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Original Article

Using tele-ultrasound to teach medical students:
A randomised control equivalence study

Renee T. Zhao' (), Jasmine Deng', Ghadi Ghanem', Athreya Steiger', Lara Tang', David Haase',
Sima E. Sadeghinejad’, Jacqueline Shibata'? and Alan T. Chiem'?

"Department of Emergency Medicine, David Geffen School of Medicine at University of California-Los Angeles, Los Angeles,
California, USA
“Department of Emergency Medicine, Olive View-UCLA Medical Center, Sylmar, California, USA

ABSTRACT

Objectives: Undergraduate ultrasound education is becoming increasingly important, but its expansion is limited by time, space
and the availahility of trained faculty. In order to validate an alternative and more accessible teaching model, our aim was to
assess whether combining teleguidance and peer-assisted learning to teach ultrasound is as effective as traditional in-person
methods.

Methods: Peer instructors taught 47 second-year medical students ocular ultrasound via either teleguidance or traditional in-
person methods. Proficiency was assessed using a multiple-choice knowledge test and objective structured clinical examination
(OSCE). Confidence, overall experience, and experience with a peer instructor were measured using a 5-point Likert scale. Two
one-sided t-tests were used to measure equivalency between the two groups. The null hypothesis that the two groups were not
different was rejected when P < 0.05.

Results: The teleguidance group performed as well as the traditional in-person group in terms of knowledge change, confidence
change, OSCE time and OSCE score (p = 0.011, p = 0.006, p = 0.005 and = 0.004, respectively, indicating the two groups are
statistically equivalent). The teleguidance group rated the experience highly overall (4.06/5), but less than the traditional group
(4.47/5; P = 0.448, indicating statistical difference). Peer instruction was rated 4.35/5 overall.

Conclusion: Peer-instructed teleguidance was equivalent to in-person instruction with respect to knowledge change, confidence

gain and OSCE performance in basic ocular ultrasound.

Keywords: medical education, ocular ultrasound, peer-assisted learning, remote learning, teleguidance.

INTRODUCTION

The utility of point-of-care ultrasound as a portable bedside
diagnostic tool has expanded rapidly. With its growing popu-
larity, there has been a push over the past decade to incorporate
more ultrasound into medical curricula, beginning as early as
the undergraduate training years." Existing ultrasound educa-
tion has been well validated and shown to benefit students’
knowledge of anatomy, knobology and specialised techniques
like the FAST examination."> The expansion of ultrasound
education, however, is limited by the availability of trained cli-
nician instructors.' Furthermore, the COVID-19 era has intro-
duced space restrictions, limits on gatherings and added risk
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with in-person activities. To overcome these challenges, ultra-
sound education must continue to adapt and utilise new
advances in technology.

Remote teaching has emerged as one such solution to these
challenges.” Online lecture series and ultrasound didactics have
become increasingly used over the past decade, but the. Telegui-
dance is a novel, built-in, web-conferencing feature that allows a
learner to remotely contact an experienced sonographer who
can provide instruction and image interpretation in real-time.
The learner’s live camera and ultrasound image can be streamed
to the instructor, and the instructor in turn can annotate the
image, provide visual instructions for probe positioning and
control certain presets such as depth and gain.” There is prior
evidence that teleguidance is just as effective as traditional in-
person teaching methods in increasing student knowledge and
that teleguidance can be an effective tool to teach medical
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students and other healthcare professionals.* ® While an excit-
ing development, these studies rely on complex conferencing
set-ups or a limited pool of trained faculty instructors.

Peer-assisted learning (PAL) has been known to alleviate fac-
ulty teaching burden and could increase the availability of
trained instructors. The use of PAL in medical education has
increased in the past decade, as it has been known to be enjoy-
able for students, improve professional skills in peer instructors,
and be as effective as traditional faculty-led instruction.'® In
terms of ultrasound, peer instructors were rated just as highly
as physicians and, in some studies, even outperformed the
physician-led group on practical ultrasound examinations.'" '
Peer instruction is a promising avenue that has not yet been
studied in the context of remote ultrasound education.

Our study combined the use of teleguidance and peer
instruction and aimed at showing that teleguidance can be just
as effective as traditional in-person instruction. We taught ocu-
lar ultrasound to medical students and compared outcomes in
knowledge, confidence and clinical examination skills. We
hypothesise that teleguidance can be comparable, if not equiva-
lent, to traditional ultrasound training.

Materials and methods

This was a randomised control equivalence trial comparing tel-
eguidance and traditional peer education. The teaching topic
was optic nerve sheath diameter (ONSD) measurement, and
the intervention consisted of a short didactic and skills session.
Students took a knowledge and confidence pre- and post-test,
overall experience survey, and peer experience survey. All mate-
rials were created by the peer instructors and reviewed by fac-
ulty physicians unless otherwise noted. Our primary outcomes
were knowledge change, confidence change and objective struc-
tured clinical examination (OSCE) scores. Our secondary out-
comes were overall experience and experience with a peer
instructor. This protocol was reviewed and approved by the
institutional review board at Olive View-UCLA Medical Center
(No. 1743607) on 5 June 2022 and conforms to the CONSORT
guidelines for randomised clinical trials."” All participants pro-
vided informed consent before participating in this study. The
data that support the findings of this study are available from
the corresponding author upon reasonable request.

Participants

Forty-seven second-year medical students completed the study
at a California medical school in June 2022. Initial recruitment
was done through email and social media postings to the entire
class of 175 students. A sample size of 28 participants was
needed for an effect size of 1 and a power of 0.80 for our pri-
mary outcome of knowledge change. This sample size was cal-
culated using G*Power (v. 2.1.9.7, Diisseldorf, Germany). The
study enrolled as many people as possible during the one
month recruitment period. Eligibility criteria required students
to be actively enrolled in the medical school. Students had brief

92 AJUM May 2023 26 (2)

exposure to ultrasound knobology, FAST examination and
MSK ultrasound through their first-year curriculum, but no
prior exposure to ocular ultrasound.

Four second-year medical students served as peer instructors.
The instructors were selected based on their roles as Ultrasound
Interest Group coordinators for the medical school. Peer
instructors had no prior experience with ocular ultrasound and
underwent 4 hours of training with an ultrasound fellowship-
trained attending physician. Training involved didactics,
hands-on practice and teaching simulations with the telegui-
dance system. Afterwards, each student independently obtained
six ONSD practice measurements and practised teaching using
teleguidance.

Study design

The study design is illustrated in Figure 1. Upon enrolment,
students were assigned one of four study dates based on their
availability. Students were then put into groups of three to four
by the lead author using an online random grouping tool
(https://www.dcode.fr/random-selection). Peer instructors were
randomly assigned to each group such that they alternated
teaching methods on each date. Each date had a 1:1 allocation

4[ Pre-test ]_

» Knowledge (multiple choice)
» Confidence (5-point Likert)

[ Didactic ]

[ 60-minute Hands-on Session

Traditional group Teleguidance group
(n=24) (n=23)

Post-test
Knowledge
Confidence
Overall experience
Peer experience

v
[ OSCE (2 images) ]
v
—[ Analysis ]—
+ Two one-sided t-test (TOST)

* Null hypothesis was traditional # teleguidance
* Null hypothesis was rejected when p < 0.05

Figure 1: Study design.
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ratio of teleguidance to traditional instructors. Students had no
prior knowledge of which group they were assigned.

Prior to the intervention date, participants took a knowledge
pre-test that consisted of nine multiple-choice questions with
four answer possibilities. Questions were adapted from an insti-
tutional, faculty-reviewed question bank and focussed on
important concepts that were to be delivered through the skills
session. Participants also took a confidence pre-test adapted
from Poland et al.* that assessed each student’s confidence in
knobology and ocular ultrasound using a 5-point Likert scale,
with answers ranging from 1 (strongly disagree) to 5 (strongly
agree). All surveys were created using Qualtrics (v6.21, Seattle,
WA, USA).

The teaching intervention took place in medical school class-
rooms at the home institution. The overall learning objectives
were to: (i) obtain a clear view of the eye via ultrasound and
identify basic eye anatomy; (ii) take an ONSD measurement
and interpret the findings and (iii) review basic knobology and
gain familiarity with the Butterfly iQ+ (Guilford, CT, USA) sys-
tem. At the beginning of the intervention, a peer instructor
delivered a 15-min didactic session on ocular ultrasound basics.
Students then split into separate rooms with their assigned
group for the skills session. The teleguidance instructors used
the Butterfly iQ+ ultrasound probe and teleguidance system to
deliver remote, real-time instruction. The probe had a fre-
quency range of 1-10 MHz and a power output of 6.48 W/
cm?, which was confirmed to be within FDA ocular ultrasound
limits. Each Butterfly unit was connected to an Apple iPad Air
(second generation, Cupertino, CA, USA) with the Butterfly
iQ+ app (v2.3.0). Teleguidance instructors were in a separate
room from students and had no in-person interaction.

Groups were allowed 45 min of instruction and practice
time. Each instructor taught from a checklist of standardised
teaching points (Document S1). These teaching points included
knobology, probe movements, identifying pertinent anatomy,
finding a view of the lens and optic nerve, and using the anno-
tation feature to measure the ONSD. A two-page written expla-
nation on how to conduct the ONSD measurement was
included in each room, regardless of teaching group (Document
S2). Teleguidance content was identical except probe manoeu-
vres and adjustments were taught exclusively verbally, and the
augmented reality feature was used to teach anatomy and direct
students how to adjust their probes. At the time that the study
was conducted, the Butterfly iQ+ system could not support
annotations while using teleguidance. To confirm that the
ONSD measurement was made correctly in teleguidance
groups, students were instructed to end the call, use annota-
tions to measure the ONSD, send their completed image to the
instructor by text message and reconnect with the instructor.
Instructors were then able to give feedback on the accuracy of
the students’ measurements. Instructors were told to evenly dis-
tribute the amount of hands-on practice time each student
received.

© 2023 Australasian Society for Ultrasound in Medicine.

After the training, each student took a knowledge and confi-
dence post-test with questions identical to the pre-test. Students
also completed a questionnaire on their overall experience and
their experience learning from a peer instructor. Both surveys
used a 5-point Likert scale and were administered via the stu-
dents’ mobile devices without the peer instructor present in the
room.

After the post-test, students took an OSCE. All students were
given verbal and written instructions to find two images: (i) a
view of the lens and (ii) a view of the optic nerve with an ONSD
measurement (Document S3). Students were instructed to use
the correct pre-set, gain and depth. Views could be obtained via
either axial or sagittal plane. The peer instructors served as
patient models and did not give verbal instructions to the stu-
dents to ensure proper blinding. The time to obtain each view
was measured by the patient, with the start being when the gel
hit the patient’s eye and the end being when the testee notified
the patient they had found the view. Images were saved and
annotated with the participant’s ID number.

Images were scored based on both objective and subjective
criteria (Figure S1). For objective criteria, images were awarded
one point for each criterion that was met, with a maximum of
three points. For image 1, correct pre-set, appropriate gain to
visualise the posterior lens border and minimal echogenicity of
the vitreous humour in the posterior chamber were evaluated.
For image 2, evaluation included the correct pre-set, a measure-
ment depth between 0.29 and 0.31 c¢cm behind the retina and
the perpendicularity of the first line to the second line, which
measured the transverse diameter of the ONSD (see Document
S2 for an example). Subjective criteria involved a 5-point scale
on the overall image quality, adapted from an image grading
scale used by the American College of Emergency Physicians."®
The maximum OSCE score for each image was eight points.
Two study investigators who were blinded to the allocation
evaluated each image independently and rated image acquisi-
tion based on the ACEP imaging compendium. When there
was disagreement between the two reviewers, a third study
investigator acted as the tiebreaker.

Statistical analysis

A two-sided paired t-test was used to determine the significance
of pre- and post-knowledge change for both groups. Two one-
sided t-tests (TOST) were used to determine equivalence in
terms of knowledge change, confidence change, OSCE scores,
and experience scores between the teleguidance and traditional
groups. Equivalence design was chosen to show that this new
teaching method was as effective as the standard method. Sta-
tistical analysis was completed using Google Sheets (Mountain
View, CA) using the methods described by Lakens et al.'’
Graphs were constructed using the TOSTER package in R (v
4.1.1, Vienna, Austria). The equivalence bounds were defined
as the largest standard deviation of the traditional (control
group) within each metric category. These bounds were chosen
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based on what study investigators considered a clinically
important difference (i.e. if two students scored within one SD
within each other, this was deemed equivalent based on the
investigators’ experience in education). P-values were calculated
for both the upper and lower equivalence bounds. The null
hypothesis was that the 90% confidence interval (CI) of the tel-
eguidance study group was outside the equivalence bounds of
the traditional group for each metric (i.e. the groups were the
same). The null hypothesis was rejected when the larger P-
value was <0.05 (i.e. the groups were different, or either the
upper and lower boundaries of the 90% CI were outside the
equivalence bounds). To summarise, P < 0.05 signifies that the
groups are equivalent, and P > 0.05 means the groups are sta-
tistically different. Negatively phrased Likert questions in the
experience surveys were re-coded to their inverse so that total
scores could be compared (i.e. answering 5 on ‘I would have
preferred learning from a physician.” was re-coded to 1).

RESULTS

Final enrolment included 47 participants (27% of the second-
year class). Participant characteristics are shown in Table 1, and
the recruitment process is illustrated in Figure 2. No student
had previous experience with ocular ultrasound or the Butterfly
iQ+ probe. Intention-to-treat analysis was used and included
data from all students who wunderwent the teaching
intervention.

Means for knowledge, OSCE times and OSCE scores are
illustrated in Figure 3. Both groups had a significant increase in
knowledge (mean knowledge change = 30.5%, P < 0.0001). The
teleguidance group performed as well as the traditional in-
person group in terms of knowledge change, OSCE time and
OSCE scores (P =0.011, P = 0.005, P = 0.004, respectively; Fig-
ure 4). P < 0.05 implies statistical equivalence using TOST.
Participant self-reported confidence was statistically equivalent
between the traditional and teleguidance groups (P = 0.006;
Table 2). The effect size for knowledge and confidence change
was 0.264 and 0.149, respectively.

Table 1: Participant characteristics

Demographic Traditional Teleguidance
(n=24) (n=23)
Age, years, mean (SD) 242 (1.3) 25.1(2.1)
Sex
Male, n (%) 6 (38%) 10 (62%)
Female, n (%) 18 (58%) 13 (42%)
Hands-on ultrasound experience, 5.5 (2.6) 5.9(1.9)
hours, mean (SD)

SD, standard deviation.
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The teleguidance group had a mean overall experience score
of 20.3/25, which was lower than the traditional group (22.3/25;
P = 0.543, implying statistical difference; Table 2). Experience
with a peer instructor overall was positive (mean 21.8/25;
Table 2).

DISCUSSION

Ultrasound education is becoming increasingly important, but
its expansion is limited by time, space and the availability of
trained faculty. This is the first work to describe teaching medi-
cal students ultrasound using both teleguidance and traditional
peer-assisted learning. The teleguidance group performed as
well as the traditional group in all aptitude outcomes, including
knowledge change, OSCE scores, OSCE time and confidence
change. Both groups showed a significant increase in knowledge
and rated the experience highly overall. Our results show that
this can be an effective method of teaching medical students,
thereby expanding the ways that ultrasound can be taught.

On some metrics, the teleguidance group scored higher on
average than the traditional group. Teleguidance students were
able to obtain the ONSD measurement (Image 2, Figure S1),
the more difficult image to obtain, more quickly, although this
difference was not statistically significant. We hypothesise that
teleguidance students were already attuned to obtaining the
images on their own and thus were able to obtain them just as
well during the OSCE. The increased exposure and familiarity
with these tasks can reduce cognitive load, which may have
facilitated a large confidence increase in metrics such as setting
up the Butterfly iQ+ to start scanning. Teleguidance can set stu-
dents up to independently learn certain manoeuvres.

Our results are similar to those of previous studies, showing
that teleguidance is as effective in terms of increasing knowl-
edge, confidence and OSCE scores.*®” The literature shows that
in terms of knowledge change, teleguidance groups performed
comparably except in a study by Poland et al.* which showed
that the traditional group had a significantly greater knowledge
change. They hypothesised that students in the traditional
group had more time to ask questions. During our study, we
found that the traditional groups finished the skills portion
more quickly and could discuss concepts and practise more,
whereas the teleguidance groups went slower, needing more
verbal communication on how to hold the probe and obtain
certain views. Poland’s* study also showed that the teleguidance
group scored significantly higher on the OSCE, although our
study and others showed that the two groups scored equally
well.*>” Thus, prior results are somewhat mixed, but they con-
clude similarly that teleguidance is an effective teaching
method.

Overall, the teleguidance group rated the experience highly,
although statistically lower than the traditional group. Both
groups would have rather been in the traditional in-person
group. Previous studies have also shown that teleguidance stu-
dents performed just as well but still preferred in-person

© 2023 Australasian Society for Ultrasound in Medicine.
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Enrollment

Assessed for eligibility (n = 175)

Excluded (n=121)
» Unresponsive to survey (n = 116)
» Could not make any (n=5)

A 4

A4

study dates

Randomized (n = 54)

!

' (
\

Allocation ] v

Allocated to traditional group (n =27)

» Received intervention (n=24)

* Did not receive intervention (n = 3)
* Late cancellation (n=23)

Allocated to teleguidance group (n = 27)

» Received intervention (n=23)
» Did not receive intervention (n=4)
» Late cancellation (n=4)

l [ Analysis ] l
Analysed (n = 24) Analysed (n =23)
Figure 2: Study recruitment process.
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Figure 3: (a) Knowledge scores of traditional (n = 24) and teleguidance groups (n = 23) with 90% confidence intervals (Cl). (b) OSCE scores and
(c) OSCE completion times of traditional (n = 24) and teleguidance (n = 23) groups with 90% CI. OSCE, objective structured clinical examination

teaching methods.* Perhaps teleguidance learning requires
more patient listening and limits the time available to practise,
ask questions and interact socially with instructors. Thus, a tra-
ditional setting that allows for such interactions may be impor-
tant for student enjoyment. Additionally, there may be a stigma
against remote learning because of its prevalence in medical
education during the COVID-19 pandemic.” Personal charac-
teristics such as age, comfort with technology and attitudes
towards technology have significant impacts on how students
perceive remote learning.'® To make teleguidance more enjoy-
able, perhaps instructors can focus on interactive image

© 2023 Australasian Society for Ultrasound in Medicine.

acquisition and reserve didactic knowledge for in-person or
online modules. Overall, teleguidance can be a less preferable,
but still enjoyable learning experience for medical students.

The students had a very positive experience working with
peer instructors. Peer teaching also improved student knowl-
edge effectively, as illustrated by the increase in knowledge by
30.5% in both groups. One of PAL’s many advantages is its uti-
lisation of cognitive and social congruence. Cognitive congru-
ence is the idea that the similarity in knowledge between tutor
and tutee allows the tutor to better understand challenges in
understanding certain concepts, allowing them to teach at a

AJUM May 202326 (2) 95
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@ Knowledge

-17.5 175

-20 10 0 10 20
Mean difference (%)
(b) OSCE Score

-15.9 15.9
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Mean difference (%)

() OSCE Time

-89.2 89.2

T : T T T : T
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Mean difference (sec)

Metric p-value  Equivalent?
Pre-test 0.005 Yes
Post-test  <0.001 Yes
Change 0.011 Yes
Image 1 <0.001 Yes
Image 2 0.003 Yes
Image 1 <0.001 Yes
Image 2 0.041 Yes

Figure 4: (a) Mean knowledge differences (black square) of traditional (n = 24) and teleguidance groups (n = 23) with 90% (dark line) and 95%
(light line) confidence intervals (Cl). (b) Mean OSCE score differences and (c) mean OSCE completion time differences of traditional (n = 24) and
teleguidance (n = 23) groups with 90% and 95% Cls. Metrics were equivalent when both boundaries of the 90% CI were within the equivalence

bounds. OSCE, objective structured clinical examination

more appropriate level. Social congruence promotes a comfort-
able environment to ask questions without fear.'”'>*° More
time and social freedom to ask questions and receive feedback
can improve knowledge acquisition, and since ultrasound is
also a relatively complex topic with a steep learning curve, a
more relaxed environment with a near-peer educator may be
better suited for learning. The increased availability, cognitive
congruence and social congruence of peer instructors can be a
valuable supplement to faculty-led instruction.

Our approach generally has wide implications for expanding
ultrasound education in the COVID-19 era and beyond. Clini-
cal ultrasound is becoming even more important as it can help
improve diagnoses and management of COVID-19 patients,
and teleguidance has been recommended as the solution to
continue ultrasound training throughout the pandemic.”' Our
study validates the use of teleguidance for undergraduate
trainees. Additionally, the COVID-19 era has been defined by
social distancing restrictions, inequitable access to in-person

96 AJUM May 2023 26 (2)

activities and a need for more remote learning resources, for
which medical education has been forced to make large techno-
logical advances to adapt.”* The combination of teleguidance
and PAL reduces the restrictions in classroom space and time,
improves access to trained educators and can also be a solution
for those learning in under-resourced environments. It is possi-
ble to imagine a future where students can practise ultrasound
on their own during ‘office hours’ and call peer instructors via
teleguidance to ask for guidance. Training students via telegui-
dance can also make students more adept at teaching future
peers and even patients to obtain their own images via telegui-
dance, making the benefits of such a system self-perpetuating.
Teleguidance represents an advancement in technology that
can greatly expand opportunities for ultrasound education.

Limitations

Limitations of the study include small sample size and self-
selection bias. Participants may have above-average

© 2023 Australasian Society for Ultrasound in Medicine.
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Table 2: Confidence and experience scores of traditional (n = 24) and teleguidance (n = 23) groups

Question Mean (SD) TOST
Tradit Teleguidance Equivalence p-
bounds value
Confidence change
| feel comfortable:
Adjusting the depth and gain of the device 25(1.0) 28(1.1) +1.37 <0.001
Setting up the device so | can start scanning 25(0.7) 29(0.9) <0.001
Completing an ONSD measurement 3.0(0.6) 3.0(0.8) <0.001
Determining the correct orientation of the ultrasound probe 20(14) 20(1.2) <0.001
Finding and identifying pertinent anatomy of the ONSD measurement 28(0.7) 29(1.0) <0.001
Determining a positive ONSD result 3.1(0.7) 29(0.8) <0.001
Total 15.9 16.4 (4.1) +343 0.006
(34)
Overall experience:
The educational format was effective 48(0.4) 44(0.7) +0.58 0.150
| would have preferred learning in the other teaching group® 3.7 (0.6) 2.7(0.9) 0.956
The session improved my understanding of eye anatomy 4.4 (0.6) 42(0.8) 0.035
| would learn ultrasound by this teaching method again 4.7 (0.6) 45(0.7) 0.018
| had a positive experience learning ultrasound by this teaching method 48(0.4) 45(0.6) 0.022
Total 223 20.3 (3.0) +1.95 0.543
(20)
Peer experience:
The peer teaching method was effective 4.7 (0.5) 45(0.5) +0.72 <0.001
My peer instructor was competent 48(0.4) 4.7(0.5) <0.001
I would have preferred learning from a physician? 3.1(0.7) 3.2(0.9) 0.007
| would learn ultrasound from a peer instructor again 4.5 (0.6) 4.5(0.6) <0.001
I had a positive experience learning ultrasound from a peer instructor 49(0.3) 4.7 (0.5) <0.001
Total 219 217 (2.3) +1.94 0.005
(1.9)

ONSD, optic nerve sheath diameter; SD, standard deviation; Trad, traditional group; Tele, teleguidance group; TOST, two one-sided t-tests.

P < 0.05 implies equivalence. P > 0.05 implies non-equivalence.
@ Re-coded to its inverse.

enthusiasm in ultrasound and education, which may have
biased scores higher. Additionally, the high baseline knowl-
edge from both groups may have caused us to underesti-
mate differences as a result of our intervention since
participants could only improve by a finite number of
points. Our training focused on a very specific technique,
which does not necessarily apply to other ultrasound topics,
limiting the generalisability of our findings. Our knowledge

© 2023 Australasian Society for Ultrasound in Medicine.

test and OSCE, however, contained multiple question levels,
which makes our results more generalisable to different
topics. An additional limitation is that our assessments
were conducted immediately after learning and may not
reflect long-term knowledge gain. Future work could vali-
date our findings in the long term, at other institutions
and amongst other study populations. Overall goals could
be to examine the role of teleguidance education in

AJUM May 202326 (2) 97
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producing long-term learning outcomes or translation to
patient care.

Conclusion

Peer-instructed teleguidance was equivalent to in-person
instruction with respect to knowledge change, confidence gain
and OSCE performance in basic ocular ultrasound.
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Figure S1. OSCE grading criteria.
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Document S1. ‘Skills teaching checklist’.
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Document S3. ‘Ultrasound study OSCE checklist’.
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