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Figure 1: Support modalities guide through a novel ophthalmic procedure. Left: virtual operating room featuring a wall-mounted
task list for DTL and STLH. Top right: tool highlighting used in STLH to guide tool usage. Bottom right: a user performs an

implant insertion step of the protocol.

Abstract

In the ophthalmology domain, novice surgeons are trained on animal and artificial eyes to learn how to operate on
the millimetre scale. VR simulators promise to shift training to a controlled, risk-free environment. While high-end
VR simulators remain costly to deploy at scale, consumer-grade hardware is making VR simulation increasingly
accessible. Existing literature focuses on comparing VR simulators against traditional learning, leaving a gap in
guidance on designing effective in-simulator support. This paper compares three support modalities designed to
guide novice surgeons through an ophthalmic procedure in a custom-made VR simulator.

1. Introduction

A surgical operation requires extensive hands-on prac-
tice, which has traditionally been acquired through su-
pervised training and repeated exposure to real proce-
dures [MRWR12]. In ophthalmic surgery, the millimetre-
scale operative field demands highly precise instrument han-
dling at the limits of human motor control, leaving little
room for error [IDSN*22]. Virtual reality (VR) simulators
offer a risk-free, repeatable environment in which such skills
can be practiced and have already shown promise in medi-
cal education and ophthalmic training [GKK*25, BSG*24].
Although high-end simulators like EyeSi [SWH*99] remain
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prevalent, there has been a shift towards consumer-grade VR
solutions that enable wider deployment [ADM*24]. Surgical
training depends on hard-to-internalize text protocols or on
expert instruction that does not scale. With the increasing
availability of standalone headsets, virtual operating rooms
can instead embed interactive support modalities that struc-
ture and scaffold the learning process. Prior work shows VR
training works, but rarely examines how in-simulator guid-
ance modalities affect learning and performance. To address
this gap, we collaborated with ophthalmology experts and
developed a VR ophthalmic microsurgery simulator to com-
pare three representative guidance modalities, as they each
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feature elements shown to be effective for learning: a Dy-
namic Task List with automatic task tracking, a Static Task
List with visual highlighting of instruments, and a Voice-
Over that narrates the protocol in a step-by-step manner. Our
study examines how these modalities support lay users in
learning and executing a novel surgical procedure within the
immersive environment.

2. Support Modalities and Surgery Simulator

Support modalities denote the mechanisms by which the
simulator conveys procedural guidance during the operation,
with the goal of structuring the task, reducing cognitive load,
and providing timely cues without requiring a physically
present instructor. We focus on three representative modal-
ities that are practical to deploy on standalone VR headsets
and reflect common patterns in current training practice.

DTL: Dynamic Task List Checklist-style list of protocol
steps with automatic progress tracking, highlighting com-
pleted steps in green. This externalizes task progress and
has been associated with reduced cognitive load in com-
plex procedures [VMS10, Gaw(9].

STLH: Static Task List and Highlighting Checklist with-
out automatic tracking, supplemented by visual cues in
the scene that highlight the relevant instrument or re-
gion. Visual cues can improve instructional efficiency and
shorten learning time in multimedia settings [LA11].

VO: Voice-Over Auditory guidance verbally announcing
each protocol step, mimicking a supervising surgeon. In-
structions can be replayed on demand, allowing users to
progress without consulting a visual list.

To compare these modalities, we developed a VR oph-
thalmic simulator in Unreal Engine 5. The simulator approx-
imates surgical steps rather than modeling a fully realistic
operation, as the focus is on how users follow a novel pro-
cedure under different forms of guidance. A clinically ap-
proved rat-eye implant insertion protocol was decomposed
into discrete steps presented via the selected modality. In-
teraction followed standard VR conventions (grabbing and
toggling tools, manipulating instruments), and anatomical
models were upscaled relative to the real rat eye to enable
meaningful manipulation in the immersive environment.

3. User Study and Results

We conducted a between-subjects study with 22 participants
(13 male, 9 female; mean age: 23.4 years), with support
modality as the single independent variable. The sample
comprised STEM students, one medical student, and one re-
cent medical graduate, none of whom had prior exposure to
the simulator or the lens-removal procedure, with VR fa-
miliarity ranging from none to regular use. Outcome mea-
sures included protocol completion time, SUS, NASA-TLX,
discomfort ratings, and open-ended feedback. Detailed per-
condition means and standard deviations for all quantita-
tive measures are reported in Figure 2. The study ran on

z
g I
2 [101£26 T
S [95+11 —F—
S [133£18 [E——
= ! \ !
) 5 10 15 20
© T T T T

84 +5.0 —f—
o [81137 [ ! !
@ 78 +10.4 —

| | | ! !
40 50 60 70 80 90 100
T T T T
1 ]

X [5.0£19 ‘ ! : !
E 6025 [ : i
S 1
£ [60+34 f | i
z | | | !

0 2 4 6 8 10

o DTL = STLH = VO

Figure 2: Performance metrics: completion time in minutes
(less is better), SUS score (higher is better), and NASA TLX
score (less is better) for each support modality.

a Meta Quest 3 in tethered mode. Completion times aver-
aged about 11 minutes (SD = 3), with STLH fastest; us-
ability was high (M = 81) and workload moderate (M =
5), with DTL rated best on both usability and workload.
Only completion time differed significantly across modal-
ities (Kruskal-Wallis H(2) = 8.37, p = .015; VO slower
than DTL and STLH, Dunn’s post-hoc). Qualitative feed-
back was positive for both checklist-based conditions, high-
lighting clarity and perceived usefulness. The absence of
automatic task tracking in STLH was viewed as negative.
VO feedback was mixed: hands-free operation was valued,
but some struggled without a visual reference. A comple-
mentary session with a domain expert (checklist conditions
only) yielded completion times of 11:20 (DTL) and 5:01
(STLH), SUS 90, and NASA-TLX 3. They recommended
combining automatic task tracking with visual cues to pre-
serve workflow continuity and to support perception of pen-
etration depth into ocular tissues, which they identified as a
particular challenge for novice surgeons.

4. Conclusion and Future Work

Our study indicates that checklist-based support modalities
are generally perceived as more useful and usable than a
purely auditory alternative in a VR ophthalmic microsurgery
simulator. Integrating visual cues such as process and instru-
ment highlighting provides additional benefits by clarify-
ing procedural structure and supporting spatial understand-
ing. These findings suggest that VR-based surgical train-
ing should leverage dynamic, in-simulator features and cues
rather than relying on "classical" voice-only guidance. In the
future, we plan to integrate hybrid modalities, explore novel
support strategies, and validate their usefulness in larger co-
horts as well as more realistic training simulator scenarios.

© 2026 The Author(s). Proceedings published by Eurographics.



M. Zaitseva, D. Zal, P. Walter, T. Kuhlen, & T. Gerrits / Effective Guidance in Immersive, Simulation-based Ophthalmology Education

Acknowledgments

Funded under the Excellence Strategy of the Federal Gov-
ernment and the Linder and with support from the Ex-
ploratory Research Space (ERS) of RWTH.

References

[ADM*24] ANTAKI F., DOUCET C., MILAD D., GIGUERE C.-
E., OzELL B., HAMMAMII K.: Democratizing vitreoretinal
surgery training with a portable and affordable virtual reality sim-
ulator in the metaverse. Translational Vision Science & Technol-
ogy 13,4 (2024), 5-5. 1

[BSG*24] BANOUB R. G., SANGHVI H., GILL G. S., PARE-
DES A. A., BAINS H. K., PATEL A., AGARWAL A., GUPTA S.,
PAREDES IIT A. A., PATEL A.: Enhancing ophthalmic care: the
transformative potential of digital twins in healthcare. Cureus 16,
12 (2024). 1

[Gaw09] GAWANDE A.: The checklist manifesto: How to get
things right. 2

[GKK*25] GOSAVI A., KANNEGANTI A., KHOO E. T., SINGH
K., SHEN L., RAUFF M., L1u C., CHOOLANI M.: Virtual
reality simulation training for childbirth: A cluster randomized
crossover study. International Journal of Gynecology & Obstet-
rics (2025). 1

[IDSN*22] IORDACHITA I. I., DE SMET M. D., NAUS G., MIT-
SUISHI M., RIVIERE C. N.: Robotic assistance for intraocular
microsurgery: Challenges and perspectives. Proceedings of the
IEEE 110, 7 (2022), 893-908. 1

[LA11] LIN L., ATKINSON R. K.: Using animations and visual
cueing to support learning of scientific concepts and processes.
Computers & Education 56, 3 (2011), 650-658. 2

[MRWRI12] MAZINANI B. A., RAJENDRAM A., WALTER P.,
ROESSLER G. F.: Does surgical experience have an effect on
the success of retinal detachment surgery? Retina 32, 1 (2012),

32-37. 1
[SWH*99] ScHILL M. A., WAGNER C., HENNEN M., BEN-
DER H.-J., MANNER R.: Eyesi—a simulator for intra-

ocular surgery. In Medical Image Computing and Computer-
Assisted Intervention-MICCAI’99: Second International Confer-
ence, Cambridge, UK, September 19-22, 1999. Proceedings 2
(1999), Springer, pp. 1166-1174. 1

[VMS10] VAN MERRIENBOER J. J., SWELLER J.: Cognitive
load theory in health professional education: design principles
and strategies. Medical education 44, 1 (2010), 85-93. 2

© 2026 The Author(s). Proceedings published by Eurographics.



