CHAPTER 2

LITERATURE REVIEW .i
2.1. Introduction i'\d

L]
Games and simulations have already gained ificant papular T tr?gl;'ganal
education due to the rapid advancement of technology,, They are xte ivelygtmlized in

N
\oNesear “€Xploring the

. In_regent years, digital

the field of education, and there exists a substantial b
intersection of games and education iwe

and web-based games, particularly ssimulation bmgj

c

emgrged as increasingly

N

popular tools for facilitating learni Is has attracte th&-}tention of the scientific
q

and educational community,N ing e S, Ie@“e/rs, and game developers,
\
particularly in the real foane education. d.uc@l policymakers and authorities

are interested in incorporati ecﬁ‘re‘l}gical tools as technology continues

\ inn&@

to advance. l %

iy Q N
Simul% d micro Igs pr&gire a context for exploring vast amounts of

data. Th for the pogptrayal @iﬁerent aspects of environmental scenarios to
‘e
ompre

foster hensive understanding. Games and gameplay also offer rich information

S
b \Qsenting contextual events. Simulated software enhances functional
‘%pr

S

ehension by establishing a structured existence and linking actions to outcomes



2022). These types of technologies promote syste

(Kaplan,

sider the structural components involve

couraging individuals to con



The research aims to evaluate the effectiveness of these patient sim?ﬂh
games in improving student diagnostic abilities (Garcia et al., 2021). Thrm@ktest-
post-test design, the study will assess the impact of the simulation ga students'
proficiency in diagnosing various eye conditions, using the approerm~edical terms
to describe each condition accurately. Immediate feedback an Mnt mechanisms

within the games will enable students to monitor their pr d relceive guidance,

promoting self-directed learning (Lee, 2023). ‘\d
o
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2.2 Games and simulations conceptualization

X
O

2.2.1 Serious Game
Plenty of well scientific research on the influence of seri es on learning

outcomes have been found in the recent literature revie SQE games are those
created by the game industry that have a significant lin wledg I!arni (Richard
L. Lamb, 2018). Serious games, on the other hand, afgithose whose pri ri/ g‘gg)@'not
amusement, enjoyment, or joy. Serious games, instrtetional g?m g, and vir-gg}f worlds

¥'~ N
created for educational reasons demonstrate theSpower ﬁ’duanced eefinologies to

engage and drive people in ways whi h@gnd jea nalg@uits (Richard L.

Lamb, 2018). Simultaneously, there is “ind a T antjal body of research

investigating the possible Iearni‘r%agw %base@ming (GBL), which is

classified as the use of game-bN hnolo gageé;}i—st, and enhance education,
N

teaching, grading, and gvaluation (Serrlno, 1 ).0.%
Simulations are wia rec@ a§' a‘jignificant subset of serious games,

y
offering immersi@wtem@min @ronments where learners can actively
engage with r@tce rios i?dri 014). These virtual experiences bridge the

gap betw: &Ury and practice, alléh(tn'}g learners to apply their knowledge and skills
o

within“si ed real-world COE'S?/&; (Reiners & Wood, 2019). Simulations replicate

c ex situations that are cfEﬂenging to recreate in traditional educational settings,

Oerlng learners valuable insights and practical skills through experiential learning

redler, 2016). By incorporating problem-solving, decision-making, and critical
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thinking, simulations foster engagement and motivation, leading to enhanced |

outcomes (Prensky, 2013). They also provide opportunities for safe exp@tion
and repeated practice, enabling learners to learn from their mistab@&d receive
immediate feedback (Aldrich, 2019). With technological advancements, simulations
continue to evolve, delivering increasingly sophisticated%alistic learning

experiences across various fields, including healthcare, b ssyand 'engineering (de

Freitas & Oliver, 2015). .\d‘
Yv

TS
4 \)‘?‘

Y- \ <
2.2.2 Simulations \/ 0\ %
Simulation games encompasswar-based games th@ vide users with

highly realistic simulations of varioﬁﬁl-worl \fhdges y@#as sports, commerce,
ﬁy N,
and everyday life (Peterson, %hese imulatiens (1;, r critical reasoning and

problem-solving skills, acti ﬁk‘;agil:V earners in‘é@process of skill development
(Olga Chernikova, 202% ers caniwor f‘r{)trgb’ealistic scenarios individually or

'3

in groups, promoti amworli \Rnowledﬁichange (Janice Super, 2020).

The advent of'gami Iogi@fs facilitated increased opportunities for
K ’ J (.?
collaborativ rticipat te‘ac@}n with technological applications, leading to
NN

enhanced agcess to inf Qn sha@ ideas, knowledge transfer, and content creation
(Ri orres Kompen, 201 )%ﬁ higher education, digital simulations are utilized to
e%\tudents in interactive, realistic, and self-directed knowledge acquisition. Many
cademic institutions consider digital games as catalysts for providing improved and

ore effective education (Awais K. Jumani, 2018). The use of digital games for

12



productive learning methods has long been advocated. Game-Based Learning ,

which encompasses both computer and non-computer games, distinguish@from

game-based e-learning. The selection of delivery systems, such as c r, online,

mobile, 3D, or 2D, is crucial when creating and delivering games and simulations.

Developers must consider technological challenges, module Mres, gameplay,
X

and educational approaches (e.g., single-player, multiplaye ) y'nchronous, etc.).

This research explores the diverse curriculum are dle rn.ﬁ'@.Qac’tives that
d simulagi slis@ nted
A and@ulations.

Simulations employ computer technolo ate':s‘ th -dime@nal world or

each game aims to address. The categorization of ga

>

in Table 2.1, illustrating the fundamental disti

D
D
/§

scenario that can be interacted with in r agompletely

In contrast, games are artificial a ucationa\blgt

S
conflict, rules, and predefin %ﬂan F@ 2018). 4 Qi:)
RN

=)
K S



Description

Games

Table 2. 1 : Distinction between games and simulations &
Simulations
A

Game Type

Description of gameplay,
such as taking a role,
strategic decision-making,

and coordination

Puzzle, advenll@ -

strategy, W action,
role Mbusiness,
.0§ '

Game platform

Depends on mode of

delivery

? mobilg, net
% , co%a'é, game

i
omp terigital,
@
r}e& ine,

é\‘?

Game technical

characteristics

Game learning conten

Game purpo

&
R

7
gl(@ltiplayer, linear-
pf\hnear, collaborative

N
@petitive, online,

X/

t synchronous, immersive

Science (physics, biology,
chemistry, engineering),

business, languages, maths

Acquisition of knowledge,
comprehension of
material, motivation,
engagement, and skill

acquisition
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2.3 Simulation in Medical School YV

Simulation serves as a potent tool for training medical skills, enab@ners

to practice procedural techniques on manikins, part-task trainers, and e dardized
patients (i.e., individuals posing as patients). However, manikins antmask trainers
have limitations when it comes to realism. Displaying dynamic.changes in physical cues
and symptoms, such as alterations in skin tone, often Ktes

"nterrupting the

simulation to apply moulage or relying on verbal descriptions to OM cues and

Ay
symptoms. While standardized patients offer greater r in sympt pdrt@ they
still require moulage and restrict learners from icing erti ical i@?ventions

on live individuals. Consequently, traineesﬁq@

visual cues crucial for effective assew:)ntil they

patients. Our training approach aim@j

Although some advana%' i

traditional ones, they tend \c&

t expéhfe to realistic

ni <<Cting with actual

'_\d'eficiency.

professionals who co fit fror[ Si Ia‘timb'raining. An emerging trend in
simulation training i&%utilizrt
(MR) training @bmen et tlj}‘éow; Zhu et al., 2014). AR and MR
¢
; :

!

technologie % interactio Wﬂ'h Q/‘e'%hysical environment while superimposing
NN

digital ntwvitholt )etely‘ié\mersing learners in a virtual reality (VR) setting.

4 ¢ &
\'Laugmﬂed reality (AR) to create mixed reality

By jﬁ)rating AR, the fide@df simulation training can be significantly enhanced

a
@ ikins.

s for the presentation of virtual patient overlays registered to physical training
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The integration of AR into the training environment expands the scope Vﬂts

=

that can be addressed through manikin-based simulation training. The @n 0
photorealistic and dynamically evolving visual cues introduces a ne f fidelity
that is essential for developing perceptual skills. By incorporating'Wirtual patients,
learners can practice the development of perceptual skills, s Nognizing visual
cues associated with injuries and disease states, alongside u&r; ills like wound

management and establishing airway patency. Moreover,*his typé of trai g‘ can also

be utilized to enhance macro cognitive skills such as s aking (Su e'a,‘@tello,
4

\ \z‘r

N QT’

S TS

2.4 Existing Educational Algorith&) \: ,‘\'\
This literature review % %

S
a focuse exar@on of three theses that

& Patterson, 2019).

-9

explore the application of algorith ictt iqu Witr@nulation-based game design.
h

Each thesis offers un insights in t‘ne'sbechniques are utilized to teach
4 ¢ &

computer aIgorit?@hance]

algorithmic thiw ills.

gent ing under uncertainty, and foster
¢
employed i hesis an

w

'lew e)%’es into the algorithmic methodologies

H’mel/l tions for computer science education and
\



2.4.1 Simulation-Based Game Design for Teaching Computer Algorithms YV

Hodhod and Moffat's thesis centers on the development of a simn@s ased
game for instructing undergraduate students in computer algoritlﬂ*he game
incorporates algorithmic techniques through a graphical interface that'€nables students
to create, modify, and execute algorithms using drag-and- o\w’cks. The thesis
particularly focuses on algorithm design within the game an ﬁ; e effectiveness

of this approach in teaching algorithmic concepts. \d
N

L 4
Hodhod and Moffat in 2020, the implementa f algarithmi tkcb@ques is

he% o of d@&nd-drop
T

prominently evident. One notable technique i

blocks, which serves as a means to simpl

By employing this technique, the thesiwaes foraha
allows students to intuitively constn(gjgorithm wJaeilitati g@\deeper understanding
‘% 6 S

of these complex concepts.

9 Q—
\ &
Furthermore, the th?%u~ ersT theyimpo @e of algorithm visualization

techniques within the % ese vi; alizafionls p@ a pivotal role in elucidating the

‘&
inner workings of rithm@y enha&g comprehension, particularly when
dealing with abstract netionss | %
¢
Add'!f!'%u, Ho ho} lﬁo@‘nZOZO) delve into the realm of usability and
\
S Metric ewéh

effectivghe si Thi ails oying algorithmic methodologies to rigorously

asngame's usability a@ effectiveness as an educational tool. Such metrics

providervaluable insights into the algorithmic intricacies of game design and its overall

3 ct on the learning experience.



2.4.2 A Simulation-Based Game-Theoretic Approach for Multi-Agent PI?H!Q
Under Uncertainty ('}

Lo and Doshi's thesis introduce a novel framework that merges ﬂ*on-based
search and game-theoretic reasoning to tackle multi-agent planning ‘¢hallenges amid
uncertainty. Algorithmic techniques underpin this framework, whieh utilizes Monte
Carlo tree search to generate agent plans and applies Nash e mc'}ncepts to select
optimal plans. .\d‘

Algorithmic techniques are at the forefront o ir innovati rdm:@‘ifor
multi-agent planning under uncertainty. A cen rithmi€ dologx,‘gmployed
in this thesis is Monte Carlo Tree Search“@MCTS). MfT rves agax:oundational
technique, playing a pivotal role in ger@gent plans. chie@bthis by simulating
various potential actions for the agerﬁji subseqﬁy}yﬁet m@\mg the most favorable

N,
course of action, an indispensah%)onerﬂ in the real (é?nulti-agent planning.

Another noteworth)?]}ithrli echpique fe%tured in this thesis is the
m

-

application of Nash % : 2} und :ehtad)oncept in game theory. Nash

&
equilibrium is harn to sel\e‘cﬁffma plagor the agents, ensuring that they make

rational decisiw in S crtmj\efcﬁerized by uncertainty. This strategic
¢
application ame theor aﬂ'ceU robustness of the proposed framework,

NN
elevating its effectivefess i ?al-wujlh scenarios.
mreover, Lo and Do @019) provide concrete evidence of the adaptability

a ticality of these algorithmic techniques by showcasing their implementation in
omains such as robot soccer and pursuit-evasion games. This real-world application

nderscores the versatility and efficacy of these algorithms, demonstrating their
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relevance beyond theoretical constructs and confirming their utility in solving cw

problems within robotics and strategy games. (‘}

2.4.3 Simulation Games for Learning Algorithmic Thinki V
ZS

Timm and Pinkwart's thesis explores the use of simulation a Tol for fostering
algorithmic thinking skills. The authors present a de mo elw‘orporates
ive to algorithmic thinKing.

io% rehquqe design
T

sim‘JIat game.%ﬁhis model, as
c te@hues to stimulate

@olely focusing on in-

algorithmic techniques to create simulation games co

One notable facet of their work is the i

model tailored to foster algorithmic thinkiw
elucidated in the thesis, strategically btes algori

algorithmic problem-solving skills @sg pIa@?&%r

game content, this approach un S the%truct al asgg@-s?\of these games, with the

intention of cultivating a d Ners ing of alg@ns and their application.
Furthermore, Té%ink: ‘;t.}‘l‘d) p@ide a concrete illustration of an
hroug&dcompelling case study involving the

digsis

se s serves as a tangible example of how

algorithmic techni ithin thfl

simulation of behavior:

#
rnithe acti

NN
:ymemsl\role of algorithms in facilitating problem-solving

scerﬁwithin the game e@nment, thereby emphasizing their significance in

!
algorithms nJiré:r?ctions of virtual ants within the game. It

eg\alg algorithmic thinking skills.
Q In summary, the paper contributes to the growing body of literature by
xemplifying how algorithmic techniques can be thoughtfully integrated into

19



simulation-based games for the explicit purpose of nurturing algorithmic th|nk|n

This approach, as demonstrated through the design model and case stud@llght

on the transformative potential of algorithmic methodologies in c@%@r science

education, particularly within the context of educational games. Q

In the realm of patient simulation games, secu paramou sﬁf@d the

2.5 Security in game development

integrity and confidentiality of patient data, as 0 ner uththE%~ ty of the

training experience (Smith, 2022). Patient s Ia ng

medical training purposes, create a con\ Iedavwonme nhacr_%%llnlcal skills and

|ch are\widely used for

decision-making abilities among he re stude T &

One critical aspect of e R/ in patient S(Ié@dtlon games is the design
of the game architecture._The "@am itecture @rmmes how various game
components interact ernal sysjms, d'm@'context of patient simulation, it
plays a crucial roI secure mitting sensitive patient data. To
achieve this, ro st urit s su cryptlon secure authentication, and

¢
inte teJ into he architecture to maintain patient data's

}ones,*&g).
b 9

reover preventing

data validati st b
conflde nd inte

@ing is a significant challenge in game security for

patien |mulat|ons. Cheating in these games can compromise the educational value and

Q racy of the training experience. Implementing cheating detection and prevention
e

asures is vital to ensure fairness and effectiveness. This involves identifying and

20



addressing any attempts to manipulate patient data or exploit vulnerabilities wi

game system (Brown, 2021). (}
Balancing security and performance is another substantial c in patient

simulation games. While stringent security measures are necessary t@ protect patient

data, they should not hinder the game's performance and uiEMAchieving this

balance is crucial to provide users with a seamless and e in train'ing experience.

Optimizing game design and implementation can he aint in.\eﬁi@t‘ security

.\Y'

for medical training. Proper security meas

are essential to protect patient datawan authentiei
Addressing these security concern%res that\"neg Si

S
secure and effective platform f al edﬂcatio q Qe

the Q@Y;rchitecture,
a@ﬁrevent cheating.

Wlogy to address the rese\arch problem, with the goal of reducing potential biases.

e literature review took place between 2017 and 2023, and it followed the steps
Qﬂtlined below. Keywords in referenced electronic databases such as Google Scholar,

21



iSeek, Google Books, Microsoft Academic, WorldWideScience, ,
ResearchGate, BASE, Infotopia, Science Direct, and PubMed Central Ga\d to
identify the reviewed publications. The learning outcomes keywords ﬁ‘&ombining

of the term’s games or simulations and higher education, using the Qolean operator

IIAND.II V
igact are other terms

for learning achievement. Computer-based, web-based,%digital, v??(ﬂa,[dnline, and

X
technology are all terms used to describe platform @very te¢hni s.lE%\gfional
a

games, corporate simulations, role-playing si IoNs, g& Iear\ry{g, video
_ NN
d rlbeb?am and s tions.

Learning aims, learning goals, learning objectives,

games, and serious games are all terms use

Furthermore, all of these thDcombine ng @%oolean operator
"OR." To avoid limiting the scope @jevant p\Cat%n l;h‘é\“s'tudy uses the largest
E'N% S

possible collection of keywor data'gelect v w conducted a complete

es arch§krs a wide range of scientific

database search in bibliogr mice[.
cience, *n@ation technology, management,

topics, including educati nitive
’ &
and other scientific Wns ini i edici gineering, and health.
N &
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Table 2. 2 Research Database
Database Paper Count — Initial Paper Count -ec n

Google Scholar 205 4 *'

iSeek 9 0 Y v

Google Books 23 1 V

Microsoft Academic 9 z '

i
WorldwWideScience 12 \d
L 2

Refseek 3
ResearchGate 25
BASE 2
Infotopia 9
Science Direct 30 (,JA >\Y A
PubMed 4 ] &
&
Springer Link % , 9 N5
N
IEEE oj ..l " <<,\,) 2
ACM \ 1 S 0
& N {("‘
\ ¢ . %(J
£
[ 53¢
2ty
Y.



2.4.2 Extraction and assessment T

The dataset consists of journal articles referring to games, si N or
learning in their title and abstract. The literature review being piloted m%%/-;nted by
selection criteria based on prior studies. The study selection process was cofiducted in

two separate phases which working independently, initially, and subse&ently, together,
screened the titles and abstracts for inclusion criteria. In the evwisagreement or

insufficient information, the research being carried out a thoro nsideration of the
body of the (i.e. methodology and results), again inde tly, 'irst, and, then,
together, resulting in consensus. Then, whether to inclu textor n discussed,

L ]
based on pre-determined criteria. \Y'
|.S

Using these parameters, an initial dataset™was crgated with i}gp'research
published between 2017 and 2023. The chgn pa from 39 academic

publications covering a wide range of subE Me majori ublications come from

the scholarly journal "Computers w ,
Technology” and "Simulation 8cGaming" V\Tg c'abely behind. Several
discussions amongst researchers% diﬂ as ased;weview the findings and

“ &
L

'S
Ay \:’ bj__&o

decide on a presenting strateg



Table 2. 3 The inclusion and exclusion criteria
Criteria Inclusion Exclusion c

Study Design Empirical research study Non-empiri dy

(experimental, evaluation | (reports, r )

studies, qualitative studies, N
quantitative study, z '

systematic review, .\d
X
methodology research) J ’ c}
5
Participants Aged over 18 inclﬁing Adbsggwer than 18
w\ g
students, Iect% %

instruct (q N O<<
Game intervention Game(ors owle ﬂo 3

>.%

ski ivation u ning tools and
. N .
+ technologies

Game for entertainment

me — based

purposes

Report

it
Type of selected,res 1
paper é I !
W%— §nge ;H;

N
N

Reviews

All other languages




From 2017 forward, the number of published articles discussing gan?ﬂ!s
steadily increased. A final selection of 290 suitable full - text emerged aft \ough
analysis of their abstracts. Two hundred and sixty-two of the 290 vﬂE&liminated,
mostly because of a poor focus (e.g. theoretical scenarios for usian?nulations in
education). We discovered and documented several fundame Ms in each of the
remaining 39 studies, such as types of learning outcomes r&Eenlce or impact of
game and simulation methods on learning goals, partiCipants and ings, research

'Y

questions, study methodology, and findings. The studyineludes 25 p aﬁo %t are

determined to offer data, while the other 14 asti re % becm@~ they are
X"
ers

written in a language that the researchers dw do ecaus@y are focused

sear@re meta-analyses

and/or systematic reviews, which blished™ IN rnals or conference
N

proceedings. The following dia%picts% sumiary o O{;E’full review (Figure 2.1).

X

on an area other than higher learning*%Lhe bulk of the
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Identification of subject terms K? '

Papers identified after search

A w 2

Identifying the search

L e
Paper remained after exclusion of duplicates

r X
Screening of article
1’-§

i I y B 4
Paper remained after duplicates removed n

/ -\ X

Paper screened Q Papers excluded
\ \:') ¥ Y

. . Studies included for systematic review
inclusion

L P

Reason for exclusion:

\ R

Eligible full text article included

Not ophthalmology or XR

Weak evidence

\ (J Inadequate research methods
N | -
N N
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2.4.3 Data analysis and synthesis Y'
The found articles are analysed using a qualitative content analy@ach,

which results in a classification system with a major category, three sub- ries, and

numerous linked themes. The coding that came from the study of the @Xamined papers

was universally agreed upon. A small random sample (n = 20) fMected articles is
-

coded in duplicate to guarantee inter-rater reliability (p) in e ']uality of article

coding methods. The computed dependability is greate n 93 jpercent Qicating a

high level of consistency across coding categories. rmore, d ‘ K@x of
quantitative and qualitative features in terms o oloﬂkél i ular.'koB~ a review
of mixed-methodology research gives highgwm\ %

We investigated at the researcr\hrious angles#To @r we examined at

the data set's features, such as the c%nt Wher\eszdi @e done, the academic

N,
discipline, the methodologica%desi@n, th 2

rts 0f-"games and simulations
&
identified, and the time peri h thl( of t s:herature were conducted. The

focus is on the quantit% ique } peri ‘shtalbuasi-experimental, pre-test, post-

test surveys, etc.) %as thel itative mﬁujs employed in the evaluated surveys
in terms of analysis, sur nd d@(

!
¢
Tos anise, the reyi s{Jd' g-?ﬁe chosen via a systematic method based on

pre-det% ritegia ‘g is nocﬁ?liberate bias in the studies chosen, and the fact
Yw

thatﬁ&lk of them are from e is merely a by-product of the lot of consideration.

9

8
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2.5 Results Y'

Ten databases were identified for searching relevant papers to \ this
research. The query previously identified was applied to each cﬂ‘&e, and a
preliminary query was tested for each database to confirm the uniquetinterpretation of
Boolean logic. Based on the test results, the query syntax was gccasi@nally modified to
ensure consistent outcomes. The citations from the result h qrery were saved
using the respective database's archiving feature. The se ine CME focused

Y'
e individu atlb@

To determine whether each paper met I on\l la#the t.lt\lg~ abstract,

on Title, Abstract, and Author keywords as specified

and, if necessary, the full paper was reweww ase h pap S thoroughly
read to ensure compliance with all mc‘@ in @ﬁﬁnal set of results
presented. It is worth noting that so ers that @ inclusion criteria are
referenced in this paper to pro hts ﬂﬂo t end of healthcare education
utilizing High Fidelity sim d sr ardized p ﬁs

2.5.1 Selectio Q l | §

Out e |n|t| SJ peée?s obtained in phase one, a wide range of
S
healthc iplings ,repr nted, encompassing various areas within the

“I

hea f|eld Nevertheless, a@éplcted in table 2.4, the majority of these papers were

\M/ cantered around ophthalmology education.

§‘



Table 2. 4 Selection Paper

Health care discipline

Child rehabilitation

Physiotherapy

Ophthalmology

Emergency medicine

Disaster medicine

Surgical
Psychiatry
Paramedic
b

Pharmacy

o .
Nursing (0 N\ i 2

| S
H dialysi u 1
aemodialysis \ = \é}b
Science Technology a"; N 2
Oth % ‘ § 1
ers :

‘v/f &

Not applicable 0

(—} ’ .r'\(j-)o
& -'Qf



2.5.2 Selection paper
In each review phase, the authors determined the specific healthca ipline

that each paper and associated research focused on. As shown in Tablg@ largest
proportion of studies in phase 1 (60%) centred around Ophthal Education,
followed by Surgical studies at 25%. The remaining disciplinew represented by
only one or two papers, resulting in Ophthalmology and S 'c@ies accounting for

nearly half of the phase 1 papers. The final selection fo ste aWre review

consisted of fifteen papers, which are listed below. ' C}
Y
.'
<

Table 2.5 Fmal% e}g\ é‘\v

Paper Title Year

publl \? &_\

(geitritz MA, Ziemssen
-

Critical evaluation of the

usability of augmented F, Suesskind D, Partsch

N
} i § M, Voykov B, Bartz-
F &

Schmidt KU, et al.

J(f
I/é‘ A‘Zi

reality ophthalmosco

the training
inexperienced e&}
Teaching bi \

;fphthalmology Rai AS, Rai AS,

Mavrikakis E, Lam WC

31



enabled optometry trainin

simulator

Construct and face validity | 2017 Ophthalmology | Chou J, Kosows?',
of the eyesi indirect Payal AR,(@ lez
ophthalmoscope simulator Gonzalezf&aly MK
Virtual reality-based | 2018 Ophthalmology Borgersei NJ, Skou
proficiency test in direct T@ AS, Konge L,
ophthalmoscopy rensen [TL, Subhi Y
An experimental training | 2017 Ophthalmolo
support framework for eye % U
fundus examination skill \3%
2 N
development \, '
N
A 3D virtual reality | 2017 Ophthalmolo
ophthalmoscopy trainer % \T Taylor L, Carruthers D
a o>
Towards a haptically phth Wei L, Najdovski Z,
I

Nahavandi S, Weisinger

H

High-performan(':gﬂ\'{tual
reality volumeﬁQe 0
a'cal )oher nc
tomo y poinf-

dah&anced with real-

original

Maloca PM, de Carvalho
JER, Heeren T, Hasler
PW, Mushtag F, Mon-

Williams M, et al

S
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visual field loss

Augmented reality fundus | 2001 Ophthalmology | Berger JW, Madja
biomicroscopy: a working %\
clinical prototype A
Objective assessment of | 2018 Science Goh RLR Kong YXG,
activity  limitation  in Technology linden C, Liu J,
glaucoma with smartphone 0 storl JG, Skalicky
virtual reality goggles: a SE .\d' \Y'
pilot study ' &
{ |, o

Simulator/On-road  Study | 2018 Oph ogy.| V] s JaKibler T,
G A t f \l W}\\ I & hling K
roup. greement 0 pel & ing K,
driving simulator and on- @ ei@ , Rosenstiel W
road driving performance c) \T ,‘\'\
o o 2

in patients with binocular Q-

I

Seeing other perspecti
evaluating the use

=S

and augmente

simulate

ctions: a study

aucomatous patients
normally  sighted

eople

Jones PR, Somoskedy T,
Chow-Wing-Bom  H,

Crabb DP

Ophthalmology

Dive S, Rouland JF,
Lenoble Q, Szaffarczyk
S, McKendrick AM,
Boucart M.
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Effect of glaucoma on eye | 2017 Ophthalmology | Lee SS, Black??
movement patterns and Wood JM.
laboratory-based  hazard )

detection ability

Three-dimensional digital | 2019 Ophthalmology Qlan Z, Eng H, Fan H,
visualization of

phacoemulsification  and Y'

intraocular lens

implantation , ‘\d‘ \‘{"'

’ ' §

2.6 Ophthalmoscopy Simulators \ \’
Six studies examined the effectiveness ed e:;\lty an e u |onaI tool for

ophthalmoscopy. The simulators used in e stu@* ded yeS| Augmented

Reality Direct (n=1) and Bln ndﬂ%ﬁ)

Additionally, two novel self |mula were ut d, namely the HTC Vive

Virtual Reality-Head- Mfunw&playin =1 nl tho. ECH 1l Virtual Reality-Head-

Mounted Display (n= 1) -‘éy
The efflc o e E LSl Bi ocula@lrect Ophthalmoscopy simulator was

op moscopy simulators.

imul or erformed those who underwent traditional

evaluated int mized tria Bbthé@dﬂes revealed that participants who received
training E eJ S

traini: ds
idity assessments Wg?e conducted in three studies to evaluate the EyeSi

N

lar Indirect Ophthalmoscopy simulator (n=2) and the EyeSi Binocular Direct

Ohthalmoscopy simulator (n=1) for training and assessment purposes. These studies
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demonstrated the existence of relationships with other variables as a form of
evidence and indicated that participants with more experience achieved @amly
higher scores in ophthalmoscopy evaluations. Content validity was ed in all
studies, while only one study assessed the internal structure by evaluating the internal
consistency between simulator modules. Additionally, o M examined the
consequences by determining pass or fail scores. r% '

Two user perception studies investigated the opinions jof I‘sttgsnts

regarding self-assembled virtual reality direct ophtha opy simu rsl '@sults

indicated that these simulators were perceived e andbenefiéial for proving

\ Y
A
a S
2.7 Optometry Training Sim q <?7-
Two research studi%inj %nig u eéxperience of an augmented
at

reality optometry sim% co:l sted/of la*léd-mounted display, a slit-lamp

’ 2 &
instrument, and @ted e,/ :
optometry training tasks. T

ophthalmoscopy skills.

=
O
4

simlﬁw enabled the simulation of various

nv@%d undergraduate optometry students and

o il

indicated th %’nula rsuc SS{J“ simulated the task of foreign body removal for
S

training4pu s. Furt e, thesuser studies reported a high level of satisfaction

ammg& participants regard@ﬁe simulator's feasibility and effectiveness.

N
N



2.8 Diagnostics (}Y
AN

A total of five studies examined the application of extepded reality in the

2.8.1 Overview

creation of immersive and interactive content for diagnostic p%oses. Among these,
two studies specifically assessed the utilization of ext ality i@?ng ocular

imaging data, while the remaining three studies f%\ investigati tkbe \/‘a}‘h;ﬂﬁ/ of
=

extended reality as a simulation tool for assessing“the func}io lity of paﬁents with
N

ophthalmic diseases. \S \ s‘?

\ *
- &
2.8.2 Ocular Imaging E 0}
“« Q-
The presentation of M imagin alitiegﬁ'f virtual reality (VR) and
\
augmented reality (ARtnvi ments was a: sised' 0 separate case series. Maloca
v

et al conducted a study t alua.Q eag‘ief}ldw of displaying optical coherence

tomography (Ocﬁbames u@rtual\ ity-head-mounted display (VR-HMD).

The study in@? p rtiﬁ%f!ndﬁ-g{er perception survey revealed that the VR
display@iﬁag‘e's as wel olgéé{j with minimal side-effects.
v’/

ther case serles,\Bg?ger et al demonstrated a method for directly

ey

0 ing photographic and angiographic fundus images onto a real-time slit lamp

>

Q us view. This technique was tested on five participants, and the study confirmed

feasibility of this approach.



2.9 Simulators for Functional Assessment Y'
Three research studies examined the application of extended reality si \s for
assessing the functional abilities of patients with ophthalmic diseases. | udy, Goh
et al conducted a trial using the Virtual Reality Glaucoma Visual Function Test, which
utilized a smartphone paired with the Google Cardboard head-moUmted display. The
study focused on assessing the visual function of gla Z%aze ts. The results

indicated that the scores obtained from stationary test individuals de criterion

. . .. 3
and convergent validity, establishing a relationshi her variab I _{-)
Another study conducted by Ungewiss pa% ssme@Gf driving

am atients with
glaucoma (n=10), hemianopia (nzl@ealthy Is @D). The findings

revealed that patients with hemi&ﬂ'a and %\a exﬁ}bited poorer driving
-}' y N,
performance compared to tha%y coﬂtrols 'nathezo' ing simulator, thereby

providing validity evidence ugh a rélationship W@er variables.

In a separate % Jonei‘ lt al t‘rlé usbof a head-mounted display was
&
evaluated to sim:@ual irr \hent in z&ucoma using both virtual reality and
augmented rea& e s

#
functional i rments associ

'cessf@/ replicated and objectively measured

d Wi

t
- - - \
inferior Xisual field 195 Ficanﬂé\greater impairments were observed compared to

simugm superior visual fieI@, aligning with the experiences of real patients with

mual impairments. Notably, when simulating

§a.
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2.10 Summary Yv

Although a wide range of ophthalmic applications of extended reali been
examined, our focus primarily centers around education, diagnostics, aﬂAgrapeutics.
In the field of education, simulators have proven effective and vald in enhancing

ophthalmoscopy skills. In the realm of diagnostics, exten N devices have

<

e
showcased potential in displaying ocular imaging data an essing the functionality

é-s

u rgical systems

- I
"X
have emerged as safe and efficient alternatives to conventional micr

0scopd s@y.
Research has demonstrated that prac%g, co% rt through

g variél’:qasks, yields
i tate@ﬂﬁs approach, and

of individuals with glaucoma. When it comes to therapeu heid{

multiple short training sessions, spaced OVW n
the most effective results. Simulati seatraining

numerous efficacy studies have Gﬁsted ha\ie%d ,@iity ophthalmoscopy
N,
simulators can enhance diagn%for rqspeam('? procedures. Simulation

rienced doctors, reducing

training appears particul \b&efi %
complications, and alé%;:erif‘led r'géti@rs who have had a hiatus in
performing proce;i&\g l \ %é}/

ses

0 copy(s-;%fulators have revealed improvements in

!
¢
both direct hdire oph alﬁo@ skills. However, compared to surgical

NN
simulatafs, ,ophthalmd ?imula& have not been widely adopted in ophthalmic

traim’ﬁlrricula. One possi@planation lies in the nature of the simulated task.

Xenced novices performing surgery pose a greater risk to patients, whereas

I E
3 almoscopy is relatively low-risk in terms of patient discomfort and time.

~—*




Therefore, the demand for surgical simulators with proven efficacy and vaIidityw
more critical than that for ophthalmoscopy simulators. (’}

In the field of diagnostics, the visualization of ocular imagi , such as
optical coherence tomography, fundus photography, and angiography \in virtual reality
and augmented reality environments can provide insights into tatraocular spatial
relationships and facilitate interactive exploration of im 'Yat: or educational,

disease understanding, clinical assessment, and therapeutic p pwrlile these

| | W
studies have shown proof-of-concept, further resea required efal_&&@ their

efficacy and accuracy for clinical use. Ex% rea% i tiongfﬁ\ve also
X .

demonstrated validity evidence and feas% obj

limitations and driving performanc patfents with

However, the scope of their applic{ﬁj ren\lmﬁ_l( te

of studies and sources of vali%ienc St @ng that extended reality

simulations may not fully }?forj

individuals with ophthalmi ases rely onfin
4 ’ &

The cost odeed @echnol ies remains a significant concern for
potential users. %con '201i\-.§'fmated that the EyeSi surgical simulator
¢

could save s@ge US opht Inﬁc GS}I ency program $4,980 per year in nonsupply
\

costs b%kti

me 8 ?the erating room, taking approximately 34 years to

rec simulator's cost. n‘@fer study from 2013 found that the nonsupply cost

@rom EyeSi usage were higher in larger residency programs but still insufficient

G oup costs within 10 years. However, these cost analyses do not compare extended
e

ality simulators with conventional methods of ophthalmic surgical training. Extended

d,uE\o the limited number
N
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reality surgical simulators have the advantage of simulating surgical scenariosw
otherwise impossible to replicate in a wet lab, such as specific types of@ts or
challenging anatomical conditions. These intangible cost savings in te dditional
supervision, staff resources, and scheduling could have implications{for ophthalmic
surgical education. Further comparative studies that provide tﬁypaﬁsons would

contribute to defining the role of extended reality simulato S gical training from a

cost perspective. .\d

oy
lications ulpz@g the
th% tha{@g surgical
N\ S,
denxfns ed ef and validity
in improving surgical performance. HM fore these'si ula@an be considered
competitive alternatives to traditior%hthal@;ggal a«.Ql g, two main barriers
N,
need to be addressed: cost and ti%!or hﬂh-qu ity co@?ative studies. Until these
issues are resolved, surgic@tor’ ikely @ supporting role in surgical
training programs, despi versatility a biﬁ@to provide quantitative feedback.
d &
In the realm of t QQ exteln ity éds-up surgical systems have gained

popularity in ophthalmic sur teratt!‘-%ﬁggests that these systems offer effective

¢

and safe vis %@Jn durin
\

applica%%ondﬂ 'p surge& mostly demonstrate proof-of-concept without

rob parative evidence. @(Jraging additional comparative studies with rigorous

Extended reality shows promise in various
limitations of the unalterable physical environ

education, extended reality surgical simulat

[<F)

%

!
ea'ur@.can the other hand, diagnostic and therapeutic

Xto obtain a high level of evidence would help explore the efficacy of extended

G ity in these various ophthalmic applications. As extended reality is still an emerging
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and therapy.

in ophthalmic education, diagnostics,

atives

altern



