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Abstract

Background The COVID-19 pandemic prompted a rapid shift towards virtual learning. As such, the annual Duke
Elder Preparatory Course pivoted to an online format using innovative teaching methods. There is a lack of prior
studies directly comparing virtual to in-person delivery of the same revision course. We reviewed qualitative and
quantitative student feedback across a four-year period from students who attended in-person (2019-2020, n=103)
and those who attended virtually (2020-2021, n=215). We analysed key themes, including interactivity, attendance,
and engagement, with a view to sharing key learning points with fellow educators.

Methods An integrated didactic teaching approach was used in both the in-person and virtual cohorts, with an
online platform for real-time multiple-choice questions. We evaluated student feedback from 255 attendees over a
four-year period using a utilisation-focused evaluation approach.

Results Global course feedback was consistently high, with a mean score of 86% for the in-person cohorts (n=69)
and 89% for the virtual cohorts (n=186). There was a statistically significant improvement in the overall score for
Content and Clarity for the virtual courses compared to the in-person courses (p < 0.005).

Conclusions The transition to virtual teaching can be efficient and effective for the delivery of revision courses.
Students benefit from the removal of geographic barriers, the ability to interact with educators via technology-
enhanced learning (TEL) and the flexibility of asynchronous virtual learning. This study highlights how educators
can best utilise technological advances to improve online learning, reach larger audiences and actively monitor
engagement. Virtual teaching enhanced by TEL can be used in place of in-person teaching to widen access to
education and improve the student experience in large-group teaching.
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Background

The recent shift towards virtual learning in medical
education has led to increased interest in evaluating its
effectiveness. While several studies suggest that online
teaching was well received during the COVID-19 pan-
demic [1-4], challenges remain in ensuring consistent
quality across different formats and contexts of virtual
teaching delivery. In particular, more evidence is needed
to understand how virtual delivery performs in more
intensive teaching settings, such as in medical education
and revision courses (intensive review courses designed
to prepare students for examinations), where large vol-
umes of content are delivered over a short period.

Virtual learning presents well-recognised challenges
for both students and teachers. Students often report
difficulty maintaining concentration and are subject to
increased environmental distractions, which can affect
learning strategies and motivation [5-7]. Teachers also
face additional challenges in delivering content virtu-
ally. A lack of visual and auditory cues in a virtual setting
can make it difficult for teachers to recognise when stu-
dent engagement is diminishing. This, alongside limited
technical competency, can lead to a loss of student-tutor
interactivity [3, 8]. These challenges are particularly sig-
nificant within the context of medical education, whereby
a large amount of knowledge must be consumed in a
short space of time in a large group setting, which can
amplify the challenges involved in virtual delivery [9, 10].

Despite these challenges, virtual learning offers poten-
tial advantages such as improved accessibility, flexibil-
ity, and reduced travel or venue costs [11]. To maximise
these benefits, it is important to understand when vir-
tual teaching is appropriate and how it can be improved.
Though the literature covers many aspects of virtual edu-
cation, there are no studies comparing the same course
delivered both in-person and online, in the context of
revision courses.

We developed the Duke Elder Preparatory Course as
an annual revision course to help students prepare for
the national Duke Elder Undergraduate Ophthalmology
Prize Examination [12]. This prestigious and highly com-
petitive examination is taken by over 450 students annu-
ally and contributes 1-2 portfolio points for entry into
UK Ophthalmology specialist training. The course was
delivered in-person until 2020 and transitioned to a vir-
tual format in 2021 and 2022 in response to the COVID-
19 pandemic.

This study evaluates the impact of that transition on
teaching and learning. Specifically, we examine interac-
tion and engagement — two critical components of edu-
cational effectiveness — through both qualitative and
quantitative measures across four years of course deliv-
ery. Using a Utilisation-Focused Evaluation (UFE) frame-
work, we explore how virtual teaching may replicate or
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depart from the in-person experience and identify strate-
gies to optimise virtual delivery. To our knowledge, this
is the first study to directly compare outcomes from the
same medical revision course taught in both virtual and
face-to-face formats.

Methods

The Duke Elder Preparatory Course was delivered in-per-
son in 2019 and 2020 and transitioned to a virtual format
for the 2021 and 2022 courses in response to the COVID-
19 pandemic. The course content, structure, and course
organisers remained consistent across all four years.

Course faculty

The course was organised by a team of medical students,
foundation doctors, senior ophthalmology trainees and
consultants, with administrative support from the oph-
thalmology and medical education departments. Teach-
ing was delivered by medical students and foundation
doctors who had scored highly in the Duke Elder Exami-
nation in previous years. All teachers were mentored by
ophthalmology consultants and senior registrars, who
provided oversight and quality assurance. Course content
and multiple-choice questions (MCQs) were mapped
to the Royal College of Ophthalmologists Duke Elder
curriculum.

Course content and structure

Teaching was delivered through a hybrid approach, com-
bining didactic lectures with interactive components.
Technology-Enhanced Learning (TEL) was incorpo-
rated using the Slido platform (www.slido.com), which
enabled real-time audience participation and anonymous
submission of MCQ responses (see Fig. 1). This format
was maintained in both the in-person and virtual course
iterations.

Virtual course adaptations (2021-2022)

During the transition to virtual delivery, efforts were
made to preserve the core features of the course. Tech-
nical drop-in sessions were held for faculty prior to the
course to ensure familiarity with the TEL platform and
virtual delivery. The course timetable was adjusted to
include additional breaks to minimise screen fatigue and
help students maintain focus. Table 1 summarises the
challenges involved in large group virtual learning and
the specific adaptations made to the course design in
order to overcome these challenges.

Evaluation framework

This study used a Utilisation-Focused Evaluation (UFE)
framework, which is a decision-oriented approach that
prioritises the needs and intended use of the evaluation
by its primary users (e.g., course organisers, medical
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Teachers paired with expert mentors
- Nine teaching sessions

- Each covering a different subspeciality

- High-yield content chosen by teachers with experience
of the exam
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Hybrid teaching approach
- Subject introduced using MCQs

- Topic then taught didactically in greater depth

- Teachers monitor responses and reveal answers in
real-time to encourage engagement

Course Content

and Structure

Technology-enhanced learning (TEL)
- Live Q+A throughout

- Expert mentors answer questions in real-time via TEL

- Anonymous to encourage interactivity

Consolidation of knowledge
- Recordings available for students to review
asynchronously

- Key Facts’ and ‘Q+A Summary’ documents compiled

¢

N

- = Technology Enhanced Learning (TEL) using Slido

Candidates
Topic presented answer MCQs
anonymously

Questions can be asked by students and answered by mentors throughout

MCQ topic then
taught in further
depth with

explanations

for students to revise from

v

Fig. 1 Course content and structure. Key features include a hybrid teaching approach, with MCQs interspersed with didactic teaching. TEL was used in

the form of Slido to improve student engagement and efficiency of learning

educators) [13]. UFE focuses on producing actionable
findings that can inform decisions about future course
design and delivery. In this study, the framework was
used to guide question formulation, data collection, and
interpretation, with a focus on practical improvements to
course engagement and learning effectiveness.

Evaluation questions

The evaluation questions were developed based on
known challenges in virtual teaching identified in the lit-
erature, as well as reflections from course organisers and
faculty. The process by which these were created and the
required resources to answer the questions are shown in
Table 2. The evaluation framework is shown in Table 3.

Participants and sampling

Participants were all students currently studying medi-
cine at a university globally. Pre-existing specialist oph-
thalmology knowledge was not a prerequisite, however,

given this was a revision course close to the exam date,
a certain level of background knowledge would have
been expected from attendees. There were no exclusion
criteria. It was expected that participants attend all ses-
sions and partial attendance only occurred in limited
circumstances. Participation in feedback was voluntary
and anonymised, and no background information about
respondents was collected. The majority of attendees
were senior UK medical students (years 4—6) preparing
for the Duke Elder examination. Students’ prior experi-
ence with online learning was not formally quantified.
However, as the first virtual course was delivered in Feb-
ruary 2021, most students were likely to have had up to
one year of exposure to online teaching following the
first UK national lockdown in March 2020. All submitted
responses were included in the analysis.

There was no random sampling, and the cohort reflects
a self-selecting group of students with an interest in oph-
thalmology who voluntarily registered for the course.
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Table 1 Overcoming the challenges of large group online
learning

Challenges of
online delivery

Overcoming challenges

Clarity of teaching
may be lost in the
online format

« Hybrid teaching format using MCQs with didac-
tic teaching to reinforce the teaching point.

- Expert checks of slides beforehand.

- Reduced word count per slide; clearly laid out
slides.

Limited attention « Mini breaks between sections were incorpo-
rated into the timetable.

+ MCQs were used throughout to keep people
engaged.

- Slido Live Q&A feature with a dedicated expert
to answer questions (separate to the presenter,
50 as not to distract from the content presented).
- MCQs throughout the talks with live response
numbers encouraged audience participation.

Reduced interactiv-
ity and audience
engagement

Accessibility and + 1-1 Technical checks sessions ahead of the
technical challenges  course with tutors to ensure familiarity with the
of online learning chosen TEL platform (Slido).

- Delegating roles for: monitoring admissions to
the virtual platform, recording the sessions and
keeping to time.

- Setting up a separate communication channel
with the course faculty and a separate group
with all teachers, in order to communicate out-
side of the course throughout the day.

- Live Q&A feature on Slido

- Encouraging questions throughout and
delegating expert mentors to answer questions
for each talk.

Lack of Q&A
discussion

Table 3 Formative evaluation framework using the UFE model

Context The Duke Elder Revision course has been running as
an online format for 2 years since 2020 in response to
the COVID-19 pandemic

Challenge To provide evidence of large-group virtual course ef-
fectiveness and impact on learning in comparison to
its previous in-person iteration

Evaluand 1-day online course, synchronous delivery with asyn-
chronous learning through post-course materials

Nature Well-established course materials that are primar-
ily fixed, with potential for modifications for future
iterations

Type of Formative evaluation

evaluation

Purpose of To determine if the course meets its objectives and is

evaluation as successful and effective as the in-person iteration.

Evaluation See Table 1a.

questions

Sources of Student feedback questionnaire

evaluation data Qualitative feedback

Engagement data from TEL

Accessibility data from course attendee demographics
Duke Elder examination top 20 ranking

Informs modifications for future courses

Supports ongoing virtual course format

Utility of
findings
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Table 2 The process by which evaluation questions were
created and the required information needed to answer each
question
Challenge

Evaluation question Resource required
to answer this

question
Questionnaire after
each teaching
section
Questionnaire at the
end of the course
Qualitative feedback
Did students find the Questionnaire after
clarity of teaching equiv-  each teaching
alent or better compared section
to the in-person format?  Qualitative feedback
Were engagement levels  TEL data (compar-
maintained in the online  ing MCQ responses
format? at the start and end
of the course day)

Demographics of

Were students satisfied
with the course overall?
Did students find the
content of teaching
relevant?

The course may not
be as successfully
received in an online
format

Clarity of teaching
may be lost in the
online format

Engagement levels
can be impacted in
online learning

Accessibility and Was the course

technical challenges  accessible? student locations/
of online learning Did the course run universities
efficiently? Qualitative feedback

Duke Elder exami-
nation national top
20 ranking list

Maintaining the im-  Was the impact on ex-
pact of the in-person  amination performance
course on summative equivalent or better in
performance the virtual course com-
The goal of the exam  pared to in-person?

is to perform highly;  Did attendees perform in
itis a prize exam, not  the Top 5% nationally?
pass or fail

This may introduce self-selection bias. However, the
course consistently attracts students from a wider range
of medical schools and has historically high uptake from
those intending to apply for ophthalmology training.

Data collection and analysis

Quantitative data

Students completed a feedback form after each taught
topic. The feedback form was developed for this course,
and a copy of this can be found in the supplementary
materials. Included in the feedback for each section was
a Clarity score, reflecting the ease with which the stu-
dents were able to understand the topics, and a Content
score, describing how relevant the content was for exam
preparation. Clarity and Content scores were rated on a
6-point Likert scale (1 = “very poor” to 6 = “excellent”).
At the end of the course day, students also completed a
‘Global Feedback’ questionnaire, providing an overall rat-
ing of the course. And free-text responses.

Student engagement during the live sessions was mea-
sured using Slido data on MCQ responses during the
course. The number of MCQ responses submitted at the
beginning and end of each course day was compared as a
proxy for sustained engagement.
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Quantitative data for 255 returned questionnaires were
analysed using a two-way ANOVA using the statisti-
cal software GraphPad Prism 9 for Windows (GraphPad
Software, Boston, Massachusetts, USA, www.graphpad.
com).

Qualitative data

Open-ended responses from the Global Feedback form
were analysed using reflexive thematic analysis [14].
Feedback from the virtual cohorts (2021 and 2022) was
reviewed to explore student perspectives on engagement,
interactivity, and overall course quality.

A qualitative consensus-building process was used to
analyse the data. Each qualitative analyst independently
reviewed the raw data, documenting key codes and
themes. The team met to discuss their initial interpreta-
tion of the data, discussing points of agreement and dif-
ferent perspectives. From this analysis, three key themes
were revealed: accessibility, efficiency, and engagement.
TEL was identified as a unifying feature throughout. This
qualitative feedback is summarised in Fig. 5. No qualita-
tive data analysis software was used.

Ethical considerations

As this was a service evaluation of an educational inter-
vention with no pre-determined standards, this study
was deemed exempt from ethics approval. Advice was
sought from UCLs Research Ethics Committee, who
confirmed that ethics approval was not required for this
study and that the need to consent to participate was
deemed unnecessary. Feedback was acquired anony-
mously on an entirely voluntary basis as part of a service
evaluation. The evaluation did not involve any changes to
the service being delivered for the purpose of the review,
and the change to course delivery was made in response
to the COVID-19 pandemic limiting in-person teaching.

Results

Over the four years, 318 students attended the course.
A total of 103 students attended in-person (in 2019 and
2020) and 215 attended virtually (in 2021 and 2022). The
number of students attending the course more than dou-
bled between the in-person and virtual courses. A total
of 255 students returned the feedback questionnaire.
Response rates were high across both delivery formats,
with 66.7% of the in-person cohort (2019-2020) and
86.5% of the virtual cohort (2021-2022) completing feed-
back questionnaires.

Questionnaire

Overall course feedback was consistently high, with a
mean Global Feedback score of 86% for in-person deliv-
ery and 89% for the virtual format (Fig. 2a).

Page 5 of 11

Clarity and Content scores improved when the course
transitioned from an in-person to a virtual format (Fig.
2b and c). A two-way ANOVA was conducted with
Delivery Format (in-person vs. virtual) and Course Sec-
tion (nine topics) as fixed factors. No significant inter-
action was observed between format and section. The
mean Clarity score increased from 5.02 in the in-person
cohorts to 5.35 in the virtual cohorts. This difference was
statistically significant (p=0.0011 for the main effect of
format), with a mean difference of 0.33 points (95% CI:
0.18 to 0.48). The corresponding partial eta squared was
0.76, indicating a very large effect size. Similarly, the
mean Content score increased from 5.32 to 5.52. This
difference was also statistically significant (p=0.041 for
the main effect of format), with a mean difference of 0.20
points (95% CI: 0.01 to 0.39) and a partial eta squared of
0.43, reflecting a large effect.

TEL data

Levels of engagement were sustained throughout the
course in both in-person and virtual formats (Fig. 3).
By the end of the course day, 88% of students in the vir-
tual cohorts were still participating in answering MCQs,
compared to 81% in the in-person cohorts — despite the
larger size of the virtual group.

Geographic reach

Delegate university location data revealed a broader
national reach following the transition to a virtual for-
mat. Figure 4 illustrates the increased diversity of del-
egate locations between 2020 (in-person) and 2022
(virtual). Students from 7 regions accessed the course
in 2020, compared to 26 regions in 2022. This included
five international participants in 2022 who attended from
the Republic of Ireland, Malta, Cyprus, Hong Kong and
Brazil.

Qualitative feedback

Thematic analysis of free-text responses identified three
recurring themes: accessibility, efficiency, and engage-
ment. TEL was consistently referenced as a key enabler
across these themes. A summary of representative stu-
dent quotes and theme mapping is provided in Fig. 5.

Performance in Duke elder summative examination

A review of national results showed that 25.6% of the top
20-ranked candidates in the Duke Elder examination had
attended the in-person course. This figure rose to 37.8%
for the virtual cohorts. While not directly comparable
due to potential confounders, this data suggests the vir-
tual format maintained, if not improved, the course’s pos-
itive impact on examination performance.
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1. Anatomy
2. Optics and Refraction

3. Cornea, Cataract and
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4. Paediatric and
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1. Anatomy
2. Optics and Refraction
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Fig. 2 Global Feedback and Clarity and Content Scores for In-Person and Virtual Cohorts. (@) Mean Global Feedback Scores (0-100) from attendees of
the in-person (2019 and 2020; blue; n=69) and virtual (2020 and 2021; Red; n=186) Duke Elder Revision courses; n=number of individual students. (b)
Mean Clarity scores and, (c) Content scores for each section of the revision course, comparing in-person, (n=372) and virtual, (n=>589) cohort responses;
n=total number of topic-specific feedback responses across all students. **p < 0.005* p < 0.05
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Fig.3 Number of Students Engaging with the MCQs at the Beginning and End of the Course in the In-Person and Virtual Cohorts. Proportion of students
responding to MCQs via the TEL platform (Slido) at the beginning and end of the course. The “beginning” and “end” were defined by the final MCQ of
the second and penultimate sections, respectively. Engagement was maintained throughout, with 81% of in-person and 88% of virtual attendees still
responding at the end of the course
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Fig. 4 Geographic Distribution of Course Attendees in 2020 (in-person) vs. 2022 (virtual). Geographic distribution of course attendees in the 2020 in-
person cohort (left; n=53) and the 2022 virtual cohort (right; n=120). Circle size represents the number of students from each region. The virtual format
enabled broader national and international participation
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Content

Relevance
High-yield

Breadth

Accessibility

Technology-
enhanced
learning

Live MCQs via app

Learn on demand Expert advice via Q+As

Engagement

Interactive

Widens participation

Virtual format

Hybrid structure

“A very good course with a lot of high yield topics. [...] clear explanations of
difficult topics such as optics and neuro-ophthalmology.”

“[...] covered all the core concepts well, gave a good indication as to the
breadth and depth of knowledge required.”

Content

“Please keep this online for years to come - it allows students from other
medical schools to participate rather than just the London medical students”
“I am very grateful that there will be a recording as | need to go over some
bits again!”

Virtual Format

- “This worked well as it provided an interactive element, which helped me to
H yb rl d learn more than just didactic teaching alone.”

Stru cture “It was helpful to have the Q+A section running. In some ways better than in
real life as you don't interrupt the teaching by asking questions.”

Fig. 5 Qualitative analysis of key themes from student feedback. Concept map and table summarising key themes from thematic analysis of qualitative
feedback including quotes from participants. Direct student quotes illustrate the themes of Accessibility, Efficiency, and Engagement, with Technology-
Enhanced Learning (TEL) emerging as a unifying enabler
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Discussion

One of the biggest challenges in online teaching is main-
taining interactivity and engagement [9, 10]. This study
aimed to evaluate whether virtual teaching can be as
effective as in-person teaching for large-scale revision
courses, using both subjective and objective measures.
The outcomes demonstrate that virtual delivery can
maintain — and in some aspects, improve — key edu-
cational outcomes, particularly when underpinned by
Technology-Enhanced Learning (TEL).

Thematic analysis of the qualitative feedback high-
lighted three key themes of engagement, efficiency and
accessibility. TEL was central to the development of these
features in the virtual format. Our results provide strong
support for the use of TEL to maintain interactivity and
engagement in virtual teaching for large audiences.

Engagement and learning outcomes

The ‘Global Feedback’ score remained consistently high
for the virtual format, with a mean score of 89% com-
pared to 86% for the in-person cohorts (Fig. 2a). More-
over, there were statistically significant improvements in
both Clarity and Content scores for the virtual cohorts,
suggesting that virtual delivery did not compromise and
may have enhanced students’ perception of learning
quality.

The objective measures also support this. Engage-
ment, as measured by MCQ participation, was compa-
rable across course formats, with 88% of students still
responding at the end of the virtual course compared to
81% in the in-person cohort. This sustained engagement
occurred despite a larger class size in the virtual format
(mean of 108 virtual attendees vs. 52 in-person attendees
per course), highlighting the utility of TEL in promoting
interactivity.

TEL features such as anonymous Q&A and live MCQ
polling supported student participation and allowed
teachers to tailor content dynamically based on live feed-
back. These findings align with the Community of Inquiry
framework [15], which emphasises cognitive presence
(engagement with content), social presence (interaction
with peers and faculty), and teaching presence (facilita-
tion by instructors). TEL features such as live MCQ poll-
ing and anonymous Q&A supported all three elements
simultaneously, fostering an environment more consis-
tent with the principles of a Col. During virtual teaching,
teachers ordinarily have difficulty monitoring engage-
ment due to the lack of visual and auditory cues. Live
data via TEL enabled instant feedback on engagement
levels for teachers. This allowed teachers to view the pro-
portion of students answering MCQs in real time, as well
as the proportion of students answering correctly, allow-
ing them to encourage students to participate if response
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rates were low and to shift focus to more challenging
content.

Additionally, anonymity is an important consideration
in promoting engagement and participation in large-
group settings [16]. Qualitative data reflected that the
anonymous nature of asking and answering questions
virtually using TEL encouraged participants to engage
and submit questions during the course (Fig. 5).

Efficiency and cognitive load

The Duke Elder Preparatory Course encompasses the
challenge of presenting a vast array of complex subspeci-
ality topics using unfamiliar terminology in a short space
of time. We believe the hybrid MCQ-didactic format
used in both virtual and in-person iterations enhances
learning through several mechanisms. The Segmenting
Principle from Mayer’s Cognitive Theory of Multimedia
Learning suggests that learners benefit when informa-
tion is presented in manageable segments with pauses for
processing [17]. By interspersing MCQs between teach-
ing segments, the course may reduce cognitive overload
by breaking complex topics into manageable chunks,
allowing students to pause, process, and consolidate
before moving on. Furthermore, this structure - alongside
TEL delivery - draws on the principles of Test-Enhanced
Learning, which provides strong evidence that retrieval
practice, such as answering MCQs, improves learning
and long-term retention [18, 19]. Rather than passively
receiving information over a virtual platform, students
engaged in repeated cycles of retrieval and feedback,
helping to reinforce key concepts throughout the course.
From the perspective of Cognitive Load Theory (Sweller),
the hybrid MCQ-didactic format likely reduced extrane-
ous cognitive load by breaking down complex material
and guiding attention to key concepts, while promoting
germane load through retrieval practice and feedback
[20, 21].

Additionally, the time constraints of a revision course
leave limited opportunity for attendees to ask questions
after each talk. In our teaching model, the TEL platform
allowed for questions to be submitted and responded to
by the expert mentors simultaneously during the talks.
An average of 141 distinct questions were responded to
per virtual course, a number that would not have been
feasible without the use of TEL.

Access and equity

Thematic analysis highlighted a perceived increase in
accessibility in the virtual format. Students noted that
removing geographic and financial barriers enabled
broader participation (‘allows students from other medi-
cal schools to participate rather than just the London
medical schools”), particularly for those at institutions
without formal ophthalmology teaching (Fig. 5).
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Impact

The impact of our courses was assessed by reviewing the
number of students who achieved a top 20 ranking in the
national Duke Elder examination. This cut-off was cho-
sen as the top 20 candidates receive a special commen-
dation and 2 points for speciality training applications
(with all other passing candidates receiving 1 point). The
in-person course successfully achieved this, with 25.6%
of the candidates in the top 20 list having attended the
course. For the virtual course, 37.8% of the top 20 scores
were obtained by virtual course attendees.

While promising, this finding should be interpreted
cautiously and is not suitable for direct comparison.
Firstly, this represents a select subset of outcomes from
the exam and cannot be generalised to all course attend-
ees’ performance. Additionally, the increase in the pro-
portion of top-scoring candidates in virtual cohorts has
multiple confounding factors, including the increased
accessibility and number of course attendees (2-fold
increase in virtual cohorts), as well as iterative improve-
ments in the course content and design through annual
review of student feedback. Nonetheless, it does clearly
demonstrate that the virtual delivery of the course did
not have a detrimental impact on the attainment of
attendees.

Limitations

Methodological limitations

Questionnaire-based feedback is inherently subject to
self-report and response biases. Although anonymity
was assured to mitigate this, the potential for positive
skew remains. Additionally, feedback was collected using
structured forms rather than interviews or focus groups,
limiting the depth of qualitative insights. However, the
sample size was sufficient to identify recurring themes
across cohorts.

Evaluator bias is another important consideration, as
all authors were involved in both course delivery and
evaluation. While quantitative measures were predefined
and thematic analyses were conducted collaboratively
to reduce subjectivity, some degree of bias cannot be
excluded.

Interpretive limitations
Although most teachers from the in-person course also
contributed to the virtual versions, the course content
and delivery methods evolved year on year. Teachers nat-
urally refined their materials based on previous feedback
and experience, which may have independently influ-
enced student ratings. Likewise, students in later cohorts
may have benefited from general improvements in course
structure unrelated to the format of delivery.

Students’ prior exposure to online learning was not
formally assessed. However, given the timing of the
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virtual courses during the COVID-19 pandemic, it is
likely that participants had at least one year of experi-
ence with remote learning. This increased familiarity may
have influenced both engagement and satisfaction lev-
els. Additionally, the reduction of teaching events across
universities globally during COVID-19 may have con-
tributed to increased engagement of participants in the
virtual courses.

Generalisability limitations

The findings of this study are based on a single ophthal-
mology revision course with self-selecting attendees,
many of whom were highly motivated and preparing for
a competitive national examination. As such, the results
may not be generalisable to all medical students or to
courses with different formats, content, or learning
objectives.

Future directions

Long-term knowledge retention and clinical impact were
not evaluated. To address this, future iterations of the
course will incorporate follow-up assessments and focus
group discussions to gain deeper qualitative feedback and
assess sustained learning outcomes.

Conclusions

This evaluation demonstrates that large-scale in-person
revision courses can be successfully adapted to a virtual
format without compromising educational quality. Tech-
nology-Enhanced Learning (TEL) played a central role
in supporting interactivity, engagement, and efficiency.
Both subjective and objective outcomes suggest that vir-
tual delivery preserved — and in some areas improved
— the learning experience. Importantly, accessibility was
broadened without sacrificing engagement metrics. This
study offers a replicable model for transitioning large
group teaching to virtual platforms in a pedagogically
robust way, widening the reach of these findings beyond
medical revision courses.

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512909-025-08194-4.

[ Supplementary Material 1. J

Authors’ contributions

All authors contributed towards the conception and design of the revision
course, the feedback questionnaires, and the study methods. EK conducted
the statistical analysis of all data and created the respective figures. All authors
contributed to the writing of the final manuscript and have approved the
submitted version. All authors read and approved the final manuscript.

Funding
No funding sources to declare.


https://doi.org/10.1186/s12909-025-08194-4
https://doi.org/10.1186/s12909-025-08194-4

Jafari et al. BMC Medical Education (2025) 25:1661

Data availability
The quantitative and qualitative data used to support the findings of this
study are available from the corresponding author upon request.

Declarations

Ethics approval and consent to participate

Advice was sought from UCL Research Ethics Committee. As a service
evaluation with no pre-determined standards, this study was deemed exempt
from ethics approval. The evaluation did not involve any changes to the
service being delivered for the purpose of the review. Additionally, the NHS
HRA REC toolkit was used (https://www.hra-decisiontools.org.uk/ethics/) and
deemed this study not to require formal ethics approval.

The need for informed consent to participate was deemed unnecessary by
UCL Research Ethics Committee. Feedback was acquired anonymously on an
entirely voluntary basis as part of a service evaluation.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Received: 17 September 2024 / Accepted: 21 October 2025
Published online: 27 November 2025

References

1. Kaur N, Dwivedi D, Arora J, Gandhi A. Study of the effectiveness of e-learning
to conventional teaching in medical undergraduates amid COVID-19 pan-
demic. Natl J Physiol Pharm Pharmacol. 2020;10:1. https://doi.org/10.5455/nj
ppp.2020.10.04096202028042020.

2. Chandra S, Laoteppitaks C, Mingioni N, Papanagnou D. Zooming-out COVID-
19: virtual clinical experiences in an emergency medicine clerkship. Med
Educ. 2020;54. https://doi.org/10.1111/medu.14266.

3. SudR, Sharma P, BudhwarV, Khanduja S. Undergraduate ophthalmology
teaching in COVID-19 times: students’ perspective and feedback. Indian J
Ophthalmol. 2020;68:1490. https://doi.org/10.4103/ijo.lJO_1689_20.

4. Hofmann H, Harding C, Youm J, Wiechmann W. Virtual bedside teaching
rounds with patients with COVID-19. Med Educ. 2020;54. https://doi.org/10.1
111/medu.14223.

5. Atreya A, Acharya J. Distant virtual medical education during COVID-19: half a
loaf of bread. Clin Teach. 2020;17:418-9. https://doi.org/10.1111/tct.13185.

6. Machado RA, Bonan PRF, Perez DE da, Martelli C, Martelli-Jinior DRB. I am
having trouble keeping up with virtual teaching activities: reflections in the
COVID-19 era. Clin (Sao Paulo). 2020;75:21945. https://doi.org/10.6061/clinics
/2020/e1945.

20.

21.

Page 11 of 11

Lee ICJ, Koh H, Lai SH, Hwang NC. Academic coaching of medical students
during the COVID-19 pandemic. Med Educ. 2020;54:1184-5. https://doi.org/1
0.1111/medu.14272.

Co M, Chu K. Distant surgical teaching during < Scp >COVID -19 - A pilot
study on final year medical students. Surg Pract. 2020;24:105-9. https://doi.or
9/10.1111/1744-1633.12436.

Kaup S, Jain R, Shivalli S, Pandey S, Kaup S. Sustaining academics during
COVID-19 pandemic: the role of online teaching-learning. Indian J Ophthal-
mol. 2020;68:1220-1. https://doi.org/10.4103/ijo.lJO_1241_20.

Longhurst GJ, Stone DM, Dulohery K, Scully D, Campbell T, Smith CF,
Strength. Weakness, Opportunity, threat (SWOT) analysis of the adaptations
to anatomical education in the united Kingdom and Republic of Ireland in
response to the Covid-19 pandemic. Anat Sci Educ. 2020;13:301-11. https://d
0i.0rg/10.1002/ase.1967.

Jayara S. The advantages and disadvantages of online teaching in medical
education. J Med Evid. 2020;1:144. https://doi.org/10.4103/JME.JME_159_20.
Duke Elder Undergraduate Prize Examination | The Royal College of Ophthal-
mologists. https://www.rcophth.ac.uk/examinations/duke-elder-undergradu
ate-prize-examination/. Accessed 28 Sep 2022.

Rojas Gualdron D, Parker K. Evaluation in health professions education:
enhancing utility and supporting innovation. Clin Teach. 2021;18:621-6. https
///doi.org/10.1111/TCT.13416.

Byrne D. A worked example of Braun and clarke’s approach to reflexive
thematic analysis. Qual Quant. 2022;56:1391-412. https://doi.org/10.1007/51
1135-021-01182-Y/FIGURES/D.

Garrison DR, Anderson T, Archer W. Critical Inquiry in a Text-Based Environ-
ment: Computer Conferencing in Higher Education. 2000.

Freeman M, Blayney P, Ginns P. Anonymity and in class learning: the case for
electronic response systems. Australasian J Educational Technol. 2006;22. http
s://doi.org/10.14742/ajet.1286.

Mayer RE. Multimedia learning. Psychology of learning and Motivation -
Advances in research and theory. 2002;41:85-139. https://doi.org/10.1016/50
079-7421(02)80005-6.

Roediger HL, Karpicke JD. Test-enhanced learning: taking memory tests
improves long-term retention. Psychol Sci. 2006;17:249-55. https://doi.org/10
1111/.1467-9280.2006.01693 .

Larsen DP, Butler AC, Roediger HL. Test-enhanced learning in medical educa-
tion. Med Educ. 2008;42:959-66. https://doi.org/10.1111/J.1365-2923.2008.03
124X

Sweller J. Cognitive load during problem solving: effects on learning. Cogn
Sci. 1988;12. https://doi.org/10.1016/0364-0213(88)90023-7.

Van Merriénboer JIG, Sweller J. Cognitive load theory in health professional
education: design principles and strategies. Med Educ. 2010;44:85-93. https/
/doi.org/10.1111/}.1365-2923.2009.03498 x.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.hra-decisiontools.org.uk/ethics/
https://doi.org/10.5455/njppp.2020.10.04096202028042020
https://doi.org/10.5455/njppp.2020.10.04096202028042020
https://doi.org/10.1111/medu.14266
https://doi.org/10.4103/ijo.IJO_1689_20
https://doi.org/10.1111/medu.14223
https://doi.org/10.1111/medu.14223
https://doi.org/10.1111/tct.13185
https://doi.org/10.6061/clinics/2020/e1945
https://doi.org/10.6061/clinics/2020/e1945
https://doi.org/10.1111/medu.14272
https://doi.org/10.1111/medu.14272
https://doi.org/10.1111/1744-1633.12436
https://doi.org/10.1111/1744-1633.12436
https://doi.org/10.4103/ijo.IJO_1241_20
https://doi.org/10.1002/ase.1967
https://doi.org/10.1002/ase.1967
https://doi.org/10.4103/JME.JME_159_20
https://www.rcophth.ac.uk/examinations/duke-elder-undergraduate-prize-examination/
https://www.rcophth.ac.uk/examinations/duke-elder-undergraduate-prize-examination/
https://doi.org/10.1111/TCT.13416
https://doi.org/10.1111/TCT.13416
https://doi.org/10.1007/S11135-021-01182-Y/FIGURES/D
https://doi.org/10.1007/S11135-021-01182-Y/FIGURES/D
https://doi.org/10.14742/ajet.1286
https://doi.org/10.14742/ajet.1286
https://doi.org/10.1016/S0079-7421(02)80005-6
https://doi.org/10.1016/S0079-7421(02)80005-6
https://doi.org/10.1111/j.1467-9280.2006.01693.x
https://doi.org/10.1111/j.1467-9280.2006.01693.x
https://doi.org/10.1111/J.1365-2923.2008.03124.X
https://doi.org/10.1111/J.1365-2923.2008.03124.X
https://doi.org/10.1016/0364-0213(88)90023-7
https://doi.org/10.1111/j.1365-2923.2009.03498.x
https://doi.org/10.1111/j.1365-2923.2009.03498.x

	﻿Comparing in-person and virtual delivery of a national ophthalmology revision course: a mixed-methods evaluation
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Course faculty
	﻿Course content and structure
	﻿Virtual course adaptations (2021–2022)
	﻿Evaluation framework
	﻿Evaluation questions
	﻿Participants and sampling
	﻿Data collection and analysis
	﻿Quantitative data
	﻿Qualitative data


	﻿Ethical considerations
	﻿Results
	﻿Questionnaire
	﻿TEL data
	﻿Geographic reach
	﻿Qualitative feedback


	﻿Performance in Duke elder summative examination
	﻿Discussion
	﻿Engagement and learning outcomes
	﻿Efficiency and cognitive load
	﻿Access and equity
	﻿Impact
	﻿Limitations
	﻿Methodological limitations
	﻿Interpretive limitations
	﻿Generalisability limitations
	﻿Future directions


	﻿Conclusions
	﻿References


