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Summary
Purpose.  —  To  evaluate  the  influence  of  a  relatively  low-cost  fundoscopy  simulator,  the  Kyoto
Kagaku model  for  direct  ophthalmoscopy  (DO),  on  the  subjective  learning  experience  and
objective knowledge  gain  of  medical  students  at  Saarland  University  Medical  Centre,  Homburg,
Germany.
Methods. —  Medical  students  were  enrolled  in  a  physical  examination  course  on  ophthalmoscopy
and ophthalmoscopically  visible  pathologies.  The  course  consisted  of  a  theoretical  part,  an
Kyoto  Kagaku introduction  to  the  practical  basics  of  DO  using  the  Kyoto  Kagaku  fundoscopy  simulator,  and  a
mutual examination  of  real  eyes  (the  classical  DO  course).  They  filled  out  two  questionnaires  —
– one  on  their  subjective  learning  experience  immediately  after  the  course  and  another  on
objective clinical  knowledge  in  direct  ophthalmoscopy  (DO),  completed  before  the  start  of  DO
training and  one  week  later.
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Results.  —  The  medical  students  showed  a  significant  gain  in  knowledge  after  the  course  with
the Kyoto  Kagaku  fundoscopy  simulator  (P  <  0.001).  Specific  anatomical  structures  in  the  fundus
were significantly  more  often  identified  during  the  simulator  training  compared  to  the  classical
DO course  (P  <  0.001).  Forty-seven  percent  of  the  medical  students  preferred  a  simulator-based
course only,  23%  a  classical  DO  course  and  30%  a  combination  of  both.
Conclusion.  —  Simulator-based  training  is  a  valuable  tool  for  teaching  DO  skills  to  medical  stu-
dents (and  aspiring  resident  physicians).  Hands-on  courses  using  the  Kyoto  Kagaku  fundoscopy
simulator have  been  successful  in  increasing  medical  students’  interest  in  medical  simulation
and ophthalmology.  This  model,  known  for  its  relatively  low  cost,  is  a  good  immersive  tool  for
teaching the  basics  of  direct  fundoscopic  examination  and  various  retinal  pathologies.
© 2026  The  Authors.  Published  by  Elsevier  Masson  SAS.  This  is  an  open  access  article  under  the
CC BY  license  (http://creativecommons.org/licenses/by/4.0/).
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Résumé
Objectif.  —  Évaluer  l’influence  d’un  simulateur  de  rétinoscopie  relativement  peu  coûteux,  le
modèle Kyoto  Kagaku  pour  l’ophtalmoscopie  directe  (DO),  sur  l’expérience  d’apprentissage
subjective  et  l’acquisition  objective  de  connaissances  des  étudiants  en  médecine  du  centre
médical universitaire  de  la  Sarre,  à  Homburg,  en  Allemagne.
Méthodes.  —  Les  étudiants  en  médecine  ont  suivi  un  cours  d’examen  physique  sur
l’ophtalmoscopie  et  les  pathologies  visibles  à  l’ophtalmoscope.  Le  cours  comprenait  une  partie
théorique,  une  introduction  aux  bases  pratiques  de  la  DO  à  l’aide  du  simulateur  de  fundoscopie
Kyoto Kagaku  et  un  examen  mutuel  d’yeux  réels  (cours  classique  de  DO).  Ils  ont  rempli  deux
questionnaires  :  l’un  sur  leur  expérience  d’apprentissage  subjective  immédiatement  après  le
cours et  l’autre  sur  leurs  connaissances  cliniques  objectives  en  ophtalmoscopie  directe  (DO),
avant le  début  de  la  formation  en  DO  et  une  semaine  plus  tard.
Résultats.  — Les  étudiants  en  médecine  ont  montré  un  gain  significatif  de  connaissances  après
le cours  avec  le  simulateur  de  fundoscopie  Kyoto  Kagaku  (p  <  0,001).  Les  structures  anatomiques
spécifiques  du  fond  de  l’œil  ont  été  identifiées  significativement  plus  souvent  pendant  la  for-
mation sur  simulateur  que  pendant  le  cours  classique  sur  l’DO  (p  <  0,001).  Quarante-sept  pour
cent des  étudiants  en  médecine  ont  préféré  un  cours  basé  uniquement  sur  le  simulateur,  23  %
un cours  classique  sur  la  DO  et  30  %  une  combinaison  des  deux.
Conclusion.  —  La  formation  sur  simulateur  est  un  outil  précieux  pour  enseigner  les  compétences
en DO  aux  étudiants  en  médecine  (et  aux  futurs  médecins  résidents).  Les  cours  pratiques  utili-
sant le  simulateur  de  fundoscopie  Kyoto  Kagaku  ont  permis  d’accroître  l’intérêt  des  étudiants  en
médecine  pour  la  simulation  médicale  et  l’ophtalmologie.  Ce  modèle,  connu  pour  son  coût  rela-
tivement faible,  est  un  bon  outil  immersif  pour  enseigner  les  bases  de  l’examen  fundoscopique
direct et  diverses  pathologies  rétiniennes.
©  2026  Les  Auteurs.  Publié  par  Elsevier  Masson  SAS.  Cet  article  est  publié  en  Open  Access  sous
licence CC  BY  (http://creativecommons.org/licenses/by/4.0/).
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during  the  SBME.  This  role  can  be  performed  by  a  trai-
ned  instructor  or  by  a  complementary  web-based  progress
ntroduction

imulator-based  training  has  been  a  teaching  tool  for  over
 decade  in  aviation  and  aerospace  industries  and  is  now
idely  used  in  a  variety  of  high-risk  professions  and  dis-
iplines,  such  as  medicine  [1].  Simulator-based  medical
ducation  (SBME)  has  been  shown  to  be  a  useful  adjunct
o  surgical  training  in  ophthalmology  [2—6].  Multiple  studies
ave  demonstrated  the  effectiveness  of  simulation  in  the
eaching  of  basic  science  and  clinical  knowledge,  procedural
kills,  teamwork,  and  communication  as  well  as  assess-

ent  at  the  undergraduate  and  graduate  medical  education

evels  [7].
m
(

2

Several  key  roles  of  SBME  are  feedback,  skill  acquisi-
ion  and  maintenance,  and  transfer  to  practice.  Feedback
s  often  seen  as  the  primary  role  of  SBME,  as  its  purpose
s  to  improve  the  trainee’s  clinical  performance  and  skill
cquisition  [8].  Depending  on  the  complexity  of  the  device
sed  for  SBME,  the  feedback  comes  from  the  device  itself
autonomous,  independent  learning)  or  from  an  instructor
heteronomous,  dependent  learning).  The  primary  role  of
he  instructor  is  facilitating,  guiding  and  motivating  learners
onitoring  service  for  networked  simulators,  e.g.  VRmNet
Haag-Streit  Simulation,  Mannheim,  Germany)  [9].
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Figure 1. A frontal view of the s, showing the cogwheel at the
top of the head for adjusting the pupil size in three steps (2.0,
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Questionnaires
.5 and 5.0 mm) to increase or decrease the level of difficulty
www.kyotokagaku.com/en/products data/m82m82a).

Wu  et  al.  [10]  reported  that  medical  students,  resi-
ents  and  faculty  internists,  collectively  and  by  training
evel,  had  the  lowest  self-confidence  in  the  non-dilated
irect  fundoscopic  examination  using  an  ophthalmoscope
o  assess  retinal  vasculature.  They  suggested  that  the  low
elf-confidence  was  due  to  a  combination  of  two  factors:
ifficulty  to  master  the  examination  technique  and  that  the
xamination  should  be  performed  by  a  trained  professional  if
ecessary,  in  this  case,  an  ophthalmologist.  Meanwhile,  this
kill  is  difficult  to  teach  effectively  in  the  early  stages  and
o  guide  students  during  the  examination  as  tutors,  due  to
he  lack  of  a  screen  attached  to  the  direct  ophthalmoscope.

The  Kyoto  Kagaku  EYE  Examination  Simulator  (Kyoto
agaku  Co.  Ltd.,  Kyoto,  Japan)  (Fig.  1) is  a  simulator
esigned  to  train  medical  students  in  DO.  It  uses  two-
imensional  visualizations  of  fundoscopic  images  (both
ormal  and  pathological)  combined  with  an  adjustable  pupil
n  three  steps  (2.0,  3.5  and  5.0  mm)  to  increase  or  decrease
he  level  of  difficulty.  The  unit  has  one  display  for  each  eye,
hich  can  be  monitored  separately.  It  has  an  initial  set  of
ormal  and  pathological  fundus  photographs.  It  is  possible  to
dd  new  fundus  images  from  external  sources  (e.g.  own  cli-
ical  environment)  to  the  device  via  a  USB  connection.  The
im  of  this  study  is  to  evaluate  the  influence  of  a  relatively
ow-cost  fundoscopy  simulator,  the  Kyoto  Kagaku  model,  on
he  subjective  learning  experience  and  objective  knowledge
ain  of  medical  students.

aterials and methods

his  study  was  conducted  in  accordance  with  the  principles

f  the  Declaration  of  Helsinki  and  approved  by  the  Ethics
ommittee  of  the  Saarland  Medical  Association,  Germany
registration  number  94/22).
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articipants

 total  of  117  undergraduate  medical  students  from  the
aarland  University  Medical  Centre  (Homburg,  Saarland,
ermany)  were  recruited  for  this  study.  The  students  were
ivided  into  small  groups,  with  each  group  consisting  of  6-

 individuals,  to  enhance  teacher  and  student  interaction.
ll  participants  were  enrolled  in  the  same  direct  ophthal-
oscopy  (DO)  training  course  and  were  novice  learners  in

his  area.  The  DO  training  course  consisted  of  a  theoretical
art,  an  introduction  to  the  practical  basics  of  DO  using  the
yoto  Kagaku  fundoscopy  simulator,  and  an  examination  of
eal  eyes  on  each  other  with  dilated  pupils  (the  classical  DO
ourse).

heoretical training

he  training  began  with  theoretical  education  provided  by
he  same  instructors.  During  this  session,  the  instructors  dis-
ussed  the  anatomy  of  the  posterior  chamber  of  the  eye,
ocusing  on  important  structures  visible  through  fundoscopy.
dditionally,  the  students  were  instructed  in  the  systematic
ssessment  of  the  fundus  and  were  introduced  to  several
mportant  pathologies  with  their  typical  characteristics  and
athogenesis,  which  can  be  observed  during  funduscopic
xamination.

ractical training with Kyoto Kagaku
undoscopy simulator

fter  the  theoretical  training,  the  students  engaged  in  prac-
ical  training  using  the  Kyoto  Kagaku  fundoscopy  simulator.
uring  this  part,  two  Kyoto  Kagaku  fundoscopy  simulators
ere  available  to  the  small  group  of  students.  In  combi-
ation  with  a direct  handheld  ophthalmoscope  (Heine  Beta
00,  HEINE  Optotechnik  GmbH  &  Co.  KG,  Gilching,  Ger-
any),  this  simulator  allowed  the  students  to  practice  the

undamental  techniques  of  DO  and  to  gain  hands-on  expe-
ience  to  develop  their  skills  in  DO.  They  were  required
o  identify  different  anatomical  structures,  including  the
apilla,  macula,  and  the  four  main  vessel  arcades  (super-
or/inferior,  nasal/temporal).

lassic direct ophthalmoscopy course

ubsequently,  the  students  participated  in  a  classic  DO  class.
n  this  session,  two  students  from  each  group  underwent
ydriasis  on  one  eye,  with  one  student  having  their  right

ye  dilated  and  the  other  having  their  left  eye  dilated.  This
rrangement  allowed  the  students  to  practice  DO  on  each
ther  with  a  single  dilated  pupil,  and  also  gave  each  student
he  same  amount  of  time  during  the  classic  direct  ophthal-
oscopy  course  as  on  the  simulator.  The  primary  objective

f  this  course  was  to  enable  the  students  to  recognize  the
ame  anatomical  structures  they  had  learned  about  theo-
etically  and  by  using  the  Kyoto  Kagaku  model,  on  real-life
‘patients’’.
fter  the  completion  of  the  DO  training,  the  students
ere  asked  to  complete  two  questionnaires.  The  first  ques-

http://www.kyotokagaku.com/en/products_data/m82m82a
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Table  1  Objective  clinical  gain  of  knowledge.

Before  training,
correct  (%)

After  training,
correct  (%)

Mc Nemar

Questions  about  theory
1.  Difference  in  direct/indirect  ophthalmoscopy  50.4%  88.5%  P  <  0.001
2.  Direct  ophthalmoscopy  perceived  fundoscopic  image  35.4%  82.8%  P  <  0.001
3.  Contraindication  to  mydriatic  eye  drops  22.8%  85.2%  P  <  0.001
4.  Relevance  of  ophthalmoscopy  to  other  disciplines 92.9%  95.9%  P  =  1.00

Questions  about  pathology  with  fundus  photographs
5.  Central  toxoplasmosis  pigmented  chorioretinal  scar 40.9%  87.7%  P  <  0.001
6.  Glaucomatous  optic  nerve  atrophy 28.3%  74.6%  P  <  0.001
7.  Branch  retinal  vein  occlusion  34.6%  60.7%  P  =  0.004
8.  Dry  age-related  macular  degeneration  47.2%  84.4%  P  <  0.001
9.  Severe  non-proliferative  diabetic  retinopathy  32.3%  73.8%  P  <  0.001
10.  Papilledema  51.2%  89.3%  P  <  0.001

Mean  4.4  8.2  Wilcoxon
Median  4  9  P  <  0.001
Minimum  1  4
Maximum  9  10
Standard  deviation  (SD)  1.7  1.7
Lower  quartile  (Q1)  3  7
Upper  quartile  (Q3)  5  10
Interquartile  range  (IQR)  2  3

Two questionnaires about the objective clinical knowledge gained in ophthalmoscopy were filled out before the start of direct ophthal-
moscopy training and 1 week thereafter. Mc Nemar test was used to compare the results from both tests for each of the 10 questions in
the knowledge test individually. A Wilcoxon signed-rank test as a non-parametric test was performed to compare general results from
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both tests.

ionnaire  was  designed  to  assess  their  subjective  learning
xperience  (five-point  Likert  scale),  as  well  as  the  sub-
ective  identification  of  the  anatomical  structures  during
undoscopy  during  the  simulator  training  and  the  classic
O  course,  and  was  filled  out  shortly  after  the  course.  The
econd  questionnaire  aimed  to  evaluate  the  objective  clini-
al  knowledge  gained  in  DO.  This  questionnaire,  consisting  of
en  multiple-choice  questions  with  four  to  five  answer  pos-
ibilities,  was  completed  by  the  students  both  before  the
tart  of  the  DO  training  and  one  week  after  its  completion.

tatistical analysis

tatistical  analysis  was  performed  using  Excel  2021  (Micro-
oft  365,  Microsoft  Corp.,  Redmond,  WA),  and  a  significance
evel  of  P  <  0.05  was  adopted  to  determine  statistical  signi-
cance.  To  assess  the  overall  knowledge  gain,  a  Wilcoxon
igned-rank  test  as  a  non-parametric  test  was  performed  to
ompare  results  from  both  questionnaires.  The  Mc  Nemar
est  was  utilized  to  individually  calculate  the  p-values  for
ach  of  the  10  questions  in  the  knowledge  test.  In  addi-
ion,  the  Chi-Square  test  was  used  to  determine  if  there
as  a  significant  difference  in  the  recognition  of  anatomical

tructures  within  the  fundus.

esults
he  medical  students  showed  a  significant  (P  <  0.001,  Wil-
oxon  signed-rank  test)  gain  in  knowledge  of  the  fundoscopic
xamination  and  pathologies  after  the  completion  of  the

T
a
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ntire  course  (Table  1).  Based  on  our  results,  theoretical
uestion  number  4  about  the  relevance  of  ophthalmoscopy
or  different  medical  disciplines,  did  not  require  in-depth
rior  knowledge  to  be  answered  correctly.  The  specific  ana-
omical  structures  in  the  fundus  were  significantly  more
ften  subjectively  identified  (P  <  0.001,  chi-square  test)
uring  the  simulator  training  compared  to  the  classical  DO
ourse  (Table  2).  Students  seem  to  have  the  most  difficul-
ies  with  recognizing  the  macula  compared  to  the  optic  disc
nd  the  vessel  arcades.  Overall,  the  students  were  satisfied
ith  the  combination  of  both  the  simulator  and  classical
O  course  (Table  3).  A  lot  of  students  mentioned  having  an

nterest  in  simulator-based  training  as  a  part  of  their  medi-
al  training  and  in  technology  as  a  whole.  Although  not  many
tudents  showed  affection  for  ophthalmology  priorly,  the  DO
raining  was  able  to  awaken  more  enthusiasm  towards  the
iscipline  of  ophthalmology  (five-point  Likert  scale).  Addi-
ionally,  the  students  did  not  only  objectively  gain  more
nsight  into  (direct)  ophthalmoscopy  and  its  pathologies,  but
hey  also  subjectively  acknowledged  a  growth  in  knowledge
fter  the  course  (Table  3).  To  conclude  our  results,  47%  of  the
edical  students  preferred  a  simulator-based  course  only,

3%  a  classical  DO  course  and  30%  a  combination  of  both
Fig.  2).

iscussion
he  implementation  of  SBME  has  shown  promising  results
nd  offers  several  significant  advantages  [11,12].  One  of
he  most  crucial  factors  in  the  widespread  adoption  of
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Table  2  Subjective  recognition  of  anatomical  structures  simulator  versus  classic  direct  ophthalmology  training.

Identification  of  Simulator  Classic  P-value

Optic  disc  112  67  <  0.001
Macula  104  32  <  0.001
Nasal  superior  vessel  arcade  102  61  <  0.001
Temporal  superior  vessel  arcade  106  64  <  0.001
Nasal  inferior  vessel  arcade  100  44  <  0.001
Temporal  inferior  vessel  arcade 102  55  <  0.001
Total 116  116

The chi-square test was used to determine if there was a significant difference in the subjective recognition of anatomical structures
within the fundus comparing the simulator and the classic direct ophthalmoscopy training. One student did not complete the form, so
the total number of responses was 116 instead of 117. Bold characters: A total of 116 students responded to the questions.

Table  3  Subjective  rating  of  the  direct  ophthalmology  course.

Totally  agree  Agree  Partially  (dis)agree  Disagree  Totally  disagree  Total

I  am  satisfied  with  the  direct
ophthalmoscopy  training

67  49  1  0  0  117

I  am  interested  in  technology  23  42  40  12  0  117
I  would  prefer  more  simulator

training
42  47  24  4  0  117

I  was  already  particularly
interested  in  ophthalmology
prior  to  opthalmoscopy  training

3  2  24  67  21  117

I  was  not  interested  in
ophthalmology  prior  to  training,
but  i  am  now.

5  30  54  22  4  115

I  developed  an  understanding  of
the  principle  of  direct
ophthalmoscopy

49  61  7  0  0  117

I  have  improved  my  understanding
of  individual  ophthalmologic
disease  patterns

42  63  12  0  0  117

Rating:  Very  good  Good  Satisfactory  Sufficient  Inadequate  Unsatisfactory  Total

Training  73  42  1  0  0  0  116
Supervision  103  14  0  0  0  0  117

A questionnaire on the subjective learning experience (five-point Likert scale) and the subjective rating of the direct ophthalmoscopy
course (combination of simulator and classic) was filled out shortly after the course had ended. Two students did not respond to the
fifth question, and one did not rate the training itself.
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imulator-based  training  is  the  cost  of  simulator  material.
o  ensure  accessibility  to  a  broader  range  of  universities
nd  clinical  institutions,  it  is  imperative  to  develop  cost-
ffective  simulators  without  compromising  their  quality  and
ffectiveness.  By  addressing  the  cost  issue,  medical  edu-
ators  can  facilitate  the  integration  of  simulator-based
raining  into  the  standard  medical  curriculum,  giving  the
tudents  more  standardized  training  opportunities.

In  view  of  the  current  demographic  trends  and  the  rela-
ive  shortage  of  young  doctors  and  specialists,  the  quality  of
eaching  is  of  great  importance,  as  only  good,  high-quality

eaching  can  attract  students  and  trainees  to  ophthalmo-
ogy  and  ensure  the  training  of  our  future  ophthalmologists
13].  Particularly  in  a  technique  that  is  difficult  and  time-
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onsuming  to  master  such  as  direct  ophthalmoscopy,  an
utonomous  simulator  (independent  learning)  could  greatly
nhance  the  efficiency  of  training  medical  students  and  resi-
ents,  as  well  as  their  confidence  in  performing  physical
xaminations  [14—16]. Repeated  exposure  of  medical  stu-
ents  to  SBME  experiences  can  not  only  develop  a  sense
f  psychological  stability  and  confidence,  but  also  improve
heir  clinical  performance  [16,17].

The  modern  generation  of  medical  students  has  grown
p  surrounded  by  technology  and  is  naturally  more  incli-
ed  towards  utilizing  technological  tools  in  their  learning

rocess.  As  such,  this  presents  an  opportune  moment
o  incorporate  simulator-based  training  into  the  standard
edical  training  curriculum.  By  leveraging  students’  fami-
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igure 2. A questionnaire on the subjective learning experience
ompleted shortly after the course.

iarity  with  technology,  educators  can  enhance  engagement
nd  foster  more  effective  learning  experiences.

Simulator-based  training  has  already  demonstrated  its
alue  in  various  industries,  such  as  pilot  training,  and  has
lso  shown  promising  results  in  the  surgical  and  diagnostic
eld  of  ophthalmology  [1—6,18,19].  Our  results  have  indica-
ed  that  SBME  with  the  Kyoto  Kagaku  model  led  to  significant
nowledge  gain  and  greater  satisfaction  compared  to  the
tandard  DO  course.  This  emphasizes  the  potential  of  SBME
o  improve  medical  education  outcomes  and  enhance  clini-
al  skills.

One  of  the  key  advantages  of  SBME  is  the  elimination  of
he  need  for  real  patients  to  demonstrate  specific  patho-
ogies.  This  aspect  is  particularly  valuable  for  rare  cases,
here  real  patients  may  be  scarce  or  inaccessible.  By  utili-
ing  simulators,  students  can  be  exposed  to  a  wide  range  of
edical  scenarios,  preparing  them  for  the  challenges  they
ight  encounter  in  their  future  medical  practice.
Additionally,  SBME  in  ophthalmology  offers  several  prac-

ical  benefits.  Patients  and/or  students  who  play  patient,  no
onger  need  to  be  exposed  to  a  stressful  intense  light  during
undoscopy.  In  a  climate  where  patients  increasingly  worry
bout  students  and  residents  ‘‘practicing’’  on  them,  SBME
an  help  to  mitigate  this  trend  [7].  While  the  motivation
o  participate  and  acceptance  of  the  physical  examination
ourse  generally  appears  to  be  high  among  medical  stu-
ents,  willingness  to  be  examined  on  certain  parts  of  the
ody  varies,  depending  on  religion,  gender  and  examiner
20].  Furthermore,  the  use  of  mydriatic  agents,  which  can

ause  temporary  vision  impairment  and  restricts  patients
rom  driving,  becomes  unnecessary  when  using  simulators.

Howell  et  al.  [14]  reported  advantages  of  SBME  for  direct
phthalmoscopy  (DO)  using  Eyesi  direct  (Haag-Streit  Simula-
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6

on how the future direct ophthalmoscopy course should look was

ion,  Mannheim,  Germany),  including  improved  technique,
bility  to  localize  fundus  lesions,  and  increased  training  time
uring  SBME.  Furthermore,  Flockerzi  et  al.  [21]  observed
hat  medical  students’  skills  in  ophthalmoscopy  increased
nd  their  professional  interest  in  ophthalmology  was  arou-
ed  due  to  SBME  with  Eyesi  direct.  Rai  et  al.  [15]  also
eported  similar  benefits  of  SBME  for  binocular  indirect  oph-
halmoscopy  using  Eyesi  indirect  (Haag-Streit  Simulations,
annheim,  Germany)  compared  to  conventional  teaching  of
rst-year  residents.  SBME  reduces  the  need  for  the  patient
o  be  present,  without  causing  them  any  discomfort  (e.g.
xposure  to  light)  [7,22]. Both  simulators  have  a  screen  atta-
hed,  facilitating  tutors’  guidance.  The  use  of  simulators  can
rovide  a  cost-effective  and  safe  way  to  train  individuals  in
ertain  medical  skills  without  time  pressure  [22].

Incorporating  virtual  reality  (VR,  three-dimensional
isualization)  simulations  into  medical  education  holds  even
reater  promise  as  it  offers  a  more  immersive  and  interac-
ive  learning  experience.  VR  can  overcome  the  limitations
f  two-dimensional  visualization  and  provide  a  more  rea-
istic  simulation  of  medical  procedures,  further  enhancing
he  benefits  of  simulator-based  training.  In  addition,  more
ecent  simulators  have  built-in  feedback  systems  (auto-
omous,  independent  learning),  reducing  the  need  for  an
nstructor  to  be  present  during  training  sessions.  Howe-
er,  it  is  essential  to  acknowledge  that  the  integration  of
R  simulators  and  more  autonomous  simulators  comes  at  a
igher  cost.  This  higher  price  also  correlates  with  a  grea-
er  variety  of  training  applications  compared  to  the  Kyoto

agaku  fundoscopy  simulator,  e.g.  Eyesi  direct  offers  a  stan-
ardized  curriculum  from  training  in  instrument  handling,
ecognition  of  anatomical  structures  and  documentation
f  ophthalmoscopic  findings  to  a  wide  variety  of  clinical
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ases  supported  by  theoretical  background  guidance.  These
dvanced  simulators  could  provide  a  great  teaching  plat-
orm  for  ophthalmology  residents,  but  may  provide  too  much
etail  for  non-ophthalmology  medical  disciplines  that  also
se  direct  ophthalmoscopy  as  a  screening  tool.  Therefore,
he  Kyoto  Kagaku  simulator  could  provide  a  low-cost  training
n  the  basics  of  first-line  screening  to  non-ophthalmology
pecialists  as  well  as  to  beginning  ophthalmology  residents.
alancing  the  potential  benefits  and  cost  considerations  will
e  crucial  in  determining  the  feasibility  of  incorporating
autonomous  VR)  simulators  into  medical  education,  depen-
ing  on  the  medical  specialty.

onclusion

ands-on  DO  courses  using  the  Kyoto  Kagaku  fundoscopy
imulator  have  been  successful  in  increasing  medical  stu-
ents’  interest  in  SBME  and  ophthalmology,  as  well  as
chieving  a  significant  gain  in  knowledge  of  fundoscopic
kills  and  recognition  of  anatomical  structures  of  the  pos-
erior  chamber  of  the  eye,  and  its  pathologies.  This  model,
nown  for  its  relatively  low  cost,  is  a  good  immersive  tool
or  teaching  the  basics  of  direct  fundoscopic  examination
nd  various  ophthalmoscopically  visible  pathologies  (two-
imensional  visualization).  Therefore,  the  Kyoto  Kagaku
imulator  could  provide  a  low-cost  training  in  the  basics
f  first-line  screening  to  non-ophthalmology  specialists  as
ell  as  to  beginning  ophthalmology  residents.  SBME  has

he  potential  to  revolutionize  medical  education  by  offe-
ing  cost-effective  and  engaging  alternatives  to  traditional
ethods.  Addressing  cost  concerns  and  exploring  the  pos-

ibilities  of  virtual  reality  simulations  will  be  pivotal  in
aximizing  the  benefits  of  simulator-based  training  in  the
edical  field.  Although  there  are  still  challenges  to  over-

ome,  such  as  accessibility  and  cost  of  advanced  simulators,
he  future  of  simulator-based  training  in  ophthalmology
ooks  promising.

essons for practice

.  Kyoto  Kagaku  fundoscopy  simulator  success:  the  Kyoto
agaku  EYE  Examination  Simulator,  a  cost-effective  tool,
ignificantly  improves  students’  subjective  learning  and
bjective  clinical  knowledge  in  direct  ophthalmoscopy.
ncorporating  virtual  reality  (VR,  three-dimensional  visua-
ization)  simulations  into  medical  education  holds  even
reater  potential  as  it  offers  a  more  immersive  and  inter-
ctive  learning  experience.

2.  SMBE’s  essential  role:  simulator-based  training  is
rucial  in  medical  education,  offering  feedback,  skill
cquisition,  and  knowledge  transfer  to  enhance  clinical  per-
ormance  and  self-confidence.
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