, Group-
debrief*, Self debrief*, Peer debrief*, Group debrief*, Within-team

Facilitator-led, Instructor-led, Faculty-led, Instructor debrief*, Facilitated
Not applicable
Not applicable
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including more than one learner; (3) healthcare pro-
fessionals or students as learners; (4) published peer-
reviewed empirical research; (5) reported in English.
Forms of grey literature, such as doctoral theses, con-
ference or poster abstracts, opinion or commentary
pieces, letters, websites, blogs, instruction manuals and
policy documents were excluded. Similarly, studies that
described clinical event, individual, non-immersive or
virtual debriefings were also excluded. Date of publica-
tion was not an exclusion criterion.

Study selection

Following removal of duplicates using bibliographical
software package EndNote" 20, we screened the titles
and abstracts of retrieved studies for eligibility. Full texts
of eligible studies were examined. Application of the
inclusion and exclusion criteria determined which of
these studies were appropriate for inclusion in this IR.
We used a modified version of the Preferred Reporting
Items for Systematic Review and Meta-Analysis Protocols
(PRISMA) reporting tool [36] to document this process.

Data evaluation

The process of assessing quality and risk of bias is com-
plex in IRs due to the diversity of study designs, with each
type of design generally necessitating differing criteria to
demonstrate quality. In the context of this complexity, we
used the Mixed Methods Appraisal Tool (MMAT) which
details distinct criteria tailored across five study designs:
qualitative, quantitative randomised-controlled trials
(RCTs), quantitative non-RCTs, quantitative descriptive
and mixed methods [37].

Data analysis

Data was analysed using a four-phase constant com-
parison method originally described for qualitative data
analysis [38, 39]. Data are compared item by item so that
similar data can be categorised and grouped together,
before further comparison between different groups
allows for an analytical synthesis of the varied data origi-
nating from diverse methodologies. These phases include
(1) data reduction; (2) data display; (3) data comparison;
and (4) conclusion drawing and verification [30, 38, 39].
Following data reduction and extraction, we performed
reflexive thematic analysis (RTA) according to Braun &
Clarke’s [40] framework to identify patterns, themes and
relationships that could help answer our research ques-
tion and form new perspectives and understandings of
this complex topic [41]. RTA is an approach underpinned
by qualitative paradigms, in which researchers have a
central and active role in the interpretative analysis of
patterns of data and their meanings, and thus subsequent
knowledge formation [40]. RTA is particularly suited to
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IRs exploring how and why complex phenomena might
exist and relate to one another, as it enables researchers
to analyse diverse datasets reflexively. It can therefore
facilitate the construction of unique insights and per-
spectives that may otherwise be missed through other
forms of data analysis. A comprehensive justification,
explanation and critique of this process can be found in
the accompanying IR protocol [24].

Results

Study selection and quality assessment

The search revealed a total of 1301 publications, of which
357 were duplicates. After screening titles and abstracts,
69 studies were identified for full-text screening. From
this, a total of 18 studies were included for data extrac-
tion and synthesis (Fig. 1). Reasons for study exclusion
are listed in Additional file 2.

All 18 studies were appraised using the MMAT
(Table 3). Five questions, adjusted for differing study
designs, were asked of each study, and assessed as ‘yes,
‘no’ or ‘can'’t tell! The methodological qualities and risk
of bias within individual studies impacted the analysis of
their data and the subsequent weighting and contribu-
tion to the results of this review. The quality assessment
process therefore influences the interpretations that can
be drawn from such a collective dataset. Whilst the stud-
ies demonstrated varying quality, scoring between 40 and
100% of ‘yes’ answers across the five questions, no stud-
ies were excluded from the review based on the quality
assessment. There were wide discrepancies in the quality
of different components of the mixed methods studies.
For example, Boet et al. [15] scored 0% for the qualitative
component and 100% for the quantitative component of
their mixed methods study. The quantitative results were
therefore weighted more significantly than the qualitative
component in the data analysis and its incorporation into
the results of this review. Meanwhile, Boet et als [16]
qualitative study scored 100%, thus strengthening the
influence and contribution of the results from that study
within this IR.

Study characteristics

Key characteristics of articles, including the study aim
and design, sample characteristics, descriptions of SLE
and SLD formats, data collection instruments, and key
reported study findings, are summarised in Table 4.
The search elicited one qualitative study, eight quantita-
tive RCTs, six quantitative non-RCTs, one quantitative
descriptive study and two mixed methods studies. All
18 studies originated from socio-economically devel-
oped countries with six studies originating from South
Korea [44-46, 51-53], five from the USA [42, 43, 48, 54,
55], and the remainder from Canada [15, 16], Australia
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Identification of studies via databases

] [ Identification of studies via other methods ]

Records identified from Records
c databases (n = 1301): Records removed before identified from:
o - PubMed (n = 381) screening: - Websites
; - CENTRAL (n =93) - Duplicate records (n=1)
£ - Embase (n = 251) removed (n = 357) - Reference
= - ERIC (n=34) - Records removed & citation
S | |- SCOPUS (n=358) for alternative lists
- CINAHL Plus (n = 169) reasons (n = 0) searches
- PsycINFO (n = 15) (n=9)
PR ¢ Full-text records not
Records excluded after r(]actr_leved after review
Records screened (n = 944) analysis of title and/or ° él)t.les & abstracts (n
abstract (n = 875) - " Unpublished
Full-text doctoral theses /
Full-text records not records sought dissertations (n
retrieved (n = 7): for retrieval (n = —> =1)
Full-text records sought for - Unpublished 7) - Non-healthcare
retrieval (n = 69) doctoral theses / professionals (n
dissertations (n = 2) =2)
- Conference abstract
(n=5)
2 Full-text records
< excluded (n = 46):
o - Non-immersive
A SLEs (n = 4)
- Individual learners
4 (n=10) Full-text records
Full-text records assessed i \S/;Ltgle‘;sslhis(t? =2) Full-text reports excluded (n=5):
il - gating - Non-immersive
for eligibility (n = 62) FILDs only or in as‘s.es‘s.ed for > SLEs (n = 1)
comparison with no eligibility (n = 7) - Individual
debriefing (n = 14) learners (n = 2)
- Clinical event - Virtual SLEs (n =
debriefings (n = 1) 2)
- Non-English
language (n = 2)
- Non-empirical study
(n=1)
__J - Multiple exclusion
) criteria (n = 12)
H
° Studies included in review
2| [ ;=18
c

Fig. 1 Modified PRISMA flow diagram detailing summary report of search strategy [36]

[56, 57], Spain [49, 50], and Switzerland [47]. Two stud-
ies were multi-site [51, 52]. The immersive SLE activities
were of varying formats, designs, and durations. Sixteen
studies described team-based scenarios [15, 16, 42, 44—
52, 54—57] whilst two used individual scenarios [43, 53],
with learners then debriefing in groups of more than one
learner. Four studies incorporated simulated participants

in the scenarios [42, 43, 45, 46]. All studies obtained ethi-
cal approval and were published after 2013.

Learner characteristics

In total, the 18 studies recruited 2459 learners. Of these,
the majority were undergraduate students of varying pro-
fessional backgrounds: 1814 nursing, 210 medical, 158



Page 6 of 23

(2024) 9:5

Kumar and Somerville Advances in Simulation

SOA
SOA
SOA
SOA
SOA
SOA

épapuayut
se (pa14n3d0 ainsodxa 40)

paJalsiujwpe UOIUIAIDIUI Y}

si ‘pouad Apnas ayy buring
SOA
SOA
SOA
SOA
SOA
SOA
SOA

SOA
SOA

fuonuaAIRul paubisse ayy

o) asaype syuedpinied syl pig

SOA
SOA

ON
¢uoneyaid

-19)ul pue ‘sisf[eue ‘uo11d3||0d

's334n0s ejep aAneyjenb
U33M13( 9OUIAY0D AIBY3 S|

fI91 10>
fI211,ue>
[[213,ueD
fI211,ue>
fI91 1,08
91 1,ue>

isisAjeue pue
ubisap ay3 ul 10§ pajunodde
SI9PUNOJUOD BY) Y

ON
ON
SOA
[[91,ued
ON
ON
ON

SOA
ON

ipapinoad

uonUdAIS}UI BY3 03 papullq
$10SS9SSe W011N0 Ay

SOA
SOA

ON

ieiep Aq paje
-iuelsgns A;3uadYNs s3Nsas
Jo uonejaidiaiul ay) s|

ON
SOA
SOA
SOA
SOA
SOA

ieyep
awodlno wuw_QEOU 2J9y] a1y

SOA
SOA
SOA
SOA
SOA
SOA
SOA

SOA
SOA

exep
2wo023Nn0 3313]dwod 343y} 3y

fI233,ue>
SOA

f[93 38D

ieep Y3l woJj panLap
Aj21enbape sbuipuy sy a1y

SOA
ON
SOA
SOA
SOA
SOA

{(94nsodxa 10)
UOIJU3AIIIUI pUE BWOINO
a3y} yyoq buipiebas ayend
-oidde syuswainseaw a1y

SOA
SOA
OoN
fI33 3,ued
SOA
fI31 ,ued
SOA

SIA

lI21 1,ue

iaulpaseq e
9|qesedwod sdnoib ayy ary

ON
SOA

ON

{uonsanb

ydJeasal 33 ssaippe 0}
9lenbape spoyiaw uonds|
-|0> ejep aAneyjenb ayl aiy

SOA
SOA
SOA
SOA
SOA
SOA

i9end
-oadde uone|ndod 1ab4ey ay3
Jo saAneuasaidal ayy ary

ON
ON
ON
[|91,ued
[[21,ued
[[21,ued
ON

SOA
fI91,ued

ipaunoyiad Kjaze
-1idosdde uoneziwopuei sj

SOA
SOA

ON

¢uonsanb ydieasau
Yy} samsue o) dendoisdde
yoeoidde annerrenb ayy s|

[96] (£107) "[e 32 122min|.
(551 (0207) '[e 10 43q121ydS
[¥S]1 (1207) e 12 ableg
[€6] (120T) Yoy B BN

(¢S] (0207) ‘|p 12 997

(1G] (8102) NA™3 Buey|

S1DYy-uou w>_um“_._ucm30

[0S (1202) "[e 32 eUIP3A-EPaNY
[6v] (0202) '[2 32 eUIP3A-EPaNY
[8v] (9107) |2 32 eMEYIO

[£¥] (020T) |8 33 Bipuny

[97] (8107) 9bueD 3Q 73 Wiy
[St] (8L07) Wi eH

[v¥] (0202) eH

Jusuodwod
104 - [S1](€107) e 121909

[ev] (6107) ‘[e 32 smaipuy

S1DY @AneIIUEND
Jusuodwod

aAReyfenb ~ [z4] (9102) $2IND
[91]1(9107) e 1231909

1uauodwod Al
-eyjenb — [S1] (£107) e 38 1809

salpnis aAney|end

G uonsanp

 uonsand

€ uonsanp

zuonsanp

L uonsand

ubisap Apnis

[£€] sa1pnis |edlidwia papn|aul JO UOIeN|BAS BIEP YN € dlqeL



Page 7 of 23

(2024) 9:5

Kumar and Somerville Advances in Simulation

(ON

— 9AlRU_ND // SSA— L DY) ON
(ON

— 9AlRU_ND // SSA— L DY) ON
{PAAJOAUL SPOYISW By} JO UOI}
-IpeJy yoea jo euaiud Ayjenb
2y} 03 a1aype £pnis ay} jo
sjusuodwiod Juaiaylp ay3 og

SOA
ON
fuonsanb yoieasas

ay3 samsue o} aeudoisdde
sisAjeue [ea11siels ay3 s|

SOA

SOA

ipassaippe A|a3enbape
s)|nsaJ aAneljenb pue aAn
-eyuenb uaamiaq sapusisis
-uoduj pue 3>udbIBAIp Iy

SO\
(K]

imoj seiq
asuodsaiuou Jo Xsu aYy |

SOA

ON

ipa124disyul K|91enbape
sjuauodwod aAne3uenb
pue aAneljenb jo uoneib
-9jul 9y} jo sindino ay) a1y

SOA
ON

i9endosdde
SjUBWINSEIW 3Y] Y

SOA

ON

iuonsanb yoieasal

9y} Jamsue 0} pajesbajul
A|9A1103y9 Apnis ay) Jo syusu
-odwod JuaIaYIP 3Y3 dIY

SOA
SOA

¢uonejndod 196.e1 ay) jo
aAnejuasaidal ajdwes ayy s|

SOA

ON

;uonsanb youeasal ay)
ssaippe 0} ubisap spoylaw
paxiw e buisn 10} sjeuolel
a1enbape ue atayy s|

SOA
SOA

fuonsanb ydieasas
9y} ssaJppe 0} JueAd|al
AbBajrens buidwes ayy s|

[¢¥] (9100) 1IN0

[S1]1(€107) e 191909

S3IpN1s spoyiaw paxiy
jusuodwod

anieyuenb —[z4] (9102) 32IND
[£51(9100) ‘e 10 S1ND

saIpnis
aAnduDSap aaneIueNn)

G uonsand

t uonsanp

€ uonsand

Z uonsanp

L uonsand

ubisap Apnis

(penunuod) € ajqeL



Page 8 of 23

5

(2024) 9.

Kumar and Somerville Advances in Simulation

'sdnoub 7 ay1 usamiaq (60€ 0=d) bul
~JoUGaP 10 (58K°0=d) 195 Lim uondey
-S1BS U] S9DURIaYIP JUedyIubIS ON (€)
'sdnoub 7 9yl usamiag Jayio

AUe U] $95UI3YIP JURDYIUBIS OU a1oMm
219Y] "(/¥0'0=d) dnoib g1S usnm
'sh dnoib g1s paaIasgo ayy ul Jaybly
Ajpuedyiubis sem UOIIEDIUNWWOD) (7)
1593124d "sA 3sa1350d Jaybiy Apued
-ylubis auom sdnoib y1oq ul 210
Adoua19dwod asuewiopad [esuld (1)

sS4 'sA s@1S 4oy sbunes s|ge
-INOARJ 3JOW U| 3NS31 JOU PIP YDeq
-pasy-1aad Joj buluten Buipirold (€)
"aduewWIOpd

3DS0O 10 Jeak ssep 1apuab ‘obe Aq
J24Ip 10U PIp SN[eA PAAIRDIR (7)
‘poy1aW 2y} Jo

ssa|plebas anjeA Buipuy siaules| yum
‘Alybiy paiel a1om sgi4 pue

S71S Y10G 19ASMOH 'SUOISUSWIP
1S0W U0 575 Ueyl (50°0>d) Jaybiy
Apuesyiubis sq4 paied sisulea (1)

s@1d veyy

PRJIN12NIIS SS9| 249M PUE J9AO Buly|eL
2I0U PRy SIS IS|IYM ‘UOIIBSISAUOD
Pa122.1p PeY PUB 2IN1DNI1S 951D

-a1d alow e pamol|o} s (€)
‘Buysugep

11941 9pING 01 WO SYOO Y1 uo
A|ineay palfal siauiea| d1s (2)
“9duewoped YD JO

JURWISSasse Bulpn|pul ‘@duewliopad
(€) pue ‘(Aujspy Buipnoul) [spow
uoIe|INWIS 31 JO adUsladxa (7) ‘J|asi
Buysugap sy (1) 21om U0l
J191US 01 SISUIRS| PaMO]|e 1eyl $DIdo)
pajeanal sawiay) Jusbiawe € (1)

(985 1y uI0d-G BIA SWS)

0l) g241euuonsanb buyaugep yum
UOI1D8JSI1eS JaUIea| 15911504 (€)
‘(31e2s

14917 1U10d-G BIA SUIRWIOP § SS0I0P
SWIL 07) (Jleuuonsanb 1gs yum
UoNDR)SIeS Jaules| 15311504 (7)
‘(surewop

9 SS0JO SWIAY G1) HISIP3YD
1san50d pue -aid aduewIopad
JauJes) Jo sbupes JaAIesqO (1)

‘uoe

o|dwes) [3D501Y] 9ouewloyad
Jaules| Jo sbunel JaA1sqo (2)
“(dnoub

@75 40} papn|dUl SWSY [BUOHIPPE
2) (3]©2S 14917 1UI0d- RIA SWSY /)
LS9J1eUUoNSaNDb sisulea| 1591150 (1)

‘sawiay1 1usb

-IaWa Anuspi 01 ssex0id AIdNpPU
‘9IRS ‘PASEQ-SNSUISUOD B pasn
SIOUINY }IOMBWIRL ISIADNAISUOD
|eos e buisn payaidisiul pue
pOY1aW Uos|edWOod JUrISUOD B
Buisn AjaAneijenb pasAjeue aiom
1R "PaGLIDSURL) PUR PaPIOD3I
-olpne a1am sd14 pue sdis |Iv

‘g4 e bupjenapun o1

Joud saieuuonsanb bunajduwod aiogaq
‘0lIBUSDS 941 pateadal sIauiea) 'sqs 1504
“(dnoib 12410 341 JO 1eY1 01 OLIRUSDS JIBYL

2ledwod 0} 075 Ulw-g| 03 Joud ‘olieusds e
oxelspun dnoib Jayioue BuiydIeM Ul
01) 1S PaAISSqO Jo (21n1n11s @ Buisn)

@1S USNLM UIW-0Z J9Y1IS PaOUSULIUIOD

SI9UJBD| ‘OLIBURDS UIBS) UIW-0| BuImO|o4

Jaugap apinb 0}
sdnolb y10q Ul s1auIea| 03 USAID 2JaMm

suonsanb uonoayal 6 ‘(pauresiun sdnoib
J3Y30 |[B) UOISSIS UIW-09 B BIA 3DBqPad)

SAIIINIISUOD 3PIA0Id O} pauleI) 2UoMm

s1aulea| 1S ¢ ojdwies ‘oleusads ayi Jo sbuj
10221 03pIA paydIem sdnoib yiog (Ui
06 01 dn) JauIea| JI2YI0 | YuM 1S JO (Ul
0t 03dn) @74 [-UO-| Jaylie a3euapun 0}
pa31ed0]|e A|LOpURI PUB ‘I9)B| SY99M 8/ pUR
| | U99M1aq yoeq 1ybnoig Uayl sisules
‘Q74 dnoib ulw-G | AG Pamoj|o S oy
3DBQPa3) UIW-G PAAISIRI SIBUIRS| dS YIMm

011eUDS [ENPIAIPUI UIW-0Z BUIMO||04

‘panoidull 9 pjNod 1 MOY U pue
2ouewopad YD 413U} U0 153124, 0}

payse Bulaq s1auIe3| YIIM ‘SYHO 3yl Uo

paseq wiioy e pasn sg1s ‘sbuyangap

Ile ut 3|qejiere yoeqgAed 0apIA T4 Aq
PBMO||04 ‘'OLIBUSDS |NHD UIW-0| PUODSS ©

yoouapun uayy sdnoib yiog ‘g4 Jo

7S Ulw-07 19Ylle PadusaWIUIOoD siaules|

‘011BUSDS Wed) AYD UlW-0| Buimojjo4

9€=U Q1S PaAIesqO
€E=U Q7S USHUM

(69=U)

SIUSPNIS BUISINU Jeak-pig

/1=u:a14
£r=U"a1S

(09=U) 7 3|dwies
lz=u:a14

Sy=u-Q1S

(99=U) | a|dwies

(97 1=U) syuapnis
|BIUSP JeIA-Yy pue pIE

swealrgl g4

sweal /| :q1S

(801=U 210) (9€=U) 35INU
211e3Y1 | pue (9g=U) 9sulei
|e21b4ns | {(9g=U) JuapIsal
elsayisaeue | Jo buisudwod
sulea) [euolssajoldiaiul

‘ubisap 1sa1150d-15912.4d dnoib
|01IUOD JUS[eAINDB-UOU Wiie-7
'sdnoib omi ay1 usamiaq
UOI1DRJSNES JO S[oAR| d1edwod pue
79D Yum uonenwis buisn usym
SQ7S PAAISSCO SNSISA USILIM JO
S103)J 941 USSP O]

‘1 DY 2Andadsoud wile-z

7S U U SN U1 'UO>Deqpa”)
19ad 10 A)ndey HBuIARDAI UO pue jo
sbuIpi0da1 09pIA BuIMSIASI JO aNjen
paAi@sad s1uapnis aiojdxa o

s1OY dAnemuen)

‘yoeoidde Apnis-ased A1oiesojdx3y
‘315 e Buimoj|o) sg14 pue sgs ul
SIaules| [euolssajoldianul 1sbuowe
UoI23YJa4 31e11|1D8) 18y sdidol ayL
SUIWIRIIP puUe uoIssnIsIp Bul
-J21gap JO 1UIUOD 3Y) JO

sisAjeue aAlesIeU e dpiaocid o)

sa1pn3s aAneyend

[ir¥] [e210
41nos ‘op-yngbuosydbunyd]
(0z02) eH

[ev] [vSN "eluioyijed]
(6107) e 19 smaipuy

[91] [epeueD ‘O1u0I0] ]
(9107) '[e 1231909

sbuipuy Apnas pariodas Aoy

Ssa2inseaw awod1no
pue sjusawiniisul uoi}da|jod ejeq

Ananse @1s pue 315 Jo uopdudsaq

sonsu)deIRYD
a)jdwes pue juedpiieq

ubissp
yaieasal pue wie Apnys pajels

uonedo| pue “eak ‘sioyiny

SIPNIS PPN|DUL JO SIIISLIDIDRIEYD PUR MIIAISAQ ¥ 3]qeL



Page 9 of 23

5

(2024) 9.

Kumar and Somerville Advances in Simulation

(S0'0=d) $1025 /dS Ul 92U43}

-JIp JuedYIUBIS OU SeM 24343 SeaIaYM
(1000=0) (£'€1) dnoib @714 dY3 ueyy
(§'1) dnoib 715 ay3 1oy Jayb1y
Ajuedylublis a1om $91035 dJ (7)
'sdnoub y1og Ul 21005

159121d 01 pasedwod Ajpuedyiubis
panoidwl (1°0=d) vdS pue (¢ 1'0=d)
Vd1 Y10 10§ $21025 1591350 (1)

‘(z1€°0=d ‘syuiod abejuadiad 6
SNUIW) UOIIe||LIqYap Joj duewload
pasnpal Apuedyiubis-uou e palens
-uowsap dnoib 1S Y} 419ASMOH
(1000 >d 'syujod sbeiusdiad 0°G 1)
UoNE|IIUAA puUe suoIssaldwod

159U U99M13q UOI1BUIPIO0D pue
(1000 >d ‘aseasnul ujod abeuadiad
| 7°9) aWl} Uo-spuey Jo abeiuadiad ul
01JeUDS UOIIRIDSNSDI PUOISS 3Y} Ul
uleb asuewopad Jaybiy pamoys
dnoib @75 ay3 ul sisuies| ‘dnoib
Buyanigep ou ay) 01 pasedwo) (1)
'sdnoib 7 ay1 usamiag

(Ski"0=d) abpajmowy 10 (9890=0)
9OUIPYUOD-J[3S Ul S9OUIDHIP JUBD
-YIubIs Ajjes1isiiels ou alam a1y (€)
sdns

'SA SQ74 Ul J1aybiy Ajjeonsiels sem
(1000 >d) Buyanigap Jo Aujeno (€)
SIS sAsa14 Ul

13yB1y Ajednsiiels sem (1000 >d)
212 aAneladoaid 10oj s|1vjs Bulsiny (7)
‘sdnoib ayy Jo Jayie Ul 1sansod o)
159191d W01} 2DUSPYUOD-J[3S IO 24eD
aAie1adoald Jo abpajmouy Ul sadud
-J2JJ1p JuedYIUbIS OU 219Mm a1y (1)

'sdnoub 7 ay1 usamiaq (€21 0=d)
Buyalgap pue (00z:0=d) uone|nuis
SPOWI[NW YIIM SDI0DS UOIIDeJSIIeS
Jaules| Ul 92uaIaylp 1uedyIubis oN (€)
(0L00=d

'S8/ 'SA 1g'8L) dnoib Q7S usiim
'sn dnoib g4 [eJo ay3 urJayby
A||PONSIIeIS SBAM S||1S BuISINU SAIIRID
-doald Jo 95uapYU0I-4|3s Y (7)
(0¥6'0=0) sdnoib y1oq ul

159150d 01 -a1d 531025 96pajMOUY Ul
9OUIRYIP JUedYIUBIS ON (1)

TqvdS] usw
-$S95SE Jaules| 1s911s0d pue -ald (7)
Tqvd1] usw
-5S955€ JaUled| 1sansod pue -aid (1)

‘9duewIopad

Uone||LIgYap PUB ‘UOIIRIUSA PUR
SUOISSaIAWO 153D UDaMIC
UONBUIPIO0) ‘W) UO-Spuey
obeiuaIad Jo sdueWIOd
12UJR3] JO JUBWISSSSE JaAIDSAO (1)

‘IAS-HSYal Aujenb Buyangap jo
JUSISSISSE JaU.ea| 1591150 (1)
“(9]e2s 127 U10d-0 | BIA SWS)
0l) g241euuonsanb aduspyuod

-J|9s Jaulea] 1sa11s0d pue -ald (€)

“(Swa1 1) LISIYI2yD

15ems0d pue -aid ed>uewoped
Jsuies)| Jo sbunel Janiasqo (7)
LIUBWISSISSR 9DPIMOUD|

Ua1M JauIea)| 159150d pue -aid (1)

‘5301 buyaugap yum

UOI1DRJSIeS U2ulea| 15911504 ()
(€102 "[e 12 00AY) (9]eds LI
1u10d-G BIA SWI3I £7) 2Jleuuonsanb
uoe|NWIS apown N Yim
UOI12BJS11eS UaUIes| 15911504 (€)
‘(91e2s 1M1 Ul0d-G BIA

SUIBWOP 1) yaJleuuonsanb
92USPYUOD-J|9S J2Ule3| 15911504 (7)
L IURUISSISSe 9BPIIMOUY

UaILM Jauies| 1s9msod pue -aid (1)

‘uolssnasip dnoib ul

Buibebus o3 Joud 1siy2ayd dydads
-0OLPURDS e 919|dwod Apuspusdspul 01
pa12n.3sul 24om dnoib d1S Sy UoISNPUOd
95102 P3|-I012NJISUl UE PIPUSNIE SISUIRI)|
|2 ‘sBuyaIgap puU SOLIPUDS ¥ ||B WO UO
BuIMO||04 "saWI) € 324D ay3 pateadal
siaulea| ‘sbuyanigep 1504 'sq14 10 (Papinb
-ISIPRY2) SOS UIW-G | J9YAIS PadUSWIWIOD
SI9UIe3)| ‘OLIUDS WIeS) UIW-§ BuIMmOol|o4

“OLIPUSDS /D)

PUOD3S B PIDUSWIIOD SIBUIR| ‘SaINUIW €
191y “(sse1 uonelaidianul Aes-x paudioad
dnoib siyy) buysugap ou ulw-¢ 10 (103}31
01 MOY UO SUOIDNIISUL UM Buisn)

7S UIW-€ J9Y1IS PADUSUILLIOD SIaUIe3)|
‘OlIPUSDS Wea) YD) UlW-¢ Buimoyjo4

{2eQPa9) 92UPWIOLSd 10§ JO SUOI

-sanb $1010N3SUl 3Se U1 pjnod siaules)
@1s salleuuonsanb bunsjdwod a104aq
01IPUSDS 9Y) pareadal sisules| 'sbuyaugep
1504 ‘@14 10 (Jlomawel) SYo) Usllm e
BuIsn) 1S J2Yila PROUSWIUIOD SIaUled)|

dS YUM OLIBUDDS WIBS) UIW-07 BUIMO||04

(@14 [eso ue

palayo a19m sdnoib g1s utod ydiym 1e)
1918 $YoaM 7 1591 9bpajmous 1eadal e pue
saileuuonsanb paia|dwod sisuies) ‘sbuj
~J31199P 1504 “(|1eIsp Ul PaqLdsIp 10U)

@74 [€J40 10 (J21IGSP 24NIDNIIS 01 ISIHIIYD
BuIsn) 1S US1ILIM UIU-0Z J2YlIS padusW
-WOD SIaUIR3| ¢S pue uBjluew & yum
OlIBUDS WBS) UIW-0Z BuImo||o4

Le=u:ad
0e=u-a1s
(£S=U) sanje>ads bulkien Jo
S10100p | Jeak a1enpelbisod

/8=U “mc_u_m.:DmU ON
18=u:Q1S

(L£1=u)

SIUSPNIS [eDIPaW JRSA-Ulpy

9c=u-a14

Le=u-dis

(£G=U) 951n0D 21D

wool bunesado ul pajjou
S1USpNIS Bulsinu Jeak-pig

?9=u'aHd

9=u:qa1s

(rzi=u)

SIUSPNIS BulsINu Jeak-pig

"ApN1s uonUSAISIUI 10YOD
‘pa||01u0d ‘9Andadsold wie-z
s@i1440

S5 UM Palinid0 39S Uaym
1UBI3YIP I9M S3I0DS \id | PUe \/dS
P3SSaSS-J2UIRI| JI SUILLIRISP O]

10y wie-¢

“uone||uaysp pue

UOIIE|1}USA pue SuoissaIduiod
15942 U99MIC UOIeUIPIOOD ‘DWI}
Uo-spuey :doueuLIopad Uoieud
-SNS1 UO TS 4O S1D32 83 1531 O

‘ubisap 1sa1350d-15912.4d dnoib
|03U0 JUS[PAINDS-UOU We-7
dsue

puisn 375 aJed aanesadoaid e buj
-MOJ|04 BuyaLigap Jo Auijenb pue
'9DUSPYUODI-J[3S ‘S||1XS ‘DBpajmouy
S1uapnis bulsinu uo sg14 pue
S5 JO SSRUDAIIRYS Y1 210|dxd O]

‘| DY dAleIUEND B Se Y| SIY) Ul
PIPN|DUI US3q 2102491 Sey )| 'SId
-UJes| Joj uonedo||e wopuel buisn

1jodai sJoyine JaASMOH ‘[eIuswl
-1adxa-1senb wie-z e se palioday,
'S4 YiIm

pasedwod sg1s Buisn uonejnuwiis
apown|nw pue Buysugap Yum uon
-DBJSIIeS puUe s||1s buisinu sAnessdo
-a1d Ul 92Uspyuod pue abpajMmouy
S1UapNIs BulsINU 21eNnjeA o]

[87] [VSN “L1emeH]
(9107) e 19 EMRYIO

[£¥] [PueaZIMS ‘|aseg R uiag]
(020?) e 12 Bipuny

[97] [e210} YINOS 'INOSS]
(810¢) 9buen g 19 wiry

[S7] [ea10y
y1nos ‘op-yngbuosydbunyd]
(8107) Wi g eH

sbuipuy Apnis pariodai Aoy

S24NSeaw swodIno
pue sjusWINJISUI UOID3||0d eleq

Ananoe gis pue 315 jo uondudsag

sonsuadeIRYd
a)dwes pue juediyieq

ubisap
Yoieasal pue wie Apnys pajels

uoped0| pue “eak ‘sioyiny

(PanuNUOd) ¥ 3jqey



Page 10 of 23

5

(2024) 9.

Kumar and Somerville Advances in Simulation

‘Auesyubis-uou 1ng ‘suoissas

@75 4O Jaguinu aY3 Yum asea.dul 0}
PaPUD] SSUDAIIDIYD U3} pue
$9J0DS JUBWISSSSe Buyaligap
‘210WI2YLIN4 *(L00'0>d) uonoeysiies
Buyaugap pue (100'0>d) Ajiqe
Buinjos-wa|qoid uy syuswsroidwl
uedyubls pey sgis Jo Jaquunu
J2ybiy e ur bunedidnied sdnoio (7)
‘dnoib

714 33 01 paredwiod (690°0=d)
SSOUDAIIDRYD Wl IO (£60°0=d)
JUBWISSasse Buyaligap ul 10U Ing
‘(20"0=0d) uondejsies buysugap pue
(L0°0>d) ss@20.d BUIA|OS-WI3)

-qoud ay3 ur Juswiaroidwl JuedyIubIis
pamoys dnoib @14 + a5 dYL (1)

(€10=0) (£€'8) dnoib 0714 ays pue
(0t78) dnoib 1S ay1 ueyy Jaybiy
Ajpuedylubis sem (sz'6) dnoib

14 + 1S 243 Ul 21035 SYA ()

(6£0°0=0) (£L0'9¢ 1) dnoib 14 ay3 pue

(L£0v1) dnoib 075 oy ueyy Jaybiy
Ajpueoyiubis sem (09'9¢1) dnoib

14 + 1S 8y1 Ul 31035 SS3D (€)
(80°0=d) dnoib 075 Y1 yum
pasedwod Jaybiy Ajpuedyiubis sem
14 8y Ul 21035 AS-HSYA (0)
(€0'0=d) dnoib @14 yum pased
-wod Jaybiy Apuesyiubis sem dnoib
14 + 1S 24 Ul 21035 AS-HSYA (1)
'sdnoib ayy usamiaq

S1VD 10 |Sd '53Q 10} sedusiyIp
1UBDYIUBIS OU 21aM 24341 11O (€)
'sdnoib ay1 usamiaq

ISd 10 S3Q 10} S9DURIIYIP JUedYIU
-Bis ou alem 213y (6000 >d) (9€'01)
dnoib Ajuo @14 40 (€8°01) dnoib Ajuo
d1s eyiisyale ueyy (05 1) 91035
S1vD Jaybiy Apueoyiubis e pey dnoib
a4 +@1s 9y Adesaypolshyd ()
‘sdnoub ay1 useamiaq Sd 10 S3J 104
S9DUSIRHIP 1UDYIUDIS OU 2I9M 2Iay ]
(1000 >d) (L£€1) dnoib @14 10
(L6°€1) TS Y1 IayL UL (€9°G 1)
21025 S 1D Jaybiy Apuedyiubis e pey
dnoib 14 + g1s aya :buisiny (1)

[SwAW-01] Buyaigap yum
UONDRYSIES J2UIES| 15911504 (h)
‘[AS-HSv] Aujenb Buysigap Jo
JUDWISSISSE Jaulea)| 1591350 (€)
(500C

‘Buey| 9 W) (9(eds 1Y aulod-/
BIA) [00) SSOUSAIDYS Wea] JO JUsw
-55955e Jaulea| 1591350d pue -ald (7)
TvIdSd] senijige

BuIA|0s-Wa|goid JO JUBWISSISSE
-J|9s Jaules| 1sansod pue -aid (1)

[SYA Wd-01] Buyaugap yum
UOI1DRJSILS U2UIea| 15911504 (€)
[553D] BuyaHgap yum
UOI1DRJSIES U2ulea| 15911504 (7)
‘IAS-HSval Aujenb Buyangap jo
JUSWISSaSSe JauJes| 1Sa1s0d :v

[S1VD] SSRUSAIIDRYD WIea) JO
JUSWISSISSE JDUIRD| 1S9NSO (€)
"[1Sd] sa1jige buiajos-wa|go.d jo
JUSUISSISSE-J|9S U2Ule3| 15911504 (7)
‘dnoib g1s 1o}

,suonsanb pajel|ioey, 91e1s 01 pay
-IpOW 9JaM 3[eds Y} Jo s1dadse
J01€11|1284 *[S3Q] BUYLLIgep Yam
95USLI9dX3 JaUIeS)| 15911504 (1)

‘g4 dnoib abiej e

papuane siaules| ||e 'sbuyaligep pue
SOLIPURDS G |2 JO uona|dwiod buimoljo4 (|
pey AJuo SI9YI0 IS|IYM ‘SGTS § 3ooLapun
sdnoif awos) soLeuIIS aY1 }0ooLIpUN
sdnoib ay1 yaiym ul 9duanbas syl uo
Buipuadap palieA a10§219y1 paudiopad
5715 4o Jlaquinu ay] 'sdnoib Jayio

WwoJj Uo Buimo||oy 9ousnbas ul sawll {7
9242 Y1 pa1eadal sisules| ‘sbuysugap
1504 'S4 10 (2eqAR|d O9PIA pUE YoM
-9WeJ) SO UO paseq aileuuonsanb e
BuISN) S5 UIW-0E JaY)a PadUaWIUIOD
SI9U.e3]| ‘OLIBUDDS WIeS) UlW-0Z Buimo||o4

‘g4 e buipuane uayy dnoib @15 yum
‘salleuuonsanb palajdwod siauled) ‘sbul
-J21IGapP 1504 sdnoib |je ul pasn yoegAeld

03PIA 'S4 Y1 Ul PIsN YIOMBWIRL SO
9pINB UoISSNISIP e se aijeuuonsanb ayy

BuISN (p3|-101e11|128} JO P3|-J3S JaY1Ia)
suolssnosip dnoib bupuswiwod oy Joud

(JomaWwel) SiyD UO Paseq) alleuuoiisanb e
pa19|dwod sisuies| ‘sdnoib g14 + 1S

paulquiod pue g1s sy upgl4 40 did

+ (7S PaUIqWI0d ‘1S UIW-G/ Jaylia
P3adURUIWIOD SIDUJe3| ‘OLIBUSDS UIBd)
BuIpaa)-[eIa1Us UIW-G | € BUIMO||04

‘g4 e buipuane usayy

dnoib g1s yum ‘sasreuuonsanb pee|dwod
siaules)| ‘sbuyaligap 1504 'S4 2y Ul
pasn yoeqAe|d 0apIA pue YJomawel) SO
ay] ‘dnoib 14 + g1s pauIquIod ayi ul
PasN Sem 11 IU1aYM JeSDun sem 1

‘7S @Y1 Ul Pa1INd20 OLIBURDS 31 JO 3DBC|
-Ae|d 03pPIA 1S[IYM "9PIND UOISSNISIP e se
alleuuonsanb syl buisn ‘(psj-iolell|dey Jo
P3|-4195 1Y) suolssnasip dnob Bupusw
-Wod 0} Joud ‘(IoMmawely SyO UO paseq)
alleuuonsanb e pale|dwod Apuspuadapul
sipulea] ‘sdnoib g4 + d1S paulquiod pue
a1seayuIaI4 o did + ais paulquiod
‘7S UIW-G/ J3U1I9 PadUSLUILIOD $19

-UJe3| ‘OLIPUSDS Wea) UIW-G | BuImol|o4

€9=u-a4
09=u-d14+ais

(€z1=v)

S1USpNIS bulsinu Jeak-yiyy

LG=ta4
89=U:d14+d1S

86=U 1S

(/£ 1=U) ssuapnis BuisinN

S8=U:d74

06=u:g14+d1S

L/=UA1S

(¢Sz=uer0)

SUSpNIs (9€=U) 10 pue
‘(6£=u) AdessyroisAyd
‘(££1=u) Buisinu JeaA-pug jJo
swiea) [euolssajoidiaiu|

‘ubisap 1sa1350d-159121d dnoib
|01IUOD JUS[eAIND-UOU Wiie-7

'SUOISSas (IS JO Jaquunu Aq paidaye

2JB 95391 JI SUIWIS1SP 01 puUe
‘AU0 sg74 Yum pasedwod sg14
+ 575 U29MIaq UonDejsiies
Buyaligep pue QusUIssasse Hul
-J1gP 'SSAUBAIIIRYD Wea}
‘ssad0ud BulAjos-wa|go.d ay3 Ul
SIDUDIDYIP SUIWIDISP O]

s1JYy-uou aAieueNY

‘ubisap

|eIUBWIIRAXD PISILIOPUR) Ulle-E
a4+

SJ7S PauIquIO JO sOT4 ‘SJTS 92uL
-ladxe oym syuspnis buisinu Aq
panladIad UONDeJSIIeS pUE JUSW
-ssasse buyaligap ay) asedwod of

‘ubisap

|eusWIadxa Ajuo-1sams0d wie-¢
'SSOUBAIIDAYR

wea) pue ‘ssado.d Bulajos-wis|qoid
"JUBWISSasSe Buyaligap JO SWwial Ul
'S4 + sd7S paulquiod Jo

sS4 Yum paledwod sgis Jo
SS9UBAIDAYR aY) 21eB1saAul O

[15] [e=i0y
4anos ‘buesbuoako) yinos g naf]

(8102) NA's buey

[05] [ureds ‘epeuelo)
(120T) '|e 32 eUIPa-EPANY

[6¥] [ureds ‘epeuein)]
(0207) '[P 13 BUIPBIN-BPaNY

sbuipuy Apnis pariodas Aoy

S2ANSeaw swodIno
pue sjusWINJISUl UOIRI3||0d ele

Ananoe gis pue 315 jo uondudsag

sonsaldeIRYD
a)dwes pue juedilieq

ubiseap
Yo4easal pue wie Apnys pajels

uoped0| pue “eak ‘sioyiny

(PanuNUOd) ¥ 3jqey



Page 11 of 23

5

(2024) 9.

Kumar and Somerville Advances in Simulation

‘S2UNSeaU 92U}
|| $50128 SaDUIRYIP JURdYIUBIS OU
2Jam 21941 ‘'sdnoib syl usamisq
S9dURIaYIP 21025 15a150d pue

-24d BuIUIWEXD USUYM USASMOH
‘Buysiigap 210429 03 pasedwiod
Buyangap Joye sduewopad bul
-SINuU paAocidw] pue ‘suoiow
JUBWaABIYDR 2ANBHAU JaMmO| pue
annisod Jaybiy ‘peoj aAnubod [[elano
13yb1y Apuedyiubis e pamoys

sdnoib yioq ul syuspnis BuIsIiNN (2)
‘Suonowa

1UBWaA3IYDe 3Y1 10 (655 0=0)
2ouewlopad Buisinu (/4 0=d) peo|
2AIUub0d [10Y Bulpiebas sdnoib

7 941 U29M19q SadUIaYIP uedYIUbIS
A|[eD11S11€1S OU S19M 319y (1)

'sdnolb

[e Ul YBIy Sem UONDR)SIIeS I9AIMOH
(1000 >d) sdnoib (150-) 14 pue
(#0°0—) d1S @Y1 01 pasedwod dnoib
7S pa1sIsse 0apIA 3yl Ul Jaybiy
Ajpuedyiubis s1em spoyiaul bul
-J21GP YUM UOIIDBISIIeS 15911504 (S)
‘(£00°0=d) sdnoib

(52°0-) 14 pue (80'0-) 41S ay:

'SA dnoIb 7S pa1sIsse 09pIA SY1 Ul
19yb1y Apuesyiubis a1om s||iys uon
-BDIUNWWOD PISSISSE-J3S 1591350 (1)
(100°0=d) sdnoib

(€€'0-) 14 pue (L0'0-) 41S ays

'SA dnoib 7S paisIsse 0spIA Syl Ul
J13ybiy Apueoyiubis sem aduew
-10jJ9d Ul 92UsPYU0 15911504 (€)

81z 0=9)

sdnoib @14 pue g1s ayi pue dnoib
@715 Pa1sISSe 03PIA DY USIMISC
A2e1J9-4|9S DIWapede 1sa1s0d Ul
9DUJI3JIP JUedYIUBIS OU sem 312y (7)
'sdnoib ¢

[e ur3sa150d 01 359121d Ajpuedyiubis
panoiduit [[e (£00°0=d) S||1s uon
-BDIUNWWIOD PIsSIsSe-J[9s pue
"(100'0>d) 9ouewllolad Ul 9duspyuod
(L00°0=d) A2e1Ja-Jjas dlwapedy (1)

‘[DdN] @2uewiopiad

Jsuies)| Jo sbunes Janiasqo (€)
‘[UOISIaA URRIOY-DIV]

SUOIIOWS JUaWRA3IYDe UO Lodal
-J|9s Jaules| 1sansod pue -aid (7)
‘[LAID] Peo| 2ARIub0d uo 1odal
-J|95 Jaules| 1sansod pue -aid (1)

“(£00T "|e 32 0U2NO)

(91225 1M1 1UI0d-G BIA SWSM 9 1)
2JleUUONSaND HUYSLGIP Yum
UOI12BJS11eS USUIeS| 1591150 (1)
‘[D2I9]

S[[1S UOIEDIUNWIWOD PIssasse
-J|9s Jaules| 1sansod pue -aid (€)
(1661

“|e 19 997) (2]82S WY1 Julod-G PIA
SWall ) aJreuuonsanb asuspyuod
-J|9s Jaules| 1sansod pue -aid (2)
[S3SV]

1UBWISSaSSe ADBD1YJa-J|9s dIWUapede
Jauiea| 1sam50d pue -ald (1)

‘pareadal sem

OleURDS 2y} ‘Buyaigap Buimojo4 ‘uols
-sndsip dnoib 01 Joud (ylomauel) Sy uo
paseq) WuaWaje bunLm [euinof yum
UOI123|JJ-J|9S UIW-O7 e pauleiuod sdnoib
4109 “(omawel) Sy Buisn) 14 40 (Hom
-9Wel) SO BuIsn 1UspNIS 1931un|oA e Ag
pa)) Q1S UIW-0S 19418 PadUSWIUIOD
siauied| G Jo sdnoib ‘oleuRdS [enpIAIpUl
ejwae1euodAy uiw-g| Buimojo4

}2eqPa”y J01oN.ISUl AQ PIMO]|0) SBM

SIYJ “(UIW G 1) Sleuuonsanb swes ayy oy
sasuodsal uanlm buipiroid a1049q

‘(UlW Og) BulpIod31 OLIBUIDS [N} BY)
pamalnai sisuies| ‘dnolb gis paisisse
03pIA 31 U] “(lomaulely uoiedljdde pue
‘sisAjeue ‘uondunsap buisn) @14 10 Q1S
pa3sISse 0apIA ‘(jomawel) uonedljdde pue
1sAjeue ‘uondidsap elA paInIdNIls aljeu
-uonsanb e buisn) @15 UIW-06 Jayua
PIDUSUIWIOD $I2UJe3)| ‘OlIPUSDS LIRS}
212 Auniewaid ulw-0gz buimoj|o4

6¢=U:a1d

9c=u:a1s

(55=U)

SjUapNIS BulsINU JOIUSS

Ly=U:Q14
0G=U Q7S paisisse 0apIA
6t=u:d1S

(OrL=U) sanis

-I3AIUN UL3IOY YINOS € Wol)
SIUSPNIS BuIsINU JOIUSS

‘ubisap 1sam3s0d-159124d dnoib
|0J1UOD JUS[PAINDI-UOU UlJe-7
'SJUSPNIS BUISINU J0JUSS JO
2duewlioyiad Buisinu ay) pue
'SUOIOWIS JUsWaA3IYDe

‘peo| dAIHUBOD UO SQ14 pue
SJ7S 4O 510942 ay3 a1edwod o]

‘ubisap

15on50d-159101d B BuIsn Apnis
[eIUSWIIRAXR-ISEND Wiie-€ S1IS-11N|A
"uoloejsies pue ‘uol

-eDJUNWWOD Passasse-J|as ‘aduew
-10j12d U 92U9pPYUOD AeDLYa-J|9S
diwapede burnsesw Aq (1S
pajsisse 03pIA pue ‘1S ‘a1d) spo
-UY1sw Bbuysugep 9a1y1 s1edwod of

[€6] [e310% YINOS
‘Buoaysbuny? 1y uombues) ‘|noas)

(1202) Yoy g eN

[e210Y LINOS ‘Op-uoMbUED)]
[¢S] (0207) e 19 997

sbuipuy Apnis pariodai Aoy

S24NSeaw swodIno
pue sjusWINJISUI UOID3||0d eleq

Ananoe gis pue 315 jo uondudsag

sonsuadeIRYd
a)dwes pue juediyieq

ubisap
Yoieasal pue wie Apnys pajels

uoped0| pue “eak ‘sioyiny

(PanuNUOd) ¥ 3jqey



Page 12 of 23

5

(2024) 9.

Kumar and Somerville Advances in Simulation

‘7S pUZ Ul SIDUIeS| SAIIDE YUM pased
-W0d (£00'0=d ‘g€'L 'SAQL'7) Bulules)
Aw sacueyUa sJ9ad 03 }oeqPasy, pue
(0000=d"£1'L 'sA 09°€) Punedidied
Kjannoe Ag ulea| Ajuo |,(900°0=d ‘s€’|
‘SA G1°7) SI9410 Bulydiem Aq uies) |,
SIUSLIDIELS 91 LM SIoW paalbesip
'J1S S| Ul Siaules| 2ANDY (G)
(0000=d'S0'L

SA €€'%) 1S PUZ Ul SIDAI9SGO Ym
pasedwod bunedidiied AjoAinoe Aq
UJea| AJUO |,1UaU1RIS Y3 YUIM 2J0U
po21BESIP IS 1S | Ul SI9AISSAQ ()
(375 51 Ul punojlou

9DUI3YIP) SI2Ule3| dANDE O}
pasedwod (££00=d 01T SA68°1)
Bujules) Aw sadueyua sivad Aw 0y
oAb | Y2eqpasy, 1eyl A|buois siow
paAsl|aq SIaAI9sqo IS pug Ul (€)
“(PAYDUMS SI9M 3|0 3DUO

37S PUZ Ul PUNoj 10U 93UIYIP)
slauled| ane o) pasedwod (9pQ 0=d
'68'L SA /°7) s199d Aw 01 30eqPaD)
paselqun bulpirold JUspyuod we
I,3eu3 Ajbuons ssa|Inq (sz00=d /1’1
'sA G0'1) bunedpiied Ajpanoe Ag
ulea| A|uo |,1ey3 Ajbuois ajouw
panal|aq S1aAISsdo ‘15 15| Ul (2)
'39S BuLnp uoneAIasqo pue
uonediued sADe Y10G Wol 1ya
-uaq panladlad siauiea (1)

‘(7<) Alybry p=ies sem 7S Jo Aujenb
‘Pasn |00} JO ssa|pJebail ‘||eIaAQ (€)
(€20

=0d) (€8°€) SYL Y} Lpim pasedwod
(26%) SYI-0 2Y3 Buisn uaym sq1s Jo
1USWH3s sisAjeue sy Jo Aujenb ul
95eaIdUl JURDYIUDIS A|[BD1ISIIRIS VY (7)
(€60 =0) (€1'%) SYL Y} Yum paied
-W0od (0/F) SY1-O 2y1 buisn usym
sd1S Jo Ajenb jjesano ay i
90U1a441p 3uedYIubIS ON (1)

‘(2(e2s 1K1 u10d-/ BlA

Swall 9) }oeqpasy bulAledal pue
BuUIAID yum pue (BUIAIRSGO Yum
pasedwod uonedidnied A1)
LSallljepow bulules| yum sdusred
-WOD pue 92UIPYUOD-J35 Bulssasse
A3AINs Jaulea| 1sensod pue -ald (1)

‘[avso] Aujenb bul
-J21Ig9P JO JUBWISSISSE UIAISSAO (1)

"9duepInb spiroid 01 UIw G| 151y 9Y3 10§
1Uasa1d sem JOIRY|ID.) Y/ PAYDIUMS S3|O)
J2UJe3| Y1 YIIM INQ J1E| SYIUOW SUIOS
pareadal sem ssadoud siy] “(21ejdwial bul
-J21gap e buisn sisuiea| BuiAIsqo ayl Aq
p3)) SIS UIW-09 PAOUSWIWOD SId

-ulea| 'siauled] BuIAIDSO 7 pue aAnDe

2 Y)M OLIPUSDS Wea) UIW-GZ BUIMO||04

“(uoIssnosip ayy

pe3| (001 3U1 Pash Oym ‘pea| se pajeuliou
19qWRW Wea) 1) TS ay1 apinb 01 |00}
SYL-D 31 Pasn (6107) ¢ 3jdules pue (0o
SVLOYI pasn (810¢) | ajdwes q1s Aq
P3MO||0J ‘OLIBUDDS PUOIIS B PIDUSILLOD
sweal ‘g4 150d ‘74 PAOUSWWIOD siaules|
'0lleUDS Wed) pased-ai1eay) buimojjo4

(81=U) :SIanIasqQO

(61=U) :syuedipiied aAndY
‘(pasianal $9104) 375 pUZ
(61=U) SIoA19Sq0

(81=u)

:syuedipiied 9ARDY (375351
(£e=)

SJUaPNIS |O 1enpeln

GE=U QIS SVLI-O

GE=U:a1S SYL

(0£=U|P101) (£7=U) S1USPNIS
PIS3ISILUR 3SINU 7 pUR
‘(g=u) buisinu 7 ‘(6£=u) |e>
-IpaW Iojuas 7 (A|[ea1dAl) Jo
Sulea) [euolssajoldiaiul

‘uBISap J9A0-55010
15911500-159121d payipow Lied-z
‘39S Buunp yoeqpas) paiejal
2ouewIopad pue buiules| yum
95Uspyuod Jo uondadiad Juspnis
Buissasse Jo sasodind ay3 10y
S5 JO 8sN ay1 aujwexa o]

siskjeue
aAleIedwod aAndadsold wiie-g

'S@7S Jo Auenb sy sncidwl 01 yiom

-UWesl JO 1USUWISSaSSe SAIleWIO) e Se

'SYL AU SNSIRA ‘SYI-0 31 JO
Koedyye oy 21eb1Isanul o]

[5S] [vSN "elueajAsuuad]
(0z02) ‘|e 32 J2q121YdS

[S] [¥SN "eueisinoT]
(1207) |2 10 =bieyd

sbuipuy Apnis pariodas Aoy

S2ANSeaw swodIno
pue sjusWINJISUl UOIRI3||0d ele

Ananoe gis pue 315 jo uondudsag

sonsaldeIRYD
a)dwes pue juedilieq

ubiseap
Yo4easal pue wie Apnys pajels

uoped0| pue “eak ‘sioyiny

(PanuNUOd) ¥ 3jqey



Page 13 of 23

5

(2024) 9.

Kumar and Somerville Advances in Simulation

'sdnoub yioq ul

PISSNOSIP SJoM SaWLYL JelIwls (1)
'sdnoib yloq ul Jejiuis sem

3oeqgAe|d 0apIA OLIBUDDS JO 35N (§)
“(25'0=d) sdnoib ay) usamiaq
Juswanoldwil Jo 92169p dY3 Ul 9dUd
-19441p uedYIUbIS OU sem 319y ] (7)
(800'0=0) poyrsu! buysiigap Jo
ssa|pJebas panosdu Apuedsyiubis
SouewWIOpad wea) 1sa1350d 01 -ald (1)

‘Fly) 1S ™3Yy1 03
2INS0dXa Ja1e S||I3S [eDIUI|D Ul 9dUdp
-yuod-jjas ybiy pariodal sisulea (7)

“(T¥'y) 37S 341 yum Bujuies| uj uoney
-si1es ybiy parodal-j[as sisuiesa (1)

‘pa1uasald si e1ep 01 3dUBIYpPe
dnoib uo elep ON 'swall 6 o943 ssoide
9%/'76 0} 6’01 WOly pabues adud
-1aype 1sippayd Buyaligaq (€)
'sdnoib

€ 9} U2aMIaq (££6'0 =d) $21005
$359 9U3 10 (LOZ'0 =d) SI0DS SYA
A28D143-J|9S UONI3aY [ed1I1D Y3 Ul
90UI3YIP JUedYIUbIS OU sem 219y (7)
(900°0=0) sdnoib @IS

“SA $91025 |14 J2ybiy Apueoyiubis e
pey sdnoib 14 +@1s pue @14 (1)

(9107 "2 19 1909) A|o1eJRdas pays|
-gnd synsai aAnelenb pajielag
"POYISU UOSHedWIOD JURISUOD B

Buisn AjaAnelienb buisn paskjeue
sbuysngap Jo sydudsuel] (z)
TNWY3L] SI2UJes| JO JUSWSSISSe
19AI95G0 1591150d pue -aid (1)

(S1DS wioy

paidepe swiayl 9) aileuuonsanb
9DUSPYUOD-J[3S IDUIRD| 1S9NSO (7)
NGl VEN N

1u10d-9 BIA SWSL 91) (lleuuonsanb
UONOR)SIES J2UIeS| 15913504 (1)

‘(91005 Aousnbaiy yum

swall ¢ buipnppul ‘ou/sak buisn
SR 6) HISI[YPRYD eIA Aljenb bul
-J91QSP JO JUSWISSISSE JaAIRSqQ (1)
(53591 Aupige buidod ul
9DUSPYUOD-J[9S ISUIRS| 159150 (€)
[SYA

001-0 W21l 3|6uIs] Adeduy3-|as uon
-D3|JaY [BDNLD) J2UIeD| 15911504 (7)
“[1.L4] Bupjuiyy eARd3YRI JO
1USUISSDSSE ISUIRS| 1591150 (1)

;panoiduwi ag pjnod

11 MOY UO pue aduewliopad YD JIayl uo
109|431, 01 payse BuIaq SIaUIRS] YIM
'SYOO Y1 U0 Paseq Wiioj e pasn sq1s
'sBuYa1Igap ||e Ul 9|ge|ieAe 3oegAeld 0spIA
(714 AG Pamo|0} ‘0LIRUDDS YD) UILU-0L
PU023s e 3o0LspuUn Usyl sdnoib yiog
‘g4 10 @75 UIW-07 JaYI2 Pasuawiwod
sdnoub ‘oeuads YD UlW-0| Buimojjo4

‘g4 ulw-o¢ dnoib abiej e
papualie siaulea| ||e ‘sbuyaligap pue
SOLIBUDDS 4 || JO UoIa|dWwod BuImojjo4

‘(yoeoidde uonsanb-¢ buisn 1oresado play

-puey Jo ajol buikeid sauiea| Aq pa)) @15
UIW-G PadUSWIWIOD SIaUIed| ‘(JaA19sC0 pue
‘ueldIsAyd ‘asinu Joyesado adIAIp
playpuey) sajol 2ynads 17 pakeld siauied)
Y2IYM Ul OLIBUDDS WIea) UlW-0| Buimo||o4

‘(1no0-1do 01 uondo yum) Jox

-e11[128} JO 3|01 Y} J0j aJedaid 01 s82INosal
Buluiel} aUIUO 0 P1DBIIP 2ISM SIOIEYI|ID.}
11V (200Z “|e 19 uleg) Bunoniisuodal pue
‘Buiuosesl ‘bulrejas ‘buipuodsal ‘bul
-1J0daJ -1SI[23D PUE }JOMBUIRL) SAIIID|YS)
54, G Y1 25N 01 Sio1el|1oe) dAI1DdSa)

119y3 palinbai sdnoib ||y ‘g4 4o (Jauies)
pa1e20|[e A|WOPUEI AQ pa1ell|1De)-03) 014
+ @71S ‘(auiea] paiedo|je Ajwopuel Aq paj)
7S UIW-0Z J9YlIa PROUSWIUIOD S1aules)
's12ulea| BUIAISSO {7 PUB SANDE {7 LIIM
011euddS UWea) ewnesl 1sayd e BuImo||o4

swesl6l 14

sweal /1 :d1s

(801=u :|e101)

(9€=U) 95INU 2118343 | pue
(9€=U) 93ulel [e21BINS |
'(9g=U) 1USPIS3I BISAYISARUR
| JO sulea) [euolssajoidianul

(605=U) SsyuapNIS
Buisinu Jeak-pig pue pug

8/=u:d14

851=u-a14 +d1s
oLl=u:a1s

(Ore=u)

S1uapNIs bulsinu Jeak-jeuly

‘ubisap sainseaw

pajeadal Buisn | Y Wwie-om|
"Wy Bulues| 10§ sgT4 yim
pasedwod sg1s wooi bunelado jo
SSOUDANDDYS SAIIR|2J SY1 1591 O]

S3IpPNIS Spoy1aW Paxiy

‘ubisap 1samsod dnoub a|buls
'S9dULRAXS uope|

-NWiIs ANSPY [9AS]-PIW P3| 1USPNIS
pa1eyljoey 19ad-01-19ad 318n[EAS O

sa1pnls aAndudsap aAneuen)

‘ubisap dnoib

|01IUOD JUS[eAIND-UOU Wiie-¢
‘S| Uod3YaI [BD

-11112 [e2AR1 01 SIUSPNIS Bunsisse ul
sS4 Wolj paiayip d14 +sd1s 1o
/PUB 7S J9Y12YM SUIWLIDISP O]

[S1] [epeued ‘01u0i0] ]
(€107) | 1231909

[£5] [ejensny ‘puejsussnQ]
(9107) e 12 snD

[05] [el[eAASNY ‘pUBISUSAND)]
(£107) |e 39 DOmN|

sbuipuy Apnis pariodai Aoy

SaJnseaw awodIno
pue sjuaWINIISUl UOI}3||0d eleq

Ananoe gis pue 315 jo uondudsag

sonsiadeIRYD
a)dwes pue juedpiyieq

ubisap
yoieasas pue wie Apnys pajels

uoiedo| pue “eak ‘sioyiny

(panunuod) ¥ alqel



Page 14 of 23

5

(2024) 9.

Kumar and Somerville Advances in Simulation

1e3)2UnN S)UBWINASUI UORDI||0D B1ep JO UIBLQ
sioyine Apnis Aq padojaAsp syuswnIIsul U030 Bleq ,

9|eds anbojeue |ensIA SyA ‘[(siulod 1) Juswieal) pue ‘(syulod 9-|) sJomwes) ‘(syulod g—1) Juswssasse Jualed :sulewop €] aduew0)1ad JuaWSsasse-weal V. ‘[6/] [9]eds bunes -0 e buisn sujewop ¢ ssoide

SWa | |] 21nseapy uswssassy Adusbiawg wes) WyFL ‘[FS] 9]edS WUSWSSassy Jiomwea] Sy ‘[(siulod p—|) Juswieas) pue ‘(syuiod 9-1) yiomwes) ‘(syutod g—-1) Juswssasse Jualied sujewop €] 9ouewiopiad JUsWSsasse-J|as
VdS ‘[8£] 91e2S BuluieaT Ul 3USPYUOD-49S STIS ‘[££ ‘9/] [9]e3s 11T Ju10d-G B BuISN SUIBWOP {7 SSOIDR SWSY G L] JUSWNIISU| Buuly ] 9AIDSJRY (1Y ‘[17S] 9]eIS JUSWISSISSY YI0MWed] 3IND Syi-O ‘[S/] [3]es 1917 utod-g
e Buisn ‘sujewop g ssoJde swiall 0g] SHNPY 404 AI0JUDAU| $59201d BUIA|OS WB|qOId VIdSd ‘[7£] [2]83S 11T 1ulod-9 e Buisn ‘s9jedsqns € ssoude swiall G€] A101uanu| BulAjos wid|qoud [Sd ‘[€/] [9]eds 14917 Julod-G e Buisn swal
8] buya11gaQ JO WUBWISSISSY PAINIdINAS 9AINISIGO VSO ‘[2/] [31es 11917 Julod-¢ e buisn ‘sa110691e 17 $50408 SWall 0Z] 1S!II3YD 32URWLIONd BuISINN DdN ‘[1£] [3]e2s 1931 ulod-f e buisn swail 0 1] 9|eds Adedyy3-j|as
|e1audD §350 ‘[0/] [9]©3s 149%17 u10d-G e Buisn swa)l 1] 9]eds 9dudladwo) uoediunwwo)) jeuosiadiaiul [eqo|D DI/ ‘[69] [9]eds 11T Iod-G e Buisn ‘sulewop 4 sso1de swal 0z] 9|eds aduanadxy buysugaq s3g ‘[89]
[9]e2s Jul0d-/ BIA SW1 9] UOISISA JUSPNIS -21DY1[ESH Ul UOIIBINWIS J0) JUBWISSISSY Buyaligag AS-HSYa ‘[£9] [s3]eds 1uiod-Q| 10 -6 Buisn sujewop 7 $s042e swiall 91] 0°Z |00 Juswainses|y peo aAubod (47D ‘[99] [91eds
1917 3ul0d-0 | e Buisn swa) /1] 9|edS uonenwis aduauadxd [ed1ul]d §S3D ‘(9] [91eds wutod-¢€ e Buisn swiall ] S[|INS }JOMWEe] puy UOIEIIUNWWO)) S11D ‘[9] UOIIeN|BAT [BD1UID PRINIdNIIS PAAISSFQ Wead] Aloje|nquiy
3DSOLY ‘[£9] [9]e0S 11T 3uI0d- e Buisn swiall 0z] 9]edS AdedY)3-J|9s JIwapedy SISy ‘[z9 ‘19] [9]eds a1 1ulod-g e Buisn ‘suiewop g Ssoide swall //] 211BUUOIISAINY SUOIIOWT JUSWSABIYDY DIV :SIUWNIISUI UOII3]j0d DIDQ
SNSIAA sA ‘queddilied paje|nwis 4s ‘qUana bujuies)

paiejnwis 375 ‘BuyaLIgap Paj-4|9s 7S ‘Buluies| paseq-uoliejnwis 7gs ‘|el) [011U0d pasiwopuel | DY ‘Adesay) [euonednddo | ‘Uolieulwexd [ed1ul]D PainIdNIS aAI3[GO IS0 ‘ [09] 31eds buney |eqo|n emeno sYO0 ‘s
|ea1uyYd31-uou 5 N ‘[65] JAomawely dsiIEWIWING 3sA|euy JaY1eD Sio ‘Buyaligap paj-101ell|ide) g74 ‘ [8S] Jo1gag puowelq gg ‘Juswabeuew a21nosal SISLD YYD ‘Buiuies] paseq-ased 79D 1saile deIpied ) [SUOLIDIAJIQQY

(06'L "SA S8 :uoniubodal and ‘9z,
‘SA 96/ :PuUIp|INg-dIysuoiIefRl ‘Sz / SA
60'8 JUISHRURU 95BD) SIUDWSSISSe

-J|9S "SA SWR) € 9Y) S5010€ Jaybly
ApUS3sISUOD 219M sbulel Jusw
-ssasse Joad 1ey1 pamoys ereq ()
Jes ul

95USPYUOD paseadul/1aad yum
passaidwl pue ‘abueyd 03 skem 96pa
-|mouy| pue uoned|jdde :pabisws
Saway1 bulules| 1uspnis 7 (7)
“Juswsbeuew

1uaned pue ‘buipjing-diysuone|as
‘INoUBSWSP |euolssajoid ‘uoied
-JUNWIWIOD [eQA ‘1D3)je [euosiad
:pabiawa saway) aduewlopad § (1)

‘elep (suonsanb

papus-uado) aAnelenb pue (3jeds
0L—1 BIA SWd)I €) AlRIUEND Bul
-pNpRUL ‘SWIO) JUSUISSSSSe

-199d pue -J|3s JauIe3| 159150 (1)

(Peqpes)

119Y1 $SN2sIp 01 Bullesw, puoAaq pauysp
|[9M 10U a1 SIUSWS3) 015 € bupuaw
-W0D 210437 'S09PIA sIdad 1Y) pue

UMO 1124} pamalnal Ajyuspuadapul Aoy |
‘OLIRUSDS PUB ¢S SWES 3y} YIIMm Jaules)
9A11DB Y] U9q pey dled mau yoes 1ey)
yons pasted-al Usy} d1am slauiea] ' g4

ulw-G¢ dnoib ab1e| e papualie siauled) |je

'SOLIBUDDS 1 ||e JO Uoa|dwod Buimo)|o4
‘0lIBUSDS-150d Jaules| aAlDe 3y} 01
32eqpPas) bulpiroid ¢S 9yl Yiim 4oy

-UnodUd ay) buunp 193ysyiom e
Pa13|dUW03 J9AISSTO S| "Y2ed 9IM]
JauJea| BUIAISSCO PUE SAIIDE BY) 3G 0}
pa1e10J SI2UIRST (SMaU peq Bulyealq pue
JU9SUO0D PaWIOJU] ‘sUoIIeIDadXD d13S!
-|e3JUN ‘9DUS|OIA DISIWOP) ¢S Ue YUM
SOLIBUDDS f YOOLISPUN SISUIBI] JO Siied

(ce=u)
Siuapnis _Echme\A [Shing

‘ubisap

sisAjeue 1sa33s0d dnoub a|buls
"92UR1IadX3 4§ U JO SN 3y Yim
S||1s 92110eld DA1ID3BI SIUBPNIS
|BIUSP JO JUSWIO[2ASP BY3 Ul JUSW
-559558-199d PUE -J|95 JO 9|01 3Y3 JO
2In1eu ay3 oxul 1ybisur uteb of

[zv] [¥SN "e0sauuii]
(9102)2IN0

sbuipuy Apnis pajiodai Aoy

Sa2inseaw awod1no
pue sjusawiniisul Uoi}da|jod ejeq

Auande @1s pue 315 jo uopdudseq

sansuadeIRYD
a)jdwes pue juediyieq

ubisap
Yd4easal pue wie Apnis pajels

uonedo| pue “4eak ‘sioyiny

(Panuiuod) ¢ 3|qel



Kumar and Somerville Advances in Simulation (2024) 9:5

dental, 73 occupational therapy, and 39 physiotherapy
students. Only 165 learners were postgraduate profes-
sionals: 129 doctors and 26 nurses. In all but four studies
[15, 16, 49, 54], learners worked with their own profes-
sional group rather than as part of an interprofessional
team.

Self-led debriefing format

The specific debriefing activities, whether SLDs, FLDs or
a combination of both, took several different formats and
lasted between 3 and 90 min. Most SLDs utilised a writ-
ten framework or checklist to guide learners through the
debriefing, although this was unclear in two studies [42,
44]. Two studies required learners to independently self-
reflect, via a written task, prior to commencing group
discussion [49, 50]. Some studies included video playback
within their debriefings [15, 16, 42, 43, 49-52].

Data collection instruments and outcome measures

In total, 38 different data collection instruments were
used across the 18 studies. These are listed along with
their components and incorporated scales if described in
sufficient detail within the primary study (Table 4). The
validity and reliability of these instruments is variable.
Indeed, 13 data collection instruments were developed
by study authors without data on validity or reliability.
Authors used one or more instruments to measure out-
comes in five key domains (Table 5).

Key reported findings of studies
There was significant heterogeneity between the designs,
aims, samples, SLD format, outcome measures and con-
texts of the 18 studies, with often conflicting and inher-
ently biased findings due to study designs and outcome
measures used. Nine studies reported equivalent out-
comes regarding some elements of either debriefing
quality, participant performance or competence, self-
confidence or self-assessment of competence and par-
ticipant satisfaction [15, 45-49, 52, 53, 56]. However, of
these nine, five also reported that SLDs were significantly
less effective if using other elements of the outcome
measures [45, 46, 49, 52, 56]. In addition to these five,
two studies reported decreased effectiveness of SLDs in
comparison to FLDs or a combination of SLD + FLD [43,
50]. Conversely, only Lee et al. [52] and Oikawa et al. [48]
reported any significant improvements with selected out-
come measures with SLDs compared with FLDs, whilst
Kiindig et al. [47] reported improvements in two perfor-
mance parameters with SLDs when compared with no
debriefing.

Four studies investigated using a combination strat-
egy of SLD + FLD and demonstrated either signifi-
cantly improved or equivalent outcomes compared with
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either SLDs or FLDs only [49-51, 56]. Kang and Yu [51]
reported significantly improved outcomes for problem-
solving and debriefing satisfaction, but no differences in
debriefing quality or team effectiveness. Other studies
reported the opposite with significantly improved team
effectiveness and debriefing quality, but no improve-
ments in problem-solving or debriefing experience [49,
50]. Tutticci et al. [56] reported both significant and non-
significant improvements in reflective thinking, depend-
ent on which scoring tool was used. These findings,
however, are in the context of variable quality appraisal
scores (Table 3), wide variation in SLD formats and data
collection instruments, and improved outcomes regard-
less of the method of debriefing used.

Thematic analysis results
We undertook reflexive thematic analysis (RTA) of the
data set, revealing four themes and 11 subthemes (Fig. 2).
The process of tabulating themes and an exemplar of
coding strategy and theme development can be found in
Additional files 3 and 4.

Theme 1: Promoting self-reflective practice

The analysis of data revealed that promoting self-reflec-
tive practice is the most fundamental component of how
and why SLDs influence debriefing outcomes. Debrief-
ings can encourage groups of learners to critically
reflect on their shared simulated experiences leading
to enhanced cognitive, social, behavioural and techni-
cal learning [15, 16, 42, 43, 45-48, 50, 51, 53, 54, 56, 57].
Different components within SLDs, including structured
frameworks, video playback, and debriefing content,
may influence such self-reflective practice. Most authors
advocated a printed framework or checklist to help guide
learners through the SLD process. However, despite this,
SLDs were found to be less structured than FLDs [16].
The Gather-Analyse-Summarise framework [59] was
most commonly used [46, 49-51, 53]. One study com-
pared two locally developed debriefing instruments, the
Team Assessment Scales (TAS) and Quick-TAS (Q-TAS),
concluding that the Q-TAS was more effective in ena-
bling the analysis of actions, but equivalent in all other
measures [54].

Video playback offered a form of feedback for learn-
ers that encouraged reflective processing of scenarios
[15, 16, 52]. One article concluded quoting a learner:
T learned it’s worthwhile to revisit situations like this.
I know I won't always have video to critique, but being
able to rethink through the appointment will be helpful
to review which tactics helped and which ones need to
be revised’ ([42], p., 929). In such a manner, video play-
back enables learners to perceive behaviours of which
they were previously unaware [15]. Whilst many studies
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Table 5 Outcome measures

. Debriefing quality (assessed either by learners themselves
or by observers)

IIl. Individual or group performance or competence (assessed
by observers rating skills, knowledge, or behaviours)

lll. Learner self-confidence or self-assessed competence covering
a range of skills and behaviours

IV. Learner satisfaction or experience with the simulation or debriefing
modality

V. Debriefing content via qualitative data analysis using a constant
comparison method

lacked interrogation of content within SLDs, Boet et al.
[16] provided an extensive analysis, reporting that
interprofessional SLDs centred on content such as
situational awareness, leadership, communication, roles,
and responsibilities. Furthermore, it was through learners’
perceived performance of this content that offered
entry points into reflection [16]. Some studies required
learners to document their thoughts and impressions
[44, 45, 47, 48, 50, 53]. However, the influence of content
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documentation on promoting self-reflective practice was
inconclusive.

Combined SLD + FLD strategies involved learner
and faculty co-debriefing [56], or SLDs preceding FLDs
[49-51]. Using the Reflective Thinking Instrument one
study reported FLD and combined SLD + FLD groups
demonstrated significantly higher levels of reflective
thinking amongst learners compared with SLD groups
[56]. Within the limitations of a tool with poor validity
and reliability, this study provides the best evidence that
a combination approach to debriefing groups may be the
most beneficial method for encouraging learner critical
self-reflection. This finding is supported by results from
three other studies showing improved outcomes with
combined debriefing strategies, across team effectiveness
[49], debriefing quality [50], problem-solving processes
[51] and satisfaction with debriefing [50, 51].

Theme 2: Experience and background of learners

The experience and background of learners has a
profound impact on how and why SLDs influence
debriefing outcomes. Previous SBE experience may

Theme 2:
Experience &
background of
learners
*Previous SBE and
clinical experience
« Professional
backgrounds of
teams
s Cultural diversi

/ Theme 1:

Promoting self-
reflective
practice

« Structure of SLDs
«Video playback
+Content of SLDs /
*Combined SLDs + /7
LDs /

Fig. 2 Thematic analysis map illustrating themes and subthemes
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significantly impact the ability of learners to meaning-
fully engage with the SLD process and influences their
expectations as to how a simulated scenario will pro-
gress [15, 16]. Furthermore, previous experience with
FLDs may positively contribute to rich reflective dis-
cussion within SLDs as learners are better placed to
integrate FLD goals and processes within a new con-
text [16]. Whilst its influence on the conduct of SLDs
is less clear, Boet et al. [16] note that real-world clini-
cal experience allows learners to recontextualise their
simulated experiences more readily and may therefore
act as an entry point into the reflective process. In
teams from the same professional background, learn-
ers appreciated the value of learning from constructive
exchanges of opinion between colleagues operating at
the same level [42, 44, 45], and role-modelling team-
work behaviours [48], whilst interprofessional SLDs
may help break down traditional working silos, and
support learning in contexts that replicate clinical
practice [15]. Finally, learners originated mainly from
either South Korea or North America. Cultural dif-
ferences between Korean and Western learners may
affect debriefing practices, with Korean students being
described as less expressive than their Western col-
leagues [46]. The impact of cultural diversity on SLD
methods, however, was not specifically investigated
[44, 46, 53].

Theme 3: Challenges of conducting SLDs

Challenges of conducting SLDs were constructed from
the dataset, including closing knowledge gaps, rein-
forcement of erroneous information, and resource
allocation. The absence of expert facilitators may pre-
sent a missed learning opportunity, whereby erroneous
information could be discussed and consolidated, thus
negatively affecting subsequent performance [44, 45,
47, 51] and potentially persisting into clinical practice
[46]. There was consistent student preference for FLDs
over SLDs which may indicate learners seeking expert
reassurance and accurate debriefing content not readily
available from peers [43, 50]. By reducing the require-
ment for expensive faculty presence, a significant moti-
vating factor for investigating and employing SLDs is
the potential for reducing costs [15, 16, 44—46, 49, 57].
However, SLDs do not appear to negate the need for
faculty presence completely, but rather limit their role
for specific elements within a SLE [15, 16]. Furthermore,
the most influential impact on debriefing outcomes
may be the incorporation of SLDs in combination with,
rather than at the expense of, FLDs [49-51, 56]. Finally,
most articles integrated a FLD-element within their
SLE, thereby negating positive impacts on resource allo-
cation [15, 16, 42-46, 49-51, 54—-57].

Page 17 of 23

Theme 4: Facilitation and leadership

The facilitation and leadership of SLDs may have a
considerable impact on how and why SLDs influence
debriefing outcomes. Only five articles described how
learners were allocated as leaders and facilitators of
SLDs [43, 54—57]. Random allocation of learners to lead
and facilitate SLDs occurred either prior to, or on the
day of the SLE [54-56]. In two studies, learners took
turns leading the debrief such that all learners facili-
tated at least one SLD [43, 57]. No articles discussed
the influence of leadership and facilitation on learn-
ers, nor the learners’ reactions, thoughts, or feelings
towards the role or the content and reflective learning
with subsequent debriefings. In two articles describ-
ing the same learner sample, only one of 17 interpro-
fessional SLDs was nurse-led, all others being led by a
medical professional [15, 16]. Such situations may have
unintended implications by reinforcing stereotypes and
hierarchical power imbalances.

Learners were trained to lead the SLDs in only two
studies. In one, learners were randomly allocated to lead
the SLDs, and were directed to online resources, includ-
ing videos, checklists, and relevant articles, to help pre-
pare for this role prior to the SLE [56]. No information
concerning learners’ engagement with the resources was
documented. In another study, learners were given 60
min training on providing constructive feedback to peers,
which did not lead to improved outcomes for debriefing
quality, performance, or self-confidence [43].

Discussion

The aim of this IR was to collate, synthesise and analyse
the relevant literature to explore, with comparison to
FLDs, how and why in-person SLDs influence debrief-
ing outcomes for groups of learners in immersive SBE.
The review identified 18 empirical studies with sig-
nificant heterogeneity in respect to designs, contexts,
learner characteristics, and data collection instruments.
It is important to recognise that the review’s findings
are limited by the variety and variability in quality of
the data collection instruments and debriefing outcome
measures used in these studies, as well as by some of
the study designs themselves. Nevertheless, the findings
of this review suggest that, across a range of debriefing
outcomes, in situations where resources for FLDs are
limited, SLDs can provide an alternative opportunity to
safeguard effective learning. In some cultural and profes-
sional contexts, and for certain debriefing outcome meas-
ures, SLDs and FLDs may provide equivalent educational
outcomes. Additionally, a small cohort of studies suggest
that combined SLD + FLD strategies may be the opti-
mal approach. Furthermore, SLDs influence debriefing
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outcomes most powerfully by promoting self-reflection
amongst groups of learners.

Promoting self-reflection
Aligned with social constructivist theory [80], the
social interaction of collaborative group learning in a
reflective manner can lead to the construction, pro-
motion and sharing of a wide ranging of interper-
sonal and team-based skills [81, 82]. Currently, there
is a lack of evidence concerning which frameworks are
best suited to maximise such reflection [10], especially
in SLDs. Whilst framework use is associated with
improvements in debriefing quality and subsequent
performance, some evidence suggests that, in terms of
promoting reflective practice, the specific framework
itself is of less importance than the skills of the facilita-
tor using it and the context in which it is applied [7, 9,
10]. In SLDs, there is no facilitator to guide this pro-
cess, and as such, one may infer that the framework
itself may have relatively more influence on debriefing
outcomes and the reflective process of learners when
compared with their use in FLDs. Conversely, which-
ever framework is used, the quality of the SLDs were
rated highly, implying that it may be the structure pro-
vided by the framework, as opposed to the framework
content, that is the critical factor for promoting reflec-
tion. Based on the findings of their qualitative study
in which self-reflexivity, connectedness and social
context informed learning within debriefings, Gum
et al. [83] developed a reflective conceptual framework
rooted in transformative learning theory [84], which
purported to enable learners to engage in critical dis-
course and learning. By placing learners at the centre
of their model, and by focusing on the three themes
previously mentioned, this framework seems suited
to groups of learners in SLDs. However, like many
other debriefing frameworks, it remains untested in
SLD contexts. In a study of business students, Eddy
et al. [85] describe using an online tool that captured
and analysed individual team members’ perceptions
of an experience anonymously. The tool then priori-
tised reported themes to create a customised guide
for teams to use in a subsequent in-person group SLD.
The study reported that using this tool resulted in
superior team processes and subsequent greater team
performance when compared to SLDs using a generic
debriefing guide only. Such tools may have a place in
promoting self-reflection in healthcare SBE, such as
with postgraduate learners with previous experiences
of debriefings or those who have undertaken training
in debriefing facilitation.

Furthermore, other structures or techniques that may
help influence and promote self-reflection amongst
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groups of learners in SLDs are, as yet, untested in this
context. For example, SLDs could take the form of in-per-
son or online post-scenario reflective activities, in which
learners work collaboratively on pre-determined tasks
that align to ILOs. Examples such as escape room activi-
ties in SBE, in which learners work together to solve puz-
zles and complete tasks through gamified scenarios, have
used concepts grounded in self-determination theory
[86], with promising results in terms of improving self-
reflection and learning outcomes [87, 88]. Meanwhile,
individual virtual SLD interventions, rooted in Kolb’s
experiential learning theory [89], have been tested and
purport to enable critical reflection amongst users [90,
91]. Whilst such approaches may be relatively resource-
intensive to create, they could be applied to SLDs for
groups of learners in immersive SBE and prove resource-
efficient once established.

Video playback

In both individual and group SLD exercises, video
playback can allow learners to self-reflect, analyse
performance, minimise hindsight bias, and identify man-
nerisms or interpersonal behaviours that may otherwise
remain hidden [15, 42, 52, 92-95]. These findings are
supported by situated learning theory whereby learning
can be associated with repeated cycles of visualisation
of, and engagement with, social interactions and inter-
personal relationships which enable co-construction of
knowledge amongst learners [96]. Conversely, in group
SLD contexts, watching video playback may have unin-
tended consequences for psychological safety, making
learners feel self-conscious and anxious, and impact neg-
atively on their ability to meaningfully engage with reflec-
tive learning [93]. A systematic review concluded that the
benefits of video playback are highly dependent on the
skill of the facilitator rather than the video playback itself
[95], and as such its role influencing debriefing outcomes
in SLDs remains uncertain.

Combining self-led and facilitator-led debriefings

The findings of this review suggest that employing com-
binations of SLDs and FLDs may optimise participant
learning [49-51, 56], whilst acknowledging that this may
also be dependent on other variables such as the exper-
tise of debriefers and contexts within which debrief-
ings occur. Whilst the reported improved outcomes are
situated in the context of in-person SLDs for groups of
learners, they are supported by the wider literature. For
example, a Canadian research group investigated com-
bined in-person and virtual individual SLD formats
with FLDs, reporting improved debriefing outcomes
across multiple domains including knowledge gains,
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self-efficacy, maximising reflection, and debriefing expe-
rience [90, 97-99]. SLD components of the combined
strategy enable learners to reflect, build confidence, iden-
tify knowledge gaps, collect, and organise their thoughts
and prepare for group interaction prior to a FLD [90,
97-99]. However, limitations of these studies include the
unreliability of outcome measures.

Facilitation and leadership

Only two studies provided training for learners in how to
facilitate debriefings and provide constructive feedback
[43, 56]. This is surprising given the emphasis of faculty
development in the SBE literature [6, 9, 28, 100]. RTA of
the data highlighted how the potential influence of pre-
vious experience with FLDs may influence learners’ abil-
ity to actively engage in the reflective nature of the SLD
process [15, 16]. This brings into question whether learn-
ers should have some familiarity of debriefing processes,
either via previous experience or targeted training, prior
to facilitating group SLDs.

Variables such as learners’ debriefing experiences and
educational context have implications for the interpre-
tation of the findings of this review. Having previous
experience with FLDs may potentially influence learn-
ers’ abilities to actively engage in the reflective nature of
the SLD process [15, 16] bringing into question whether
learners should have some familiarity of debriefing pro-
cesses, either via prior experience or targeted training,
prior to being expected to facilitate or lead a group SLD.
This further raises questions about whether SLDs may or
may not be more suitable for certain populations, such
as students undergoing early training or postgraduates
who are relatively more experienced in SBE. Training
peers as facilitators, who then act in an ‘instructor’ role,
rather than as part of the learner group, has also been
reported as an effective method to positively influence
debriefing outcomes [101, 102]. However, training learn-
ers to facilitate SLDs involves significant resource com-
mitments, thus negating some of the initial reasons for
instigating SLDs.

Data collection instruments and outcome measures

The studies included in this review used multiple data
collection tools to gauge the influence of SLDs on
debriefing outcomes across five domains (Table 5). The
diversity in approaches to outcome measurement is
problematic as it impedes the ability to compare stud-
ies fairly, effectively, and robustly [103]. Certain instru-
ments, such as the Debriefing Assessment for Simulation
in Healthcare- Student Version [68] and the Debriefing
Experience Scale [69], are validated and reliable tools for
assessing learner perceptions of, and feelings towards,
debriefing quality in certain contexts. However, learner
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perceptions of debriefing quality do not necessarily trans-
late to objective evaluation of debriefing practices. Addi-
tionally, some studies relied on learner self-confidence
and self-reported assessment questionnaires for their
outcome measures, despite self-perceived competence
and confidence being a poor surrogate marker for clini-
cal competence [104]. Commonly used tools measuring
debriefing quality may not be suitable for SLDs and hav-
ing a ‘one-size-fits-all’ approach could invalidate results
[105]. To our knowledge, there is no validated or reli-
able tool currently available that specifically assesses the
debriefing quality of SLDs.

Psychological safety

One important challenge of conducting SLDs, which
was not constructed through the RTA of this dataset, is
ensuring psychological safety of learners in debriefings.
Psychological safety is defined as ‘a shared belief held by
members of a team that the team is safe for interpersonal
risk taking’ ([106], p., 350) and its establishment, main-
tenance and restoration in debriefings is of paramount
importance for learners participating in SBE [107, 108].
Oikawa et al. [48] stated that ‘self-debriefing may aug-
ment reflection through the establishment of an inher-
ently safe environment’ ([48], p., 130), although how safe
environments are ‘inherent’ within SLDs is unclear. Tut-
ticci et al. [56] quote secondary sources [83, 109] stating
that peer groups can improve collegial relationships and
engender safe learning environments that improve empa-
thy whilst reducing the risk of judgement. Conversely,
it may also transpire that psychologically unsafe envi-
ronments are fostered, leading to unintended harmful
practices. In interprofessional contexts where historical
power imbalances, hierarchies and professional divisions
can exist [11, 110, 111], and in which facilitator skill has
been the most frequently cited enabler of psychological
safety [112], one can infer that threats to psychological
safety may be accentuated in SLDs.

In contrast, researchers found the process of engaging
in an individual SLD enhanced psychological safety by
helping learners decrease their stress and anxiety, thus
leading to more active engagement and meaningful dia-
logue in subsequent FLDs [99]. Another study reported
learners describing the familiarity of connecting with
known peers within SLDs fostered psychological safety
and enabled learning [98]. However, these studies were
excluded from this review due to having individual rather
than group SLDs. Nevertheless, their findings that com-
bined SLD + FLD strategies enable psychological safety
may partially explain the findings of this review, and psy-
chological safety may therefore be a central concept in
understanding how and why SLDs influence debriefing
outcomes.
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For teams regularly working together in clinical con-
texts, their antecedent psychological safety has a major
influence on any SLEs they undertake [113]. This sub-
sequently impacts on how team members, both indi-
vidually and collectively, experience psychological safety
within their real clinical environment [113]. The place of
SLDs in such contexts, along with their potential advan-
tages and risks, remains undetermined.

Limitations

This review specifically investigates in-person group
debriefings, and therefore, the results may not be appli-
cable to individual or virtual SLD contexts. The inclusion
criteria allowed for published peer-reviewed empirical
research studies in English, excluding grey literature. This
may introduce bias with some evidence suggesting that
excluding grey literature can lead to over-exaggerated
conclusions [114, 115], and concerns regarding publish-
ing bias [116]. We also acknowledge that the choices
made in constructing and implementing our search
strategy (Additional file 1) may have impacted the total
number of articles identified for inclusion in this review.
Finally, the heterogeneity of the included studies limits
the certainty with which generalisable conclusions can be
made. Conversely, heterogeneity enables a diverse body
of evidence to be analysed and better informs the need
for future research and where gaps may lie.

Recommendations for future research

The findings of this review have highlighted several areas
requiring further research. Firstly, the role of combining
group SLDs with FLDs should be explored, both quan-
titatively and qualitatively, to explain its place within
immersive SBE. Secondly, to inform best practice, differ-
ent methods, structures and frameworks of group SLDs
need investigating to assess what may work, for whom
and in which context. This extends to further research
investigating different groups, such as interprofessional
learners, to ascertain if certain contexts are more suit-
able for SLDs than others. Such work may feed into the
production of guidelines to help standardise SLD prac-
tices across these differing contexts. Thirdly, assessment
and testing of data collection instruments is required, as
current tools are not fit for purpose. Clarification of what
is suitable and measurable in terms of debriefing quality
and learning outcomes, especially in relation to group
SLDs, is needed. Finally, whilst research into fostering
psychological safety in FLDs is emerging, the same is not
true in the context of SLDs and this needs to be explored
to ensure that SLDs are not psychologically harmful for
learners.
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Conclusions

To our knowledge this is the first review to explore how
and why in-person SLDs influence debriefing outcomes
for groups of learners in immersive SBE. The findings
address an important gap in the literature and have sig-
nificant implications for simulation-based educators
involved with group debriefings across a variety of con-
texts. The synthesised findings of this review suggest
that, across a range of debriefing outcome measures,
in-person SLDs for groups of learners following immer-
sive SBE are preferable to conducting no debriefing at
all. In certain cultural and professional contexts, such as
postgraduate learners and those with previous debrief-
ing experience, SLDs can support effective learning and
may provide equivalent educational outcomes to FLDs or
SLD + FLD combination strategies. Furthermore, there is
some evidence to suggest that SLD + FLD combination
approaches may optimise participant learning, with this
approach warranting further research.

Under certain conditions and circumstances, SLDs
can enable learners to achieve suitable levels of critical
self-reflection and learning. Similar to FLDs, promoting
self-reflective practice within groups of learners is the
fundamental method of how and why SLDs influence
debriefing outcomes because it is through this meta-
cognitive skill that effective learning and behavioural
consolidation or change can occur. However, more work
is required to ascertain for whom and in what contexts
SLDs may be most appropriate. In situations where
resources for FLDs are limited, SLDs may provide an
alternative opportunity to enable effective learning.
However, their true value within the scope of immersive
SBE may lie as an adjunctive method alongside FLDs.
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