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Abstract

Background: The COVID-19 pandemic has created unprecedented challenges to health service delivery
around the world, with an adverse impact on doctors-in-training. However, creating an opportunity to
utilise and apply digital tools to replace most, if not all, face-to-face teaching. The aim of this study was
to ascertain the feasibility and effectiveness of virtual training of basic surgical skills using the Kirkpatrick
model of curriculum evaluation.

Methodology: Medical students were recruited for basic surgical skills courses. The virtual (intervention)
group was taught over two weeks via Zoom and the in-person (control) group had traditional, face-to-face
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teaching, both for 6 hours in total. Groups were assessed using the validated OSATS tool at weeks one,
two and at four months for skill retention. Feedback was collected to ascertain participant reaction and
behaviour change. Groups’ progressions were analysed calculating means, intra- and inter-group analysis
was compared using independent and paired t-tests.

Results: 48 participants were recruited, 24 students in both groups. Virtual mean OSATS scores at
weeks one and two were 15.94 and 18.97 respectively (p=0.001), whilst for the in-person group means
were 17.67 and 18.44 (p=0.02). Virtual participants were outperformed by in-person in week one, with
mean scores of 15.71 and 17.67 respectively (p=0.002). By week two, both groups had comparable
scores with virtual and in-person scoring 18.97 and 18.44 respectively (p=0.31). Both groups showed skill
retention, but the virtual group had a significantly lower mean score of 17.88 vs. 19.50 (p=0.04). Feedback

was positive across the board with students more likely to consider a career in surgery.

Conclusion: Virtual teaching of basic surgical skills can be a feasible and useful adjunct to traditional

surgical teaching.
approach.

Future curricula should consider the use of digital platforms, perhaps in a hybrid

Keywords: Curriculum; Assessment; Evaluation; Kirkpatrick; Education; Virtual; Surgical skills.

Abbreviations: BISA/BIMA: British Indian Surgical & Medical Association; OSATS: Objective Structured

Assessment of Technical Skill; GRS: Global Rating Scale.

Introduction

The COVID-19 pandemic has created unprecedented challeng-
es to health service delivery around the world, with an adverse
impact on doctors-in-training. In the UK alone it is estimated that
1.5 million elective procedures were cancelled or postponed, re-
sulting in a 33.6% drop-in surgical activity in 2020 [1]. As well as a
burden on patients, this has had a huge impact on trainees, with
each of these procedures representing a lost teaching opportu-
nity. 41% of surgical trainees were redeployed to help with staff
shortage, with 74% of those for longer than four weeks, in addi-
tion there was complete loss of procedural training in over 65% of
trainees. Worryingly, only 9% reported that they would meet all
required competencies expected that year [2]. A survey by Choi
et. Al [3] of 440 students from 32 UK medical schools revealed
that 38.4% had their final OSCE cancelled, and 43% had their stu-
dent assistantships postponed, which had a significant effect on
their confidence in entering first year placements.

The pandemic has created an opportunity to utilise and apply
digital tools to replace most, if not all, face-to-face teaching. Due
to the nature of restrictions, many educational resources includ-
ing lectures and final examinations had to go online [4,5]. Remote
learning has subsequently shown benefits such as reduced costs
in travel and resources [6], flexibility, and better accessibility[7]
allowing students to continue receiving medical training despite
social distancing. Studies have found that the utilisation of online
resources in place of previously classroom-based teaching has
been well received by trainees and faculty alike [8-10] and could
therefore become essential to medical curricula.

There is limited evidence showing the application of virtual
training to practical tasks such as basic surgical skills, although
students reported positive responses [11-14]. Of these, three
studies have objectively evaluated a virtual teaching programme
of surgical skills by formally assessing performance, but there
have been no reports further evaluating skill retention [12-14].
However, whether virtual training is as effective in teaching surgi-
cal skills when compared to traditional face-to-face methods is an
important question to consider.

The aim of this study was to ascertain the feasibility and effec-
tiveness of virtual training of basic surgical skills using the Kirkpat-
rick model of curriculum evaluation [15].

Methodology

This was a prospective observational cohort study recruiting
medical students, without prior suturing experience, who partici-
pated in a series of training sessions on basic suturing techniques
over a total of 6 hours.

The virtual (intervention) group were recruited through the
British Indian Surgical & Medical Associations (BISA/BIMA) for
undergraduate medical students. A Basic Surgical Skills Teaching
Series was advertised through the social media accounts of BISA/
BIMA and was open to all undergraduates across the UK. Students
were asked to complete an application form online, with places
being allocated on a first come first serve basis. The first 24 out
of 150 students to register for the virtual teaching series were
selected for the course. Complete data were obtained from 17
participants in the virtual group as 7 failed to return assessments
to the research team.

Sessions were delivered online through Zoom Video Commu-
nications, Inc., where participants received a total of 6 hours of
teaching. Prior to the first session suturing kits funded by ©2022
Sigma Lance and provided by BISA (Supplementary Material)
were sent out including a silicon suturing pad, 3-0 silk sutures, a
needle driver, a pair of toothed and non-toothed forceps, suture
scissors, and a sharps pad for disposal. Industry was not involved
in designing the curriculum, running the teaching or analysing the
results. Sessions were taught by specialist trainees and consul-
tants, with a ratio of three to four participants per tutor in break
out rooms. The structure of the session was as follows; the lead
tutor described the instruments and their use, followed by a dem-
onstration of the suture and knot tie with commentary, then re-
peated without. Participants were then split into their breakout
rooms and given time to practice along with live feedback from
their tutor. Assessments were performed by the tutors at the end
of the sessions on week one and two, using a validated Objective
Structured Assessment of Technical Skill (OSATS) tool which com-
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bined a task-specific checklist and a Likert format Global Rating
Scale (GRS) [16] (Appendix 1), to give a final score out of 21.

The in-person (control) group were recruited from the cohort
of intercalating medical students from University College Lon-
don, attended conventional face-to-face surgical skills training
sessions. These participants underwent two half day workshops
(total of 6 hours training) on basic suturing skills with the same
equipment and structure of training sessions as the virtual group.

The Kirkpatrick model of evaluation was applied for this cur-
riculum consisting of four levels described below.

Appendix 1
1. OSATS tool

Objective Structured Assessment of Technical Skills (OSATS):

Suturing
Candidate name: Self-assessment: yes/no

(select appropriate): Tutor: Date:

Checklist Yes No

Selects appropriate instruments

Total score: Checklist + global rating scale (

/21)

2. Example Session Feedback Form — In-person group

Needle loaded ¥ to 2/3 from tip

Bite depth and distance from wound edge appropriate 0.5cm-1cmm

Needle enters tissue perpendicular (90 degree)

Single attempt taking bites

Forceps used to hold skin

Supinates wrist

Approximates wound edges (appropriate eversion)

Secures square knot with hand or instrument tie - surgeons knot first
throw

Appropriate number of throws i.e. 3-4 braided, 6-7 monofilament

Sutures placed appropriate distance apart/equal bites each side

Cuts suture tail correct length

Avoids handling needle with fingers

Avoids torqueing skin i.e. sutures placed incorrectly

Avoids grasping needle tip

Avoids multiple forceps grasps on tissue/damaging tissue or foam
pad

Score /16

Task:
Global rating scale (Please mark/highlight) /5

1-  Poortechnique, poor manual dexterity/instrument handling
and unacceptable knot/closure

2- In between 1 and 3

3-  Moderately good technique, moderate manual dexterity/
instrument handling, acceptable knot

4- In between 3 and 5

5-  Excellent Technique, excellent manual dexterity, and
excellent knot

mnw we need your help ~ we are always looking to improve cur events and to give our Institute \
participants what they need. How well did we do for you? e
Please indicate your overall | What were you hoping to gain from attending?
star rating for this event:
A A A A A
T
Indicate your level of Heutal | Agree Comments
reement with each of | -
| - ‘ ‘
|
setting for this event |
This event was good value |
for money
| will recommend this
event o my colleagues | |
fe = 2 - —
Which session did you find the mast | Which aspects of the event could be ‘What topics would you ke to
useful and why? | improved? see us cover in future events?
|
| |
|
|
- e 1
What actions do you plan to take after
fing this event?
We would like to follow up with you in & months to find out if this event has been beneficial for you in the longer
term. If you agree to us sending you a follow up feedback form, please enter you name and email address below

N

3. Example Session Feedback form -Virtual group

/

What did you learn from this session ? *

Your answer

How useful did you find this session ? *

1 2 3

Not very O O O

Wha was your tutor for this session ?

n
What feedback do you have for your tutor ? *
1 = Very dissatisfied 5 = Very satisfied

Your answer

Very much
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N

What could be improved for next time 7 *

Your answer

How satisfied were you with the session content?

Both presented and pre-read material

Poor O O O O O

Name *

Your answer

Excellent

4. Overall feedback form - Virtual and in-person groups

~

NG

How confident did you feel suturing before the series? *

1 2 3 4 5

Not very O O @) &) O

How confident do you feel suturing after the series 7 *

1 2 3 4 5

Not very O O O O O

How confident did you feel instrument knot tying before this series 7 *

1 2 3 4 5

- Not very O O ®) ) O
O Yes
O No

(O rmnotsure

Would you recommend this teaching series ? *

O Yes
O No

Very much

Very much

Very much

/

Supplementary material

Sigma Lance © EDGE MK IV - Pre-Cut, Great Value System used
for the virtual group

/

Level 1 — Participant reaction

Level 1 evaluates reaction towards the learning experience
through standard course evaluation forms assessing how partici-
pants perceive the quality and value of training. Feedback ques-
tionnaires were completed at the end of each session for both
groups, via Google Forms for virtual and paper handouts for in-
person participants (Appendix 1). Questions covered expectations
of the course, usefulness of the sessions, satisfaction with the tu-
tors’ teaching, as well as areas for improvement.

Level 2 — Skill acquisition

Level 2 measures the degree to which training improves par-
ticipant knowledge and skills. In both groups, the OSATS tool was
used to objectively by the trainers to assess participants’ ability to
perform basic suturing skills at weeks one and two of the course.

Level 3 and 4: Evaluation of skill retention and impact

Change in behaviour was assessed through Google Forms
feedback [Appendix 1] at the end of each training period for both
groups. Questions evaluated confidence in suturing before and
after the teaching series, whether they were more likely to pur-
sue a career in surgery or organise theatre experience, and if they
would recommend the course.

In addition to this, we objectively measured skill retention in
both groups at four months after completion of their respective
courses. The virtual group was requested to submit self-recorded
videos of basic suturing tasks, whilst the in-person group were in-
vited back to a face-to-face session for reassessment of the same
tasks. The skill retention assessments were done by a single spe-
cialist level assessor using the same OSATS tool; weeks one and
two mean scores were then compared to this.

Data collection and statistical analysis

We collected demographic information of all participants
which included year of university course, and previous surgical
experience. Mean OSATS scores were calculated for weeks one,
two and skill retention sessions in both groups. An independent
sample t-test was used to compare the mean scores of virtual ver-
sus in-person groups at each stage. Each groups’ progression from
week one to two, was measured by calculating the mean scores
and compared using a paired samples t-test. Finally, skill retention
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in each group was evaluated using paired samples t-test to com-
pare mean scores of weeks one and two. Two tailed p values were
considered significant if under 0.05. Analysis was performed using
IBM SPSS statistics version 28.0.1.1.

Results
Demography

In total 48 participants underwent the training, with 13 (54.2%)
females in the virtual group, ranging from year one to four medi-
cal students from ten different universities across the UK. The
in-person group were all intercalated medical students after their
third year and consisted of 10 (41.7%) females. No participants
had any prior exposure or formal training of surgical skills.

Evaluation of Curriculum

Complete evaluation data were received from 17 (70.8%) vir-
tual participants at week one and 16 (66.7%) after week two while
course feedback was collected from 24 (100%) participants from
the in-person group.

Level 1 — Participant reaction

Participant reaction from both groups was highly positive (Fig-
ures 1 and 2), with feedback from virtual sessions showing com-
parable favourable opinions to that of face-to-face sessions. Over-
all, virtual participants found their sessions to be highly useful,
with an average score of 4.68/5, in comparison to 5/5 for the in-
person group. The virtual group were overall thoroughly satisfied
with the contents of the session, giving an average satisfaction
score of 4.79/5.

Points praised in virtual teaching were the interactivity of
the sessions, clarity of demonstrations, and quality of teaching
from the tutors. Participants highlighted the individual feed-
back provided, and described the tutors as “helpful”, “engaging”
and “friendly”. Similarly, the in-person group complimented the
equipment and tutors providing “really helpful advice” with “well
taught” sessions.

Issues highlighted in the virtual training were that of time
restrictions and technical limitations. This included issues with
camera focus and angle, with screen limitations sometimes pre-
venting a clear view of demonstrations. Problems with internet
connectivity were also noted by some participants, causing inter-
ruption to the session.
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Level 2 - Skill acquisition: Objective evaluation

Both virtual and in-person groups showed progression (Figure
3), with the mean week one and two scores of the virtual partici-
pants (n=16) being 15.94 (SD 2.05) and 18.97 (SD 2.00) respec-
tively (mean difference 3.03, t=4.07, SD 2.98, 95% Cl 1.44-4.62,
p=0.001), whilst for the in-person group (n=24) mean scores were
17.67 (SD 1.59) and 18.44 (SD 1.36) respectively (mean difference
0.77,t=2.47,SD 1.52, 95% Cl 0.13-1.41, p=0.02).

Comparing group performance at each week demonstrated
that the virtual group was out performed by the in-person in
week one, with mean scores of 15.71 (SD 2.20) (n=17) and 17.67
(SD 1.59) (n=24) respectively (mean difference 1.96, t= 3.31, SE
0.59, p=0.002). However, by week two, both groups had compa-
rable scores with virtual and in-person scoring 18.97 (SD 1.94)
and 18.44 (SD 1.36) respectively (mean difference 0.53, t=1.04, SE
0.52,95% Cl -0.51-1.57, p=0.31).

(s N

Progression of Mean OSATS Scores

= - [N
5] « ]
Mean OSATS + GRS scores

[

Week 1 Week 2 Skill retention
H Virtual ® In-person
Qigure 3: Mean OSATS scores of each group at each session. J

Level 2 - Skill acquisition: Self-evaluation

From 10 (41.7%) virtual group responses to the final feedback
survey, participants clearly felt that they had improved in specific
skills set out by the course, with their confidence in instrument ty-
ing improving from an average score of 1.6/5 before the course to
4.4/5 after (corresponding to a 175% improvement in self-rated
score), and suturing (1.4 to 4.2/5 i.e. a 200% improvement). From
9 (37.5%) in-person responses, confidence in instrument tying im-
proved from 2.56/5 before the course to 4.56/5 after the course
(78% increase) and 2.44 to 4.44/5 (82% increase) for suturing.

Level 3 and 4 evaluation of skill retention and impact: Objec-
tive evaluation

Upon completion of the training, self-recorded skill retention
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videos were submitted at four months by a total of 13 (76.5%),
out of the 17 who returned assessments, from the virtual group,
whilst 8 (33.3%) from the in-person group returned for reassess-
ment. Skill retention was analysed for these participants, within
and between groups. Comparison between groups revealed that
the virtual group had a significantly lower mean score of 17.88
(SD 1.92) than the in-person group with 19.50 (SD 0.75) (mean
difference 1.62, t=2.26, SE 0.72, 95% Cl 0.12-3.11, p=0.04).

However, when looking independently at each group’s scores,
both were able to maintain or improve their performance at 4
months. From the virtual group, week one to skill retention mean
scores (n=13) of 16.08 (SD 2.18) and 17.88 (SD 1.92) respectively,
showed a significant improvement of 1.80 (t=2.23, SD=2.93, 95%
Cl 0.04-3.58, p=0.046). Their week two and skill retention mean
scores (n=13), 19.27 (SD 1.67) and 17.88 (SD 1.92) respectively,
had a mean difference of 1.39 (t=1.62, SD 3.09, 95% CI -0.48-3.25,
p=0.132), although statistically this was not significant.

The in-person group from week one to skill retention (n=8) also
showed an improvement with respective mean scores of 18.75
(SD 1.41) and 19.50 (SD 0.75) (mean difference 0.75, t=1.60, SD
1.60, 95% Cl -2.09-0.59, p=0.23). Similarly, their mean scores in
week two of 18.88 (SD 1.06) (mean difference 0.62, t=1.53, SD
1.53, 95% CI -1.90-0.65, p =0.29) showed improvement, which
again was not significant, likely due to a small comparative sample
size.

Level 3 and 4 evaluation of skill retention and impact: Self-
evaluation

Further ‘Overall Feedback’ responses were submitted by 10
virtual and 9 in-person participants, assessing the course’s impact
on participant’s behaviour. 100% of participants in both groups
would recommend their respective teaching series and were
more likely to organise theatre experience following their course.
100% of virtual participants responded they were more likely to
pursue a career in surgery after their course, in contrast to 88.9%
of in-person participants.

Discussion

Our study aimed to establish whether virtual teaching is a
feasible and effective means of providing basic suturing training
when compared to the traditional face-to-face approach. This
curriculum was pragmatically applied to medical students and
evaluated comprehensively by applying the Kirkpatrick model,
using objective assessments. Our results have demonstrated that
participants were able to achieve similar progression in basic
suturing skills after two weeks of virtual teaching, compared to
traditional training. Furthermore, participants were able to re-
tain skills learnt remotely, and apply them after four months to a
similar level of competency as achieved by the end of their train-
ing. Lastly, feedback from the participants was equally positive in
both groups and enthused many to potentially pursue a career in
surgery.

Recent years have seen a rapid development in online techno-
logical advances, and the effects of the pandemic has accelerated
the transition to remote working and learning. This is particularly
pertinent now given the significant disruption to surgical training
caused by the pandemic, highlighted by the annual GMC report in
2021". This revealed that 40% of trainees felt they were not on

course to undertake the expected number of operative and prac-
tical procedures due to a reduction in opportunities to gain the
required curriculum competencies. Furthermore, 40% of trainees
felt that they were not provided with alternatives to compensate
for these lost opportunities. As medical education has shifted to-
wards distance learning, it is important that surgical training can
also adopt effective virtual practices so that technical skills can
continue to be taught at the same frequency and to the same
standard.

The application of virtual teaching for basic surgical skills is
also considered an appropriate method to test and evaluate the
impact of teaching on those skills. Basic surgical skills have been
highlighted by the General Medical Council (GMC) as a technical
procedure competency in newly qualified doctors [18], yet de-
spite this, basic suturing is only present in a minority of medical
school curricula [19]. This combined with the challenges posed
to medical education by the pandemic will undoubtedly lead to
reduced student exposure to surgical training. In attempts to ad-
dress this there have been innovative examples of teaching meth-
ods employed [14,20].

In this study we applied a robust evaluation methodology
through Kirkpatrick’s model. Firstly, we demonstrated positive
participant reaction that correlated to the existing literature
[9,11], with overall high satisfaction with the course, including
positive feedback on the level of interaction with the faculty. This
however, required a high faculty to participant ratio, which can be
afforded virtually, with training sessions easily attended by surgi-
cal tutors without impacting on their clinical work.

Secondly, we applied OSATS, a validated and reliable tool to
objectively evaluate suturing skills [21-23]. The OSATS tool used
consists of two components; a task-specific checklist, which
breaks down the surgical task into discrete segments, and a GRS,
which gives a generic Likert scale scoring of overall technical abil-
ity. A modified version of this tool specific to basic surgical su-
turing was applied as a formative and summative assessment in
our study, allowing us to track participant progression from weeks
one to two as well as providing valuable feedback.

Interestingly, performance was evidently weaker in virtual del-
egates after the first teaching session than those taught face-to-
face, suggesting that skill acquisition may be slower for virtually
teaching basic suturing skills. Potential explanations may be that
visuospatial concepts, such as knot-tying, may be more difficult to
grasp through a two-dimensional screen, and technical glitches
such as Wi-fi interruptions may cause lagging of video demonstra-
tions. As such, issues noted in the feedback evaluation highlight-
ed the necessity of ensuring good internet connection, camera
resolution and view, which should be taken into account to im-
prove future courses. Additional limitations exist within a virtual
classroom which impede the flow of the teaching, such as the tu-
tor having to switch from screen-to-screen to assess and provide
feedback to participants individually.-

Our study showed that at four months after the end of train-
ing both groups exhibited skill retention with higher mean OSATS
scores when compared to the first week, and comparable mean
scores at week two when they had had the most teaching and
practice. The in-person group had a higher but non-significant
mean score at the skill retention session compared to the virtual
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group, however, we were only able to assess a small sample of
the control group at four months, which may have led to an invol-
untary selection bias towards more committed participants who
continued to practice and potentially skewing the true results. On
the other hand, this subset in-person group did not have the kit
at home to practice yet still demonstrated their best scores at skill
retention. Final feedback responses also indicated behavioural
change in participants, whereby students felt more encouraged to
involve themselves in theatre opportunities, as well as potentially
pursue a career in the surgical field.

Limitations

This study has some limitations including a small sample size
and lack of randomisation of both groups. Additionally, there
was an incomplete collection of data, which was evident in both
groups for different reasons. The virtual assessments relied on tu-
tors and participants to email forms back to the researchers, and
as there were multiple tutors in each session it was difficult to
retrieve a full data set. This led to missing data which necessitated
the exclusion of those participants from analysis. Meanwhile, the
in-person group had mandatory attendance for face-to-face train-
ing as part of their iBSc intercalated year, therefore, there was
full attendance to both training sessions with complete collection
of data. However, when evaluating skill retention, fewer students
returned for the face-to-face reassessment session. This lack of
attendance was due to conflicting medical school commitments
as they entered their clinical years. In contrast, the majority of vir-
tual students submitted skill retention videos after four months,
highlighting the convenience of virtual teaching and assessment,
as these participants were able to submit videos from their own
home at a time of their convenience. Additionally, this was easier
for the tutor who could assess videos at a time of their choosing.
Taking this into consideration for reassessment methods in future
training curricula, if feasible financially, suturing kits could be pro-
vided for students taught face-to-face, allowing not only at-home
practice but also easier reassessments for both tutor and student.

Conclusion

This study demonstrated that virtual teaching of basic surgical
skills can be a feasible and useful adjunct to traditional surgical
teaching. Future curricula should consider the use of digital plat-
forms, perhaps in a hybrid approach, to ensure that missed train-
ing opportunities can be compensated.
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