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ABSTRACT

Ophthalmoscopy is a required clinical skill which is difficult to learn. This paper describes the
development of a VR ophthalmoscopy app to support learning of this skill. It was developed using
the Unity game engine, Google Cardboard™ and smart phone. Forty-eight clinicians agreed to
evaluate it for system usability (SUS), technology acceptance and knowledge acquisition (pre and
post quizzes). Twenty-seven volunteers undertook the quiz. Mean scores improved by all (6.3+1.5
to 84+0.8 p<0.001); medical students (6.2+1.5 to 8.5+0.9 p<0.001 n:20); doctors (6.4+1.5 to
8.3+0.8 p<0.05 n:7). Overall, SUS was 74+ 11 (n:33), medical students rating 72+ 12 (n:20) and
doctors 77+9 (n:13). Forty-eight volunteers provided feedback on technology acceptance. All
highly rated its ease of use and how it improved their confidence in being able to perform this
diagnostic procedure. Regression analyses emphasized the importance of usability, ability to per-
form the task and ease of use as predictors of success. Ninety percent of users felt that this type
of technology would benefit their clinical training but should not replace other forms of teaching.
Owing to the lack of technical-focused development frameworks this study also defines an appro-
priate framework that ensures clinicians are central to the process.
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1. Introduction

Medical education requires constant innovation to keep pace
with the demands of clinical practice. This has seen a move
away from traditional rote classroom teaching to newer forms
of learning that are more reflective of the experience trainees
will encounter in clinical practice. Simulations are a key com-
ponent of this and form one of The General Medical Council
three levels of competencies for newly qualified doctors
(General Medical Council, 2019). If they are well designed,
they are ideal for providing real time feedback on the users’
performance, an approach that is beneficial to the knowledge,
skills, and behaviour of medical students (Cook et al., 2011).
Simulations can take various forms including interaction with
physical manikins, patient actors or be computer-based.
Virtual reality naturally lends itself to a range of clinical
skills whereby the users interact with realistic scenarios in
computer generated worlds. By digitally recreating patient
interactions both financial cost and physical space require-
ments can be lowered as there is no need for large high-cost
training centres with specialised medical equipment, actors
to portray patients, teaching staff, and physical space (Pottle,
2019; Zendejas et al., 2013). They also offer the advantages
that they are easily and consistently repeatable, meaning that

students can learn from their mistakes and apply new know-
ledge to the same situation (Pottle, 2019).

There are many important clinical skills required by the
GMC (2019) that can benefit from computer-based simula-
tion. One important example is how to perform examina-
tions of the back of the eye (ophthalmology). Direct
ophthalmoscopy is the only tool available to non-ophthal-
mologic physicians to do this as a way of providing essential
information for guiding clinical decision-making and subse-
quently has an impact on patient outcomes (MacKay et al,,
2015). The GMC (2019) requires that all medical students
can perform this skill and identify common abnormalities.
However, ophthalmology is difficult to master and requires
significant practice to reach the level of competence
required. In the UK, ophthalmology is normally taught dur-
ing a clinical placement where students learn by lectures
and shadow experienced ophthalmologists. Unfortunately,
this approach does not give students much opportunity to
learn by working with actual patients as the clinics and
senior staff are often very busy. These limitations were
exemplified in a UK national survey of junior doctors who
were working in emergency departments. It found that only
6% of them had confidence in dealing with ophthalmic cases
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(Sim et al., 2020). Developing measures to tackle this issue
presents a significant modern clinical challenge (Biousse
et al,, 2018; MacKay et al., 2015).

Apart from the need for high quality clinically accurate
computer-based simulations a framework for their system-
atic development and evaluation is required too. The NHS
has specific guidelines for commissioning technology
enhanced learning that requires all technologies to be
patient-centred and service driven. They need to be educa-
tionally coherent, innovative and evidence based, deliver
high quality educational outcomes (impact) and value for
money whilst ensuring equity of access and quality of provi-
sion (Department of Health, 2011; Health Education
England, 2016).

The limited information on development and evaluation
processes for computer-based clinical simulation is high-
lighted in a review by Olszewski and Wolbrink (2017). They
identified that studies often only explained clinical or educa-
tional frameworks rather than the technical aspects of the
development. In other words, current software development
frameworks for clinical computer-based simulations are not
service-driven. As a result, these authors propose a three-
phase iterative framework which comprises a preparation
and design stage, a development phase and formative evalu-
ations. This framework addresses the lack of technical focus
in current software development frameworks for clinical
computer-based simulations. The latter relying on evaluation
using “Think Aloud Protocol’ and the System Usability Scale
(SUS) (Brooke, 1996). This framework provides a basis for
the development of clinical computer-based simulations but
there is still a need for a more comprehensive approach that
covers definition of requirements, implementation, and
more formal evaluation methods. These evaluations should
measure improvements in the understanding of the clinical
skill, the ability to repeatedly perform it correctly as well as
assess the users’ self-belief in their ability to perform the
task on patients in future.

In medicine the randomised controlled trial is the gold
standard evaluation method for clinical treatments. These
can be time consuming to organise and conduct. By the
time they have been conducted the technology used may
well be dated. Therefore, there is a need for evaluations
which are acceptable and credible but quick to perform in
clinical settings, where time to conduct evaluations is lim-
ited. The SUS (Brooke, 1996) provides a quick method for
assessing usability, whereas the Technology Acceptance
Model (Davis, 1989) assesses perceived ease of use, useful-
ness, and behavioural intent. The latter focuses on system
development so its statements are not necessarily relevant to
virtual reality educational tools. Pre-post tests are a standard
way of evaluating knowledge acquisition. A combination of
all three offers a quick but comprehensive insight into the
effectiveness of a computer-based clinical simulation.

This paper is structured around three main themes i)
description of the development of the ophthalmology train-
ing simulation ii) its evaluation and the investigation of
common human factors which may affect its acceptance and

adoption iii) description of the development process used to
make the simulation.

2. Methods
2.1. Requirements gathering and specifications

Requirements for the app were gathered from the clinical
teaching teams at Sandwell and West Birmingham NHS
Trust (UK). The outcome was that it must:

e Be an intermediary teaching tool bridging a gap between
the theory behind performing this diagnostic skill and
using the actual ophthalmoscope with people.

e Teach the correct systematic processes needed for exam-
ining the back of the eye.

e Users must be able to distinguish between normal eyes
and those with pathologies.

e Be inexpensive.

2.2. Ethics

Ethics approval was reviewed by Birmingham City University
(UK) for permission to work with its staff during the evalu-
ation process. The type of survey used to evaluate the oph-
thalmology app is standard practice at Sandwell and West
Birmingham NHS Trust (UK), when gathering views on
novel approaches to learning and teaching. It would not be
expected to be placed before the NHS Trust’s ethics commit-
tee, but the medical school knew of the project.

2.3. Design

During discussions with the clinical teams the ophthalmol-
ogy app was designed to have a series of levels which pro-
gressively introduce the user to the key elements of
ophthalmology. These include a tutorial level which teaches
how to use the app, one to teach how to correctly locate the
red reflex, and levels that teach retinal navigation and path-
ologies as well as a final quiz to test the users’ diagnostic
skills (Figure 1). Gamification (Deterding et al., 2011) was
incorporated to give the user feedback reinforcing to them
that they are correctly performing the task. Examples
include when the user correctly locates the the red reflex or
they successfully navigate each of the four quadrants of the
retina and correctly identify the optic disc. These are all
rewarded with a score. Successfully completing all activities
within each level results in a virtual badge as does success-
fully completing all levels. In the quiz section the user must
correctly answer eight questions, which are then scored rela-
tive to the time taken to answer them. Based upon this score
the user is awarded a virtual badge of achievement in the
form of either a bronze, silver or gold virtual ophthalmo-
scope. The process is not linear as once a level has been
completed the user can retake it to consolidate their learn-
ing. More detail on the app, its levels and use of gamifica-
tion has been previously discussed (Wilson et al., 2017a,
2017b).
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@ Pull to continue...

Pull for next eye

Haemorrhage can be identified by dark red patches

Correct Answer: Haemorrhage

Figure 1. Examples of the VR app and educational scenes [A] app, phone and Google Cardboard™, [B] red reflex, [C] haemorrhage and [D] quiz.

2.3.1. Development and testing

2.3.2. Proof of concept

Using rapid application development (RAD) (Martin, 1991)
a proof of concept/minimal viable product (MVP) was cre-
ated to help focus discussions on the app’s functionality. As
the app was to be inexpensive it was developed using the
Unity Game Engine (2019.4.2f1), Google Cardboard™ (v1)
and a smartphone (Samsung Galaxy S6). To ensure its clin-
ical accuracy images of the retina and the written narratives
that explained the eye were supplied by clinical experts from
the NHS Trust. A custom-built text-to-speech conversion
program (Visual Studio 2015 and C#) was used to create the
audio narration from these written narratives. Once the
MVP was created formative feedback on its design, usability
issues and adjustments to its clinical accuracy were given by
the clinical teams.

2.3.3. Internal functional testing and user experience

An iterative development process was then used to systemat-
ically refine any issues associated with usability, user experi-
ence and functionality. Eight members of staff in the Faculty
of Computing, Engineering and the Built Environment
(Birmingham City University, UK) who had no previous
experience of using VR and did not have a medical back-
ground were asked to provide formative feedback on it.
Items where feedback was requested included its ease of use,
determining whether the tutorial was explanatory to them,
the quality of feedback given in the app, and how long it
took them to complete the program. They were also asked
to identify any problems with the app’s functionality. Of
these eight users who evaluated the app, seven of them felt
that it was easy to use giving it an average rating of 4.4/5.
All felt the tutorial level was clear; it helped them under-
stand how to use it, as well as showing them how to under-
take the simulated diagnostic procedure. All testers

successfully worked through all the levels with a mean time
to completion of 7.4 + 3.1 minutes.

2.3.4. Evaluation

The evaluation was conducted on two separate occasions at
City Hospital, Sandwell and West Birmingham NHS Trust
(UK). A convenience sample totalling 48 clinical volunteers
agreed to participate in the studies. The initial cohort com-
prising 15 medical students were asked to answer statements
based upon an adapted version of Technology Acceptance
Model (TAM)(Davis, 1989). Based upon the observations
and feedback from that group the second cohort comprising
both doctors and medical students (n=33) were asked to
additionally complete the System Usability Scale (SUS)
(Brooke, 1996) and undertake a knowledge quiz. Factors
that may influence their engagement with the app were also
collected. This included self-reported views on their digital
literacy, video gaming habits, prior experience of using VR
educational apps and enthusiasm for using technology in
their medical education. Informal focus groups were con-
ducted to gain the participants responses on what they liked
and disliked about the app; how the app compared as a
learning tool to the EYE Exam Simulator and areas where
they felt VR would have positive application to their
education.

All the medical students had previous ophthalmoscopy
teaching in the form of a practical consultant-led session
earlier in the academic term (in the previous year for 4th
year). During the clinical skills sessions, students used the
app and also had access to the EYE Exam Simulator (Kyoto
Kagaku Co. Ltd., Kyoto, Japan). This is a model of a head
where slides with different pathologies of the eye can be
inserted, and students then use a direct ophthalmoscope to
practice looking into the eye as they would a real patient.
Prior to using the app the medical students completed a 10-
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point quiz to assess their prior knowledge of eye related
anatomy and pathology. They repeated the quiz again after
using the app. All questions were based on topics covered
within the app and assessed students on their basic anatomy,
recognition of pathologies and the clinical relevance of these
findings. The questions were organised as follows:

1. Medical students were shown an image of a normal ret-
ina and asked to identify the macula and the optic disc.
A point was awarded for correctly identifying each of
them.

2. The second question showed three different pathologies
and required their correct identification.
a. Papilloedema
b. Blot haemorrhages
c. Cotton wool spots

Students were requested to establish the diagnosis with a
point for each correct answer as follows:

3. Identify features associated with hypertensive retinop-
athy. They were given ten pathology descriptors and
were asked to choose the correct three. A point awarded
for each correct answer.

4. State the clinical relevance of papilloedema with a point
awarded for correctly identifying that it was a sign of
raised intra-cranial pressure.

5. Identify the clinical significance of an absent red reflex
and a point would be awarded for answering with
cataracts.

3. Data analyses

The following analyses were conducted:

A description of the profile of the participants.
Analysis of responses to the SUS. Data are combined
into agree/strongly agree with the positive SUS state-
ments and disagree/strongly disagree with negative SUS
statements (Table 1). Mean + SD are presented.

e Analysis of responses to questions based upon those used
in the TAM (TA) (Table 2). Data are combined into
agree/strongly agree with the statements. Mean+SD are
presented.

e Both responses to individual SUS and technology accept-
ance statements were compared to the volunteers self-
reported ratings for their digital literacy, video gaming
habits, prior experience of using a virtual education app,

Table 1. SUS statements.

enthusiasm for learning new technology in clinical skills
training, age and gender. Data are presented as mean + SD
of responses on 5-point Likert scale (5- strongly agree, 4-
agree, 3- neutral, 2-disagree and 1- strongly disagree).
Normality of the data was assessed using the Anderson-
Darling test. Between group comparison of responses to
individual SUS and TA statements were conducted using
unpaired T-Test for two groups or one-way Anova for
multiple groups. Intra-group comparisons of the individ-
ual SUS and TA statements were conducted using one-way
ANOVA with Tukey post comparison. Given the small
number of individuals in particular subgroups only main
effects could be analysed.

e Analyses of results from the pre - post test knowledge
quiz were conducted using a paired Student T-Test.

e In order to measure the components that influence the
acceptance of use of VR in medical education, linear
regression analysis was used.

4, Results
4.1. Participant profiles

Of the forty-eight volunteers who agreed to participate
thirty-five were medicals students and thirteen were quali-
fied doctors. Of those that agreed to supply the information
twenty medical students (8 male and 12 female) and thirteen
qualified doctors (5 male and 8 female) were in the age
range 18-27 years with four over the age of 27.

When asked to rate their digital literacy, video game
playing habits, prior experience of using VR education apps
and enthusiasm for learning new technology in clinical skills
training, thirty-three participants responded to the questions
as follows:

Twenty-three (12 medical students and 11 doctors) con-
sidered their digital literacy skills to be strong or very
strong, seven (5 medical students and 2 doctors) were neu-
tral and three medical students considered themselves to be
weak. In terms of their video game playing habits, eighteen
(14 medical students and 4 doctors) had never played them,
eight (4 medical students and 4 doctors) played less than
monthly and seven (3 medical students and 4 doctors)
played more than monthly. When asked about their previ-
ous experience of using a VR education app four (3 medical
students and one doctor) said they had. Twenty-nine had no
prior experience. Three (medical students) were neutral on
their enthusiasm for learning new technology in clinical
skills training and thirty agreed/strongly agreed with the
statement (17 medical students 13 doctors).

Positive

Negative

S1. | think | would like to use this technology frequently
S3. | thought that the technology was easy to use

S5. | found the various functions were well integrated

S7. 1 would imagine most people would learn to use this technology very
quickly

S9. | felt very confident using the technology

S2. | found the technology unnecessarily complex

S4. | think that | would need support of a technical person to use this
technology

S6. | thought there was too much inconsistency in this technology

S8. | found this technology to be cumbersome/awkward to use

S$10. | needed to learn a lot of things before | could get going with this
technology
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Ability to Perform Task

Ease of Use

T1. The app improves my understanding of the processes involved in ophthalmoscopy T5. Learning to use the app would be easy for me

T2. The app improves my ability to identify the main landmarks in the eye
T3. The app improves my ability to recognise abnormalities within the eye

T4. The app will give me the confidence to perform this task on a person in future

T6. | would find it easy to control the app so it will do what | want it to
T7. 1 would find it easy to understand how to use the app in future
T8. Overall | find it easy to use the app

4.2. System Usability and technology acceptance

4.2.1. Overall cohort responses

Thirty-three people (20 medical students and 13 doctors)
provided feedback on the system’s usability using SUS. The
overall SUS value of this cohort was 74+11 (good) with
medical students rating it as 72+ 12 (good) and the doctors
as 77+ 9 (good). There was no significant difference between
the two groups.

SUS was also broken down into positive and negative
statements. The order of agreement with the positive SUS
statements for all respondents (n:33) was as follows: S7. ‘I
would imagine that most people would learn to use this
technology very quickly’ (n:33 100%), S5. ‘I found the vari-
ous functions in this technology were well integrated’ (n:29
88%), S3. ‘T thought this technology was easy to use’ (n:28
85%), S9. T felt very confident using this technology’ (n:25
76%). The lowest ranked statement was S1. ‘I think I would
like to use this technology frequently’ (n:22 67%).

Respondents (n:33) were statistically more likely to agree
with the positive statements: S7. ‘T would imagine most peo-
ple would learn to use this technology very quickly’ (4.3 +0.8)
compared to S1. ‘I think I would like to use this technology
frequently’ (3.8+0.6: p<0.01) and S9. T felt very confident
using the technology’ (3.6+0.8: p <0.001). They were also
statistically (p <0.05) more likely to agree with the state-
ment S3. I thought that the technology was easy to use’
(4.1£0.8: p<0.05) compared to S9.7I felt very confident using
the technology’ (3.6 £0.8).

When doctors’” responses to medical students were com-
pared there were no statistically significant differences
between the responses given to the positive statements
between either group. Within group comparisons showed
that medical students were statistically (p < 0.05) more likely
to agree with the positive statements S7.” I would imagine
most people would learn to use this technology very quickly’
(4.4+0.5) than either S1. °I think I would like to use this
technology frequently’ (3.7 +0.5 n:20) and S9.” I felt very con-
fident using the technology’ (3.7 £0.8). There were no statis-
tically significant differences between any of the individual
positive statements from the doctors.

The order to which the respondents (n:33) disagreed with
the negative SUS statements were: S10. ‘I needed to learn a
lot of things before I could get going with this technology’
(n:30 91%), S6. ‘I thought there was too much inconsistency
in this technology’ (n:29 88%), S2. I found this technology
unnecessarily complex’ (n:25 76%), S8. ‘I found this technol-
ogy to be cumbersome/awkward to use (n:21 63%). The
number of respondents were equally split on S4. I think
that I would need support of a technical person to use this
technology’ (all n:17 51%).

Respondents (n:33) were statistically more likely to dis-
agree with the following statements: S2. ‘I found the technol-
ogy unnecessarily complex’ (1.9£0.8: p <0.05), S6. I thought
there was too much inconsistency in this technology’
(1.9+0.7: p<0.05) and S10. ‘I needed to learn a lot of things
before I could get going with this technology’ (1.8+0.6:
p <0.01) when compared to S4. ‘I think that I would need
support of a technical person to use this technology’
(2.6+1.2).

Doctors (n:13) and medical students (n:20) responses to
the negative statements were compared. Within the doctors’
group there were no statistically significant differences in
their responses to any of the positive or negative statements.
Medical students were more likely to agree with the state-
ment S7. ‘I would imagine most people would learn to use
this technology very quickly’ than S1. ‘I think I would like to
use this technology frequently’ (3.7 +0.5: p <0.05) and S9. ‘I
felt very confident using the technology’ (3.7+0.8: p <0.05).
There were no statistically significant differences between
any of the negative statements by the medical students.

When all respondents (n:48) were considered, those ques-
tions associated with technology acceptance including better
ability to perform the tasks were ranked in the order: T3.
‘The app improves my ability to recognise abnormalities
within the eye’ (n:46 96%), T2. ‘The app improves my ability
to identify the main landmarks in the eye’ (n:45 94%), T1.
“The app improves my understanding of the processes involved
in ophthalmoscopy’ (n:43 90%), and T4. ‘The app will give
me the confidence to perform this task on a person in future’
(n:38 79%).

When all respondents were considered, those questions
associated with the ease of use of the app the statements
were ranked in the order: T5. ‘Learning to use the app would
be easy for me (n:44 92%), T7. ‘I would find it easy to
understand how to use the app in future’ (n:44 92%), T6. ‘I
would find it easy to control the app so it will do what I
want it to’ (n:40 83%), and T8. ‘Overall I find it easy to use
the app’ (n:40 75%).

There were no significant differences in responses to any
of the statements associated with their ability to perform the
task and ease of use between the doctors and medical stu-
dents or within either group.

4.2.2. Breakdown by digital literacy

Responses to SUS were compared to digital literacy based
upon an individual’s self-reported score of weak (n:3), neu-
tral (n:7) and strong/very strong (n:23). The overall SUS rat-
ings (weak: 61+6 acceptable, neutral: 65+12
acceptable and strong/very strong: 78 +9 good). There was a
significant difference between weak and strong (p < 0.05)
and neutral and strong (p < 0.01) SUS scores.

were
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Comparing agreement with positive statements: Those
with strong/very strong skills were significantly (4.4+0.7:
p <0.05) more likely to agree with the statement S3. ‘I
thought this technology was easy to use’ compared to weak
digital literacy skills (3.3 +0.6). Those with strong digital lit-
eracy skills were also significantly (4.1+0.5: p <0.001) more
likely to agree with the statement S9. ‘I felt very confident
using this technology’ than those who were neutral
(3.0£0.8).

There were no statistically significant differences between
the responses to positive statements within either the strong
or weak groups. There was a statistically significant differ-
ence (p <0.05) between the responses to the positive state-
ment in the neutral group S7. ‘I would imagine most people
would learn to use this technology very quickly’ (4.3+0.5)
and S9. I felt very confident using the technology’ (neutral
3.0+0.8)

Comparing disagreement with negative statements: Those
with both strong/very strong (1.7+0.5: p <0.001) and neu-
tral skills (2.0+0.8: p<0.001) were significantly more likely
to disagree with the statement S10. ‘I needed to learn a lot of
things before I could get going with this technology’ compared
to those with weak digital literacy skills. Those with strong
digital literacy skills were significantly more likely (1.6 +0.7:
p<0.001) to disagree with the statement S2. ‘I found this
technology unnecessarily complex’ compared to those with
weak digital literacy skills (3.0 +0.0).

Within group comparisons showed that in the weak
group there was a statistically significant (p < 0.05) differ-
ence between their responses to the statements S6. ‘I thought
there was too much inconsistency in this technology’
(2.0+£0.0) and S10. ‘I needed to learn a lot of things before I
could get going with this technology’ (4.3+0.6) (p <0.05). In
the neural group there were statistically significant (p < 0.05)
difference between the statements S10. ‘I needed to learn a
lot of things before I could get going with this technology’
(2.0+0.8) and S4. T think that I would need support of a
technical person to use this technology’ (3.4 +£0.8).

There were no significant differences between the groups
for statements associated with their ability to perform the
task. However, there were significant differences found
between weak (3.7+0.6: p<0.05), neutral (3.7+0.5:
p<0.01) and strong groups (4.5+0.5) for T5 ‘Learning to
use the app would be easy for me. Weak and strong
(3.3+£0.6 vs 42+£0.4 p<0.05) as well as neutral and strong
(3.4+0.5 vs 4.2+0.4: p<0.001) for T6 ‘I would find it easy
to control the app so it will do what I want it to’.

There were no statistically significant differences within
any of the groups for any of the ability to perform tasks or
ease of use statements.

4.2.3. Breakdown by gaming habits

Responses to SUS were compared to gaming habits based
upon an individual’s self-report of never played them (n:18),
played monthly or less (n:8) or more than monthly (n:7).
The overall SUS ratings were (never: 69+11 acceptable,
monthly, or less: 77+ 9 good and more than monthly: 83 +9
good). There was a significant difference (p <0.05) in the

SUS scores between never playing video games and those
that played more than monthly.

Comparing agreement with positive statements: These
was a significant difference (p <0.01) between those that
never played video games (3.5+0.5) and those that played
monthly or more (4.4+0.5) to the statement S1. ‘I think I
would like to use this technology frequently. There were no
statistically significant differences between any of the state-
ments for the less than or more then monthly gaming
groups. There were statistically significant differences
between statements S1. ’I think I would like to use this tech-
nology frequently’ (3.5+0.5) and S9. I felt very confident
using the technology’ (3.5+0.7) with S7. ‘I would imagine
most people would learn to use this technology very quickly’
(43+0.5: p<0.05).

Comparing disagreement with negative statements: There
were no statistically significant differences between or within
any of the group’s responses to negative statements.

When considering gaming habits there were no signifi-
cant differences between the groups for statements associ-
ated with their ability to perform the task. There were
significant differences (p < 0.05) between those who never
played video games (4.1+0.5) and those that played
monthly or more (4.9+0.4) in the statement T5. ‘Learning
to use the app would be easy for me.” There were significant
differences (p < 0.05) between those who never played video
games (4.1+£0.5) and those that played monthly or more
(4.7£0.5) in the statement T7. ‘I would find it easy to under-
stand how to use the app in future’.

There were no statistically significant differences within
the groups to any of the statements associated with the abil-
ity to perform tasks or ease of use statements.

4.2.4. Prior experience of using a virtual education app
Responses to SUS and TA were compared to respondents’
prior experience of using virtual educational apps. Four had
previously used them (80+5 good) and 29 had not (73 £ 12
good). There were no significant differences between these
two groups in their SUS scores. When comparing the order
of agreement with both the positive and negative statements
between those with and without prior experience of VR edu-
cation apps there were no significant differences in the
responses between the two groups.

Within group analysis for those who had not used VR
educational apps showed a statistically significant difference
between the positive statement S7. ‘I would imagine most
people would learn to use this technology very quickly’
(4.3+0.5) when compared to both S1. ‘I think I would like
to use this technology frequently’ (3.7 £0.6: p <0.01) and S9.
T felt very confident using the technology’ (3.8+0.7:
p<0.05). There were no significant differences between
each of the positive statements for those that had previously
used VR educational apps.

There were no significant differences between any of the
negative statements for those who had not used VR educa-
tional apps before. Those that had used apps before were
statistically (p < 0.05) more likely to disagree with the state-
ments S2. I found the technology unnecessarily



complex‘(1.3+0.5), S6. ‘I thought there was too much incon-
sistency in this technology’ (2.0+0.8) and S10. ‘I needed to
learn a lot of things before I could get going with this technol-
ogy’ (2.0+0.0) when compared to S4. I think that I would
need support of a technical person to use this technology’
(2.3£1.3).

There were no significant differences in any of the TA
statements associated with better ability to perform the task
and ease of use for those respondents who had or had no
prior experience of virtual education apps. Within group
analysis showed no significant differences to any of these
statements either.

4.2.5. Enthusiasm for technology

Respondents were asked to rate their view on the statement
‘I enjoy learning how new technologies can help in my clinical
skills training” Those who were neutral (n:3) on this state-
ment rated SUS as 63+1 (acceptable). Those that agreed/
strongly agreed with the statement (n:30) rated it as 75+ 10
(good). There was no statistically significant difference
between the two groups. There were significant differences
(p <0.01) between the two groups for S3. ‘I thought that the
technology was easy to use’ (neutral: 2.7+1.2 vs agree/
strongly agree: 4.2+0.6) and S9. ‘I felt very confident using
the technology’ (neutral: 3.0+£0.6 vs agree/strongly agree:
3.9+0.7: p<0.05). There were no significant differences
between the two groups for any of the negative statements.

Within group analysis showed no significant difference
between each on the positive or negative statements for the
neutral group. Those who agreed/strongly agreed with the
statement ‘I enjoy learning how new technologies can help in
my clinical skills training’ were statistically (p < 0.05) more
likely to agree with the positive statement S7. T would
imagine most people would learn to use this technology very
quickly’ (4.3+0.5) when compared to S1. ‘I think I would
like to use this technology frequently’ (3.8 £0.6). There were
statistically more likely to disagree with the negative state-
ments S2. T found the technology unnecessarily complex’
(1.8+0.8: p<0.05), S6. I thought there was too much incon-
sistency in this technology’ (1.9+0.7: p <0.05) and S10. T
needed to learn a lot of things before I could get going with
this technology’ (1.8 £0.6: p < 0.01) when compared to S4. ‘I
think that I would need support of a technical person to use
this technology’ (2.6 +1.3).

There were no significant differences in responses to
statements associated with better ability to perform the task
between those who were neutral or agree/strongly agree
about enthusiasm for using innovative technology in clinical
training. There was a significant (p<0.05) difference
between the two groups (neutral: 3.7+0.6 vs agree/strongly
agree: 4.4+0.5) to statement T7 ‘I would find it easy to
understand how to use the app in future’ which is associated
with ease of use. There were no significant differences
between the statements for ability to perform the task and
ease of use within either of the two groups.
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4.2.6. Breakdown by age

Responses to SUS were compared to age groups. The overall
SUS ratings were 18-21 (n:10 71+14 good), 22-24 (n:8
76+9 good), 25-27 (n:11 74+11 good) and 28+ (n:4
77 +11 good). There was no significant difference between
any age group. The oldest age group (28+: 2.0+£0.8) were
significantly less likely to agree with the statement S9. ‘I felt
very confident using this technology’ when compared to 18-
21 (3.6+1.0: p<0.01), 22-24 (4.0£0.5: p<0.001) and 25-
27 (3.9+0.5: p<0.01). Younger age groups 18-21(1.8+0.8),
22-24 (2.0+0.5), 25-27 (1.9+0.3) were all statistically sig-
nificantly (p < 0.001) more likely to disagree with the state-
ment S10 ‘I needed to learn a lot of things before I could get
going with this technology’ than the older age group
(3.8+1.0).

Within group analysis showed a statistically significant
difference (p < 0.05) in the 22-24years old for the positive
statements S3. I thought that the technology was easy to use’
(4.6 £0.5) and S1. T think I would like to use this technology
frequently’ (3.8+0.5) and in the 28+ year old group to the
positive statements: S1. ‘I think I would like to use this tech-
nology frequently’ (3.5+0.6: p <0.05), S3. ‘I thought that the
technology was easy to use’ (4.3+0.5: p <0.001), S5. ‘I found
the wvarious functions were well integrated’ (3.8+0.5:
p<0.01) and S7. ‘I would imagine most people would learn
to use this technology very quickly’ (4.3+0.5: p<0.001)
when compared to S9. ‘I felt very confident using the technol-
ogy’ (2.0£0.8). There was a statistically significant (p < 0.05)
difference between the negative statements for the 22-
24 years old for the negative statements S2. ‘I found the tech-
nology unnecessarily complex’ (1.6 £0.5) and S4. ‘I think that
I would need support of a technical person to use this technol-
ogy’ (29+1.1).

There were no significant differences between or within
the two groups to any of the TA statements associated with
better ability to perform the task and ease of use for differ-
ent age groups.

4.2.7. Gender

When SUS was compared to gender the ratings were: male
(n:13 75+8 good) and female (n:20 73+13 good). There
was no significant difference between genders. The were no
significant differences in the responses to the positive or
negative statements between the two groups. Within group
analyses showed that males were statistically more likely to
agree with the positive statements S3. ‘I thought that the
technology was easy to use’ (4.2%0.7: P <0.01) and S7. ‘I
would imagine most people would learn to use this technology
very quickly’ (4.2+0.4: p<0.01) when compared to S9. ‘I
felt very confident using the technology’ (3.4+0.5). Females
were statistically more likely to agree with the positive state-
ment S7. ‘I would imagine most people would learn to use
this technology’ (4.5+0.5) when compared to S1. T think I
would like to wuse this technology frequently’ (3.8+0.6:
p<0.05) and S9. I felt very confident using the technology’
(3.7+£0.9: p<0.01). There were no statistically significant
differences within either group for each of the negative
statements.
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Table 3. Model summary table.

Model Summary®

Change Statistics

Model R R Square  Adjusted R Square  Std. Error of the Estimate R Square Change F Change dfl  df2 Sig. F Change  Durbin-Watson
1 0.627° 0.394 0.329 0.51442 0.394 6.058 3 28 0.003 1.635
@Predictors: (Constant), EOU_sum, SUS_sum, APT_sum
bDependent Variable: VR ACCEPTANCE.
) medical students and 13 doctors). Four medical students
Table 4. Regression model. .
ANOVA? were neutral, and one strongly disagreed.
. When asked about their views (n:34) as to whether VR is
Model sum of Squares  df  Mean Square  F S'g‘b beneficial use of medical school’s budget twenty-nine agreed
1 Regression 4.809 3 1.603 6.058  .003 :
Residual 7410 28 0265 or strongl}r agreed (16 medical students and 13 doctor§).
Total 12.219 31 Four medical students were neutral, and one strongly dis-

?Dependent Variable: VR ACCEPTANCE bPredictors: (Constant), EOU_sum, SUS_
sum, APT_sum.

When technology acceptance was compared between gen-
ders (M:13 and F:20) for ability to perform the tasks and
ease of use there was a significant difference between the
two groups (M:4.6+0.5 vs F: 4.0£0.7 p<0.001) for T7 ‘I
would find it easy to understand how to use the app in
future’. Within group analysis showed no significant differ-
ences between any of the statements for ability to perform
tasks and ease of use.

4.3. Influencing factors

It can be seen in the model summary table (Table 3) that
the independent variables SUS, ease of use (EOU) and abil-
ity to perform task (APT) explain 40% of total variation of
dependent variable (VR ACCEPTANCE).

Table 4 indicates that the regression model significantly

(p<0.005) predicts the dependent variable VR
ACCEPTANCE.
The Coefficients table (Table 5) predicts VR

ACCEPTANCE from EOU (0.73).

These analyses show that ease of use (EOU) plays a sig-
nificant role in the acceptance of the app by the participants.
Both overall usability (SUS) and ability to perform task
(APT) are also influencing factors but these were not statis-
tically significant.

4.4. Skill evaluation

In the following section the pre-post test scores are com-
pared for all participants, medical students, doctors, and,
with respect to the participants digital literacy skills, video
gaming habits, prior experience of VR education app, age
and gender (Table 6).

4.5. Participant feedback

When asked about their feelings on the use of VR to learn
new clinical skills in the future (n:48), forty-three said they
agreed or strongly agreed that this should be the case (30

agreed. Indicative responses to their experience of using the
app included:

“Easier to see structures in the retina than would be in a real
patient.”

“Makes it clearer than reading from textbook.”

“Was a different experience and more engaging than listening to
a lecture.”

“Makes it easy to understand the processes behind fundoscopy.
Pathology easy to identify and would make me more comfortable
to do so in a real patient.”

“The descriptions about the pathologies showing you to look
around and find it - thought this was useful and exactly what
students need.”

“Easy to use and helpful to see clear pathology - much easier to
see on a patient once you have used the app”

“New way of doing things - kinetic learning and intellectually
stimulating”

“Realistic and you can take your time and repeat as you do not
need to worry about patient comfort.”

When the medical students were asked which learning
tool, they felt was most effective (n:20) 12 said both, 1 said
the EYE simulator, 6 said the VR app and one was neutral.

5. Simulation development framework

During the creation of the app the authors have produced a
formalised process for developing clinical simulations
(Figure 2). There are three main stages 1. Preparation and
design, 2. Development and testing and 3. Evaluation and
impact and is a hybrid between iterative and cascade.

5.1. Preparation and design

The preparation and design phase is further broken down
into requirements gathering and specifications, ethics, and
design. During the first stage it is important to work closely
with the the clinical teams to clearly identify what is
required. This can be done using focus groups, journey
mapping, structured interviews, surveys, or questionnaires.
These meetings can be difficult to arrange owing to clini-
cian’s availability so it is important to focus the conversa-
tions on what the program is required to do, what



Table 5. Coefficients.
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Coefficients®

Unstandardized Coefficients

Standardized Coefficients

95.0% Confidence Interval for B

Model B Std. Error Beta t Sig. Lower Bound Upper Bound

1 (Constant) —-0.107 1.357 —0.079 0.938 —2.887 2,674
SUS_sum 0.310 0.347 0.132 0.893 0.379 —0.401 1.021
PU_sum 0.071 0.204 0.058 0.345 0.732 —0.348 0.490
EOU_sum 0.727 0.212 0.580 3431 0.002 0.293 1.161

?Dependent Variable: VR ACCEPTANCE.

Table 6. Breakdown of test scores.

Group Pre-test score Post-test score
All (n:27) 6315 8.4 +0.8%**
Medical students (n:20) 6.2+1.5 8.5+0.9%%*
Doctors (n:7) 6.4+15 8.3+0.8*
Digital literacy
Weak (n:3) 63+15 8.7+0.6
Neutral (n:6) 6.7+1.0 8.5+ 1.0%*
Strong & very strong (n: 18) 6.1+1.6 8.4 +0.8%F*
Play video games
Never (n:18) 63+13 8.3+0.9%**
Monthly or less (n:5) 6.0+2.1 8.8+0.8*
More than monthly (n:4) 63+15 8.5+0.6*
Previous experience of VR education apps
Yes (n:4) 50+14 8.0+ 0.8%*
No (n:23) 65+14 8.5+ 0.8%**
Enthusiasm for leaning new technology in clinical skills training
Neutral (n:3)

47+0.6 7.7+06
Agree/Strongly agree (n:24)

65+1.4 8.5 +0.83%**
Age
18-21 (n:10) 56+15 8.3+0.8%**
22-24 (n7) 71£1.2 8.9+ 1.9%*
25-27 (n:8) 63+15 8.3+0.9%*
28+ (n:2) 6.5+0.7 85+0.7
Gender
Male (n:11) 6.2+1 8.6+ 0.7
Female (n:16) 63+1 8.3 £0.9%**
*p < 0.05.
**p <0.01 .
*H¥Kp < 0.001.

educational outcomes are to be expected, how will these be
assessed, for example either internally, within the program
itself, or through external evaluation. The underlying struc-
ture and nature of questions differ depending on the meet-
ing setting. For example, open-ended questions are more
appropriate for focus groups. Close-ended questions are
typically more effective for surveys to maximise the rate of
response to these surveys (Sommerville, 2011). The output
is a requirement specifications document for the
simulation.

Ethics approval is required when working with people
both at the developers’ institute and within the NHS.
Gaining local institutional ethics approval early on means
that development will not be delayed. If NHS ethics
approval is needed for the project this can be a lengthy pro-
cess and is a requirement if patient participants are needed
and are to be recruited via the NHS. However, when work-
ing with NHS staff the specific policies can be dependent
upon the specific NHS Trust. Before starting the project, it
is critical that the types of work and data collection have
been discussed with them and where ethics approval is
required as this should not be done retrospectively.

The design phase sets out the specification for the
development. Ideally a written proposal outlines what is
needed from the clinical teams and what features the simu-
lation will have. If the simulation is a serious game, the
game-based elements, mechanics, scoring systems and feed-
back systems are defined. This proposal indicates how the
simulation will be built, what hardware platform(s) are to
be targeted and what will be delivered in the proposed
time frame. All these processes will be documented with
the help of appropriate diagrams, sketches and flow charts
which may also represent the required clinical processes
that need to be modelled. Having poor access to essential
clinical information, as well as ‘feature creep’ (where add-
itional features are continually requested) are two factors
which can comprise the success of projects. Therefore, the
proposal is useful to clearly state the project’s intent to all
parties involved. Working with hard-to-reach or vulnerable
groups is even more challenging in terms of regular access
to them to elicit feedback and update requirements where
they need be. In this case heuristics may help (Wilson
et al, 2017c). For the heuristics to fulfil their role, they
need to be objective and representative of the stakeholders’
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Requirements gathering

*  Problem definition

Project scope
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.
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Figure 2. Flow diagram of development process for medical simulations.

requirements. Given that the stakeholders can be hard to
reach or vulnerable, it is unreasonable to assume that
objective, representative thresholds can be set on these
heuristics upfront. Maintaining a repository of heuristics
data is essential for the continuous improvement of

artefacts. Due to the iterative nature of heuristic-based
design, the output of the design phase is a minimal viable
product (MVP). This MVP is continually updated in each
iteration of the design phase based on stakeholder
feedback.



5.2. Development and testing

The development and testing are intended to move the con-
cept into a functioning physical entity. Progress on any
implementation can stall at the design stage if meetings are
just confined to discussions. Therefore, a proof of concept/
minimal viable product (MVP) is invaluable to keep discus-
sions focused. This is because clinical teams may not be
familiar with the capabilities that the technology can offer.
By creating a basic product that they can interact with helps
with more productive and guided dialogue between the
developers and the clinical teams. Adopting a streamlined
development approach, for example using rapid application
development (RAD) (Martin, 1991) bugs can be identified
and usability issues can be addressed. Initially this can be
done with the help of internal review without needing the
involvement of the clinicians at this stage. Subsequently the
MVP can then be given to the clinical teams for them to
give formative feedback on the design, usability issues and
any adjustments needed for it to meet their desired clinical
outcomes.

After the MVP has been created and initially approved
by the clinical teams an iterative development process is
then used to systematically refine any issues associated with
usability, user experience and functionality. It is important
to utilise standardised evaluation techniques, discussed in
section 4.3, to standardise the notion of usability, user
experience and functionality. As it is not always easy to con-
tinually get access to clinical teams to help with naive users
who lack technical skills, they are extremely useful to pro-
vide formative feedback on any issues. This group acts as a
surrogate for the clinical teams as they too are less likely to
be familiar with how the simulations work.

5.3. Evaluation

When the system and the clinical concepts are correct then
it can enter the evaluation phase. Functional and non-func-
tional evaluations that can be used include measures of
effectiveness such as completion rates and the number of
errors; efficiency such as task time, time-based efficiency,
and overall relative efficiency. However, their choice can be
dependent on the type of simulation and not all may be
appropriate in the medical simulation’s context. Usability
and user acceptance can be measured using the System
Usability Scale (Brooke, 1996) and the Technology
Acceptance Model (Davis, 1989). Acceptance thresholds can
also be derived from the heuristic thresholds that were eli-
cited in the design phase. Assessing whether the users
improved their knowledge is usually measured by using pre-
post test quizzes.

5.4. Deploying, maintaining, and documenting

Once the simulation has passed its evaluations and the team
is confident that it can perform its intended task it can be
deployed to the users. Depending on the type of simulation
this may be made available through institutional eLearning
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portals, Google Play™, Apple Store™ or managed through
the host’s intranet.

Involvement with the host institutes (for example, the
NHS IT team) is important in that they are confident that
the simulation will not disrupt users’ devices and is safe to
use. If the simulation has been created for use on mobile
apps then the user needs to be aware that their device may
not be supported. Users can either refer to the relevant
guides supplied by the application programming interface
(API) developer. As an initial alternative a free demonstra-
tion version with minimal functionality can be created so
the users can see if the simulation is compatible with their
device before, they use the full version, which may be
paid for.

The rapid pace of change of technology can also pose
problems for maintenance. The simulation may be compat-
ible with certain models and types of mobile device, but as
newer devices become available this means that the existing
software may no longer work correctly. Changes to the API
used may also result in backwards compatibility issues. The
simulation may therefore only be viable for a set time frame.
A confounding factor if easy to use and timely evaluation
techniques are not used as lengthy delays can occur during
this stage. If the resources are not available for on-going
maintenance, then identifying commercial support, for
example licensing out may be one solution for maintaining
it over time. There are many cost models available in the lit-
erature which can help determine the resources required for
on-going maintenance of the simulation (Ahn et al, 2003;
Granja-Alvarez & Barranco-Garcia, 1997; Hayes et al., 2004).

Although documentation is discussed at this point this is
an ongoing process during development. It takes the form
of a detailed description of the development of the software
as well as an installation guide. The former is a technical
document for the development team whereas the latter is for
the user. The authors do not routinely create help guides for
the user as the development of the simulations leverage
instructional design processes (Gagne, 1987) which not only
teach the clinical procedure, but the simulation also teaches
the user how to use the technology.

Impact on an organisation will occur over time.
Examples of important metrics may include quantifying how
many medical students used the simulation and how often;
calculating any reduction in the total amount of face-to-face
contact hours clinical teachers needed to teach the skill;
determining if there were any financial savings made
because of using the simulation when compared to trad-
itional teaching techniques. Other information may relate to
how many organisations are using the simulation to train
their students and were there any fundamental changes to
policy whereby the simulations became a required teaching
resource. This information will often be at other organisa-
tions so careful thought needs to be made how to collect it,
potentially over many years, as well as considerations for
maintaining data privacy. If the simulation is not subject to
any patent application, then publishing in high quality peer
reviewed academic venues where the development process
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and evaluation are documented is used by the clinical com-
munity as evidence of its validity and credibility.

6. Discussion

Computer-based clinical simulations have a key role in med-
ical education and would benefit from a better definition of
a roadmap for their creation and evaluation. In this work,
the authors described the development of an inexpensive VR
ophthalmology trainer and the processes used to create and
evaluate it. This framework is in-line with NHS guidelines
for commissioning educational technology (Department of
Health, 2011; Health Education England, 2016) that is, it is
educationally coherent, innovative and evidence based; it
delivers high quality educational outcomes (impact) and
value for money whilst ensuring equity of access and quality
of provision.

The study results show that users highly rated the app for
usability, improving their confidence and understanding of
the skills and knowledge required to perform an ophthal-
mology examination. Factors such as whether they were a
doctor or medical student, their age, gender or prior experi-
ence of using virtual education app did not influence their
views on overall usability. All these groups stated usability
was good. Self-reported digital literacy skills and gaming
habits did influence views on usability. Those who never
played video games or had low to neutral digital literacy
skills were more likely to rate usability as acceptable com-
pared to regular gamers or people with strong digital literacy
skills who rated it as good. Taking the respondents enthusi-
asm for technology into account, those who were in favour
of using it in their clinical teaching rated it as good, those
who did not, rated it as acceptable, however there was no
significant difference between these two groups. From the
regression analyses, participants emphasized the importance
of usability, ability to perform the task and ease of use as to
why they would accept the use of this technology. Ease of
use was the most significant influencer in this study indicat-
ing its importance when designing clinical teaching tools.

The responses to the technology acceptance statements
further supported that the app was easy to use, and
respondents felt they better understood the processes used
in ophthalmology. More than three quarters of all respond-
ents felt that they would have better confidence when per-
forming this task on a person in future, with no difference
in this statement between doctors and medical students.

When reviewing the effect of technical related skills on
usability and technology acceptance it was unsurprising that
the results showed that users who felt they were less digitally
literate or had less prior experience of technology, in the
form of video gaming, using VR education apps or their
enthusiasm for technology found it more difficult to use.
Regardless of their digital literacy skills, gaming habits, prior
experience of using virtual education apps, enthusiasm for
technology, age or gender, all groups were favourable about
how the app improved their ability to perform ophthalmol-
ogy tasks. This positive finding is also supported by all but
the 28+ age group, where there were significant

improvements in their knowledge and understanding of
ophthalmology processes as demonstrated in their improved
test results. Despite the lack of statistical significance, the
oldest age group still increased their post test score over
their pre-test score. The lowest rated response from all
respondents related to their confidence to perform this task
on a person in future. People with low digital literacy skills,
infrequent gaming habit, no prior experience of using virtual
education apps, enthusiasm for technology felt less confident
to perform the task on a person in future compared to their
more technically proficient counterparts. All age groups and
genders rated this as the lowest too. Despite this statement
being the lowest ranked only those with no prior experience
of VR education apps rated it below 50%, with groups citing
improved confidence between 66-100%. The authors appre-
ciate some of the groups contain low numbers, however the
information still provides useful insights into what charac-
teristics can influence users’ views on the technology.

There were recurring themes in the statements for both
SUS and technology acceptance, for example responses to
the ease of use and cumbersome nature of the app. This
may reflect the nature of Google Cardboard™, which is not
as sophisticated as other commercially available products.
However, it was chosen as it had to fit in with the require-
ment that the simulation be inexpensive. Other VR headsets
can also be cumbersome, require a high technical specifica-
tion computer to run them, and room scale VR is not rele-
vant or appropriate for this type of specialist tool.

Responses to statements on their need for technical
assistance to use the app may reflect that during this evalu-
ation the respondents only used it once. Subjects who con-
sidered themselves less technical indicated in their responses
to SUS and TA statements that they had lower confidence
in using the app. The consistently highly rated statement ‘I
would imagine most people would learn to use this technology
very quickly’ is also indicative of potential confidence issues
where respondents feel other people would be better using it
than themselves. Given time and practice, they would
become more familiar and confident with the app.

The app is intended to be a voluntary supplement to
existing teaching methods and not mandatory as was origin-
ally specified by the clinical team. This is echoed in the
majority of respondents (90%) being positive about using
VR to learn new medical skills in future and would enjoy
learning how innovative technologies can help in their clin-
ical skills training (93%). However, respondents did not
want to use this type of technology all the time, feeling that
a range of complementary teaching and learning approaches
would benefit them.

In the context of this study, it is not possible to assess
direct benefit of the app in patient-facing clinical practice.
This is because many medical students would not be apply-
ing their skills to patients at this time. Similarly longitudinal
studies are not possible given the respondents would move
on to other aspects of their clinical training and other hospi-
tals and NHS Trusts. In the context of the requirements
from the clinical team the purpose of the study was to see if
the app improved participants confidence in undertaking



this important diagnostic procedure in line with the work of
Sim et al. (2020) who had identified poor confidence in abil-
ity to perform this skill by practicing doctors.

The evaluations were conducted in a busy working hos-
pital (where this type of clinical procedure is taught) rather
than in a usability lab or classroom. This meant there were
both strict limitations on the number and time there could
be access to the clinical staff and medical students. It was
decided to use validated tools such as SUS (Brooke, 1996)
and TAM (Davis, 1989) because they could be administered
quickly. It must be noted that the authors did not use the
exact statements found in TAM. Rather, more appropriate
ones were adapted from the original ones to reflect the
statements that needed to be asked from the clinical partici-
pants in this evaluation. The authors appreciate this ques-
tionnaire is not validated; however, it is a starting point
given that variations of the TAM have been proposed for
VR (Sagnier et al., 2020) but these were still not applicable
to this study. Given the venue it was not possible to have
ideal subject groups to allow in-depth analyses, for example
assessing both main and interaction effect. This was because
many of the groupings would be too small to allow for these
types of analyses. None-the-less the information provided by
the analyses provides valuable insights into the views and
perceptions of the different user profiles.

SUS (Brooke, 1996) and TAM (Davis, 1989) have been
criticized for their limitations, yet they have been extensively
used in many studies (Bangor et al., 2008). It has been pre-
viously highlighted that only high SUS scores are reported
(Bangor et al., 2008) which is the case in this study. The rea-
son for the high SUS scores resulted from ongoing formative
feedback, during the app’s development, which addressed
usability issues. SUS was only used during the final evalu-
ation with its intended end users. The fact that usability was
rated high also reflects how well the authors’ proposed
development framework works. There has also been criti-
cism of researchers looking at the individual SUS statements
moving away from the intended one value SUS score
(Bangor et al., 2008). The authors felt that this was an
important aspect to look at so that any factors which would
mean certain users would be less likely to engage with the
app could be identified. Therefore, alternative teaching
approaches could be offered to them, so as not to disadvan-
tage any student. As reported by Kortum and Bangor (2013)
prior experience of product or technology can potentially
bias results in a positive way. The authors would not assert
their study was biased, more that it identified that more
technical experienced subjects did rate the product higher
than less technical ones. The results of the skill test clearly
showed that irrespective of whether the users favoured tech-
nology or not, they all improved their understanding of how
to perform diagnostic examination of the back of the eye.
Despite reservation in the use of tools like SUS (Brooke,
1996), the authors have shown that when used in combin-
ation with questions based upon TAM (Davis, 1989) and
pre-post testing they provided extremely useful insights into
the users’ perceptions of the app and can be completed in a
short space of time.
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It cannot be understated the challenges that can be faced
when trying to develop medical simulations, especially
across organizations. Access to accurate information, expert-
ise from clinical team and target demographics can be very
difficult. The danger can be to create simulations without
sufficient engagement with the stakeholders with the mis-
conception that this is the best and most convenient
approach for the developers. Therefore, the authors have
also proposed an initial model for a structured process for
the development of medical simulations which aims to miti-
gate some of these problems. This is with the intent to be as
productive as possible when engaging with clinical teams.
Similarly, to the work of Olszewski and Wolbrink (2017),
there are three key phases in this model i. preparation and
design, ii. development and testing and iii. evaluation and
impact. As mentioned in the introduction, the target prob-
lem for this contribution is the lack of technical-focused
software development frameworks in clinical computer-
based simulations. The process is user-centred in its
approach and highlights the use of appropriate surrogates in
the testing stages. Moreover, similar SDLCs operate assum-
ing there is access to stakeholders throughout the life cycle,
but this is not always true in clinical settings. The processes
the authors have used can be compared to a series of criteria
that are associated with a software development framework.
These encompass a sequence of software production activ-
ities, a description of the artefacts that should be produced
by the modelling language, managing, and directing team
efforts, and providing criteria for monitoring and assessing
project activities and outputs (Hesari et al, 2010).
Comparing the authors’ work to this, the following features
exist, coverage of generic phases: requirements, analysis,
design, implementation, and test with smooth and seamless
transitions between each. There is product adequacy and
product consistency with minimum overlap between the
output of the first and second phases of the process.
However, there is high overlap between the output of the
second and third phases. The design proposal and MVP
show structural and functional views whereas the developed
simulation shows the functional and behavioural views. The
process supports product abstraction (analysis, design, or
implementation levels), with analysis and design in the prep-
aration and design phase and implementation in the devel-
opment and testing phase. Product tangibility, testability and
visibility are all supported. There are levels of documenta-
tion which are associated with support for the development
team and during the installation of the simulation.
Throughout the process users are involved. There are no
role specifications explicitly defined in the process. In terms
of management features risk, people and project manage-
ment are all supported. Quality management is only partially
supported whereas configuration management is not.
Table 7 summarises these comparisons.

Given the user-focused nature of the proposed frame-
work, it is comparable to the activities identified by the ISO-
9241-210 standard for human-centred design. This standard
was developed to “provide requirements and recommenda-
tions for human-centred design principles and activities
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Table 7. Comparison and conformance for software development frameworks (Hesari et al., 2010).

Criteria for Software Development Frameworks

Conformance of the framework to these criteria

A sequence of software development activities

Coverage of requirements, analysis, design, implementation, and testing
Seamless transition between phases above

Modelling language

Managing and directing team efforts

Risk, people and project management

Monitoring and assessing project activities

Quality management

Configuration management

Present

Present

Present, with varying overlap between phases

Present through MVPs and physical entities

Present through maintaining documentation

Present

Product tangibility, testability and visibility are supported
Present through continuous user involvement

Not present

throughout the life cycle of computer-based interactive sys-
tems. It is intended to be used by those managing design
processes and is concerned with ways in which both hardware
and software components of interactive systems can enhance
human-system interaction” (International Organization for
Standardization, 2010, p. 7). The rationale behind this stand-
ard is a more generic version of the rationale behind this
paper’s framework: the lack of technical-focused software
development frameworks in the field of clinical computer-
based simulations.

The activities recommended by ISO-9241-210 are a)
understanding and specifying the context of use, b) specify-
ing the user requirements, c¢) producing design solutions,
and d) evaluating the design (International Organization for
Standardization, 2010). These activities map almost 1-1 to
those proposed by this paper’s framework. Preparation and
design maps to the first two activities from the standard,
development, and testing maps to the third activity, and
evaluation maps to the final activity in the standard. The
main difference between the ISO-9241-210 standard and the
proposed framework is the level of concreteness. The frame-
work in this work specifies the tools to be used for the
domain of clinical users to facilitate smooth adoption of the
framework. The activities in the ISO-9241-210 standard,
however, are not restrictive to being executed using specific
tools. The authors’ framework is a domain-specific realisa-
tion of the ISO-9241-210 standard.

7. Conclusion

The authors have demonstrated the successful development
of an inexpensive VR-based ophthalmology training app
that can bridge the gap between theory and use on patients.
Usability and user experience were highly rated by all the
clinicians that used it. Those participants who considered
themselves to be more digital literate were more likely to be
more positive and confident in using the technology.
However, all users demonstrably increased their understand-
ing of how to successfully undertake the correct systematic
process for the examination of the back of the eye, with
users being able to distinguish between both normal eyes
and those with pathologies. It improved users’ confidence in
being able to perform this diagnostic procedure on patients,
in future. The majority of users (90%) felt that this type of
technology would be greatly beneficial in their clinical train-
ing but should not replace other forms of teaching. The
app’s successful development was accomplished using a
hybrid development framework reflective of the challenges

that are associated with working in busy clinical environ-
ments. The resultant process provides a framework which
can be further refined, adapted, or extended to other envi-
ronments which also face similar challenges when working
with hard to access groups.
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