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ABSTRACT

Background and objective: Traditional point-of-care ultrasound (PoCUS) teaching that relies on hands-on
practice faces challenges of limited scale and infection-control constraints during pandemics. We designed a low-
contact curriculum integrating near-peer teaching (NPT) with faculty remote supervision (RS) and evaluated its
effectiveness versus on-site faculty-led teaching.

Methods: In this randomized controlled pilot trial, 69 senior medical students were assigned to NPT+RS (n=34) or
faculty-led control group (n=35). Both groups received identical didactic and hands-on training, with the NPT+RS
group incorporating multi-camara telemedicine supervision by the faculty to support NPT. The primary outcome
was the Entrustable Professional Activity (EPA)-based Objective Structured Clinical Examination (OSCE) score
with four major domains measured 1 month after training. The secondary outcomes included the technology ac-
ceptance model (TAM) survey and the OSCE feedback.

Results: Total OSCE scores (74.9 vs 76.8; p=0.614) and the Indication-Acquisition-Interpretation-Medical deci-
sion domain scores did not differ between two groups. For single items, only a lower interpretation performance
at the posterolateral alveolar/pleural syndrome in NPT+RS group (4.6 vs 6.5; p=0.013) was found. The NPT+RS
group reported higher perceived usefulness (efficiency, usefulness, performance, productivity; all p<0.05), with no
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between-group difference in perceived ease-of-use. The OSCE was more often perceived by the NPT+RS group
as revealing weaknesses (p=0.002) and meriting routine post-training implementation (p=0.034).

Conclusions: A low-contact PoCUS curriculum integrating NPT with RS achieved overall EPA-based OSCE per-
formance comparable to traditional faculty-led instruction while enhancing perceived usefulness and assessment

acceptance. Implementation of this model allows for greater training capacity and decreased contact. The capacity

of NPT for image-interpretation skills warrants investigation (ClinicalTrials.gov number, NCT06777641.).

Key words: Point-of-care ultrasound; near-peer training; remote supervision; entrustable professional activities;

technology acceptance.

Introduction

Point-of-care ultrasound (PoCUS) has trans-
formed ultrasound from a centralized, time-consuming
diagnostic test into a rapid, problem-oriented bedside
assessment that augments history and physical exami-
nation (1-4). By enabling integrated, organ-spanning
evaluation in minutes, PoOCUS improves diagnostic
efficiency and supports critical decisions across acute
care contexts; classic applications include thoracic
trauma, pleural and lung diseases (5-7), acute respira-
tory failure (2, 8). As point-of-care devices proliferate
and curricula migrate toward earlier clinical exposure,
PoCUS is increasingly recognized as a feasible compe-
tency for undergraduate medical education (1, 3).

Teaching PoCUS, however, faces three persistent
challenges. First, a long-standing shortage of instruct-
ing faculty relative to the number of trainees has im-
peded the widespread dissemination of PoCUS skills
to frontline practitioners. (9) Second, the COVID-19
pandemic exposed the fragility of close-contact,
hands-on pedagogies that rely on prolonged physi-
cal proximity between faculty and learners (10, 11).
Although virtual formats can deliver knowledge and
image-interpretation exercises, skill acquisition in
probe handling and image optimization remains difh-
cult to replicate without some form of supervised prac-
tice (11). This has sharpened the need for “low-contact”
instructional designs that preserve learning quality
while reducing contact time and density during train-
ing. Third, beyond epidemiologic constraints, PoCUS

instruction must bridge the “experience gap” between

experts and novices. Near-peer/peer-assisted learning
leverages cognitive and social congruence—senior stu-
dents or early postgraduate trainees teach juniors us-
ing level-appropriate language, pacing, and exemplars
(12). Systematic reviews and controlled studies across
health-professional education show that near-pear
teaching (NPT) can achieve learning outcomes com-
parable to faculty-led instruction while enhancing ap-
proachability, confidence, and teaching capacity among
peer tutors (13-16). In ultrasound specifically, rand-
omized and observational work suggests that NPT can
match faculty performance in knowledge and skills,
with some evidence of durable gains, though program
designs and assessment frameworks vary (17, 18).

While NPT can partially offset the experience gap
between experts and novices, it does not eliminate the
need for timely expert oversight, especially for safety-
critical procedures. Remote supervision (RS) offers a
complementary strategy that extends expert guidance
asynchronously or in real time without requiring co-
location. In clinical education, tele-supervision can
mitigate geographic maldistribution of faculty, embed
teaching within routine workflows and reduce profes-
sional isolation (19, 20). In emergency PoCUS, com-
mercially available low-cost tele-ultrasound solutions
have been shown to be feasible and acceptable for
real-time guidance and feedback (20). RS can be op-
erationalized through multi-camera views that simul-
taneously display the ultrasound screen, probe—hand
interactions (21), and probe—patient contact, enabling
faculty to monitor fidelity and intervene when neces-
sary while remaining remote.
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Therefore, we directly addressed these deficiencies
by developing a low-contact PoCUS curriculum and
proposed a randomized evaluation that compares a
near-peer teaching model with faculty remote supervi-
sion against traditional faculty-led, on-site instruction.
Building on existing theoretical and practical consid-
erations, this study aims to determine if an NPT+RS
PoCUS curriculum is non-inferior to traditional
faculty-led, on-site instruction, and to investigate the
potential benefits of this new teaching model.

Methods

Study design and setting

We conducted a two-arm, parallel-group, rand-
omized controlled educational trial at National Taiwan
University Hospital and College of Medicine. The tar-
get population are senior medical students with no
previous exposure to PoCUS training.

Participants

The study population included senior medical
students in their fifth and sixth years of a six-year
medical program in Taiwan. Students were excluded if
they declined to take part or had previously attended
the institution’s bedside ultrasound course. Enrollment
was entirely voluntary through open announcements
and posters within the medical school, and did not in-
fluence academic grades or formal evaluations.

Implementation details from curriculum
before trial

We standardized NPT instruction preparation
before the study. The near-peer instructors were post-
graduate year residents who had previously completed
formal PoCUS training and volunteered for the role.
Near-peer instructors participated in a 2-hour training
and rehearsal sessions under faculty observation with
structured feedback to standardize their readiness. The
faculty instructors in both groups were hospitalist phy-
sicians with over 6 years of experience in POCUS edu-
cation and authorship of national POCUS textbooks.
We optimized the multi-camera RS setup to guarantee

the two critical views during hands-on sessions. The
remote supervision setup utilized commercially avail-
able handheld ultrasound devices (LeSONO, Leltek
Inc.) connected to standard tablets and transmitted
via video conferencing software (SynDr, Chunghwa
Telcom Inc,, Taiwan) representing a low-cost solution
compared to large specialized telemedicine worksta-
tions. These infrastructures were funded by the Na-
tional Science and Technology Council (Taiwan).

Randomization and masking

After consent, students were randomized (1:1) to
experimental or control arms, and they were masked
to comparative hypotheses. Participants in the experi-
mental arm completed a curriculum that combined
lectures with small-group hands-on scanning guided
by trained near-peer instructors. A PoCUS faculty
member joined remotely through real-time two-way
videoconferencing to observe performance and give
feedback. During remote supervision, two cameras
were used to show (1) the live ultrasound image, (2)
hand and probe movements, and the probe—patient
contact point (Figure S1 in supplement 1). Partici-
pants in the control arm completed a curriculum with
the same content as the experimental group, but fol-
lowed a traditional faculty-led model, receiving lec-
tures followed by in-person hands-on training directly
supervised on site by a faculty instructor.

Contents and duration of curriculum

Both groups received identical educational content
covering the focused lung PoCUS, including the four
anterior four lung points postero-lateral points, and
deep vein thrombosis which were used in the Bedside
Lung Ultrasound in Emergency (BLUE) protocol. The
workshop-like curriculum comprised approximately one
hour in total, consisting of a 20-minutes didactic lecture
and a 40-minute hands-on practice session. Hands-on
practice sessions were conducted using healthy volun-
teers as models. In both groups, an instructor-to-student
ratio of 1:4 was maintained, and hands-on practice was
provided flexibly until competency goals were met.

During hands-on sessions, the remote faculty su-
pervisor maintained continuous visual access to both
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the live ultrasound image and probe-hand interac-
tions through a dual-camera configuration (Figure
S1 in supplement 1). Near-peer instructors provided
immediate bedside coaching, while faculty focused
on higher-level guidance and quality control. Faculty
intervened only when image acquisition errors, probe
positioning difficulties, or interpretive inaccuracies
were observed and not corrected by on-site instructors.

Assessment framework and rater training

In PoCUS education, assessment is shifting from
simple checklist-based ratings toward competency-
based paradigms that align with real-world entrust-
ment decisions. Entrustable Professional Activities
(EPA) structures evaluation around whether learners
can be trusted to perform clearly defined tasks under
appropriate levels of supervision (22), and EPA-based
Objective Structured Clinical Examinations (OSCEs)
enable standardized, scenario-based judgments across
indication, image acquisition, interpretation, and
medical decision making—the I-A-I-M framework
(22). These four major domains also constitute the
fundamental skill sets in PoCUS training in previ-
ous literature (23-25). Because our NPT+RS model
aims not only to preserve technical performance but
also to foster sustainable uptake of PoCUS in future
clinical practice, the present trial prospectively incor-
porates EPA constructs into OSCE outcomes and
captures learner perceptions using the TAM, thereby
jointly evaluating skill acquisition and perceived use-
fulness as key drivers of long-term adoption. OSCE
stations and scoring follow an I-A-I-M structure pre-
viously developed and validated within a national pro-
ject. In this study, checklist items were developed to
reflect authentic clinical tasks and were piloted in this
study. Only one investigator (NCH) completed the
whole assessment framework training. The OSCE was
therefore scored independently by a single investigator
who was blinded to the randomized allocation of the
students.

Procedures and timeline

Students completed the Technology Accept-
ance Model (TAM) questionnaire (26, 27) after the

training course and before assessment (Table S1 in

Supplement 1). Except for routine clinical duties
during the rotation, participants had no access to ul-
trasound equipment or further faculty supervision
between the training session and the assessment. Ap-
proximately one month after training completion, all
students undertook an EPA-based OSCE (Table S2
in supplement 1) scored independently by an inves-
tigator (NCH) who was blinded to the randomized
allocation. Each OSCE session included one student
and one standardized patient. Immediately after the
OSCE, a brief feedback survey on this test was col-
lected (Table S3 in Supplement 1).

Outcomes

The primary outcome was total OSCE perfor-
mance measured approximately one month after course
completion by a single rater who scored each examina-
tion. Secondary outcomes included TAM question-
naire responses collected after the course and before

the OSCE, as well as a post-OSCE feedback survey,

both administered at approximately one month.

Sample size

We estimated the sample size for a two-arm, 1:1
randomized non-inferiority trial with a continuous
primary outcome (score). We set the non-inferiority
margin at 10 points (10% on a 0~100 scale) and as-
sumed a common standard deviation of 15 points in
both groups, with the expected true mean difference
between groups of 0. Using a one-sided o of 0.025
and 80% power, we calculated the required sample
size per group with the standard normal approxima-
tion for non-inferiority testing of a mean difference,
which yielded 36 participants per group (72 total) after
rounding up. Allowing for an anticipated 5% dropout,
we increased the target to 38 participants per group,
for a total planned sample size of 76 participants. The
final registered anticipated sample size is 80 (40 in
each parallel arm) in the ClinicalTrial.gov.

Statistical analysis

For the primary endpoint, we compared mean to-
tal OSCE scores between groups using independent-
samples t tests. OSCE domain scores (Indication,
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Acquisition, Interpretation, Medical decision) and
scoring items were analyzed similarly. When distri-
butional assumptions were not met, we used nonpara-
metric Wilcoxon rank-sum tests as sensitivity analyses.
Secondary outcomes (TAM scale scores and OSCE
feedback items) were summarized as means (stand-
ard deviations) and compared between groups using
independent-samples t tests or Wilcoxon rank-sum
tests, as appropriate. Categorical variables were sum-
marized as counts (percentages) and compared using
x? tests or Fisher exact tests. Missing data for sec-
ondary outcomes were handled using complete-case
analysis; All randomized participants for whom data
were available were included in each analysis using an
intention-to-treat approach. Subgroup analyses were
performed to compare outcomes between fifth- and
sixth-year students to assess if training level impacted
the results. All statistical tests were 2-sided with a =
0.05, and no formal adjustment for multiple compari-
sons was performed. Analyses were conducted using

SPSS (IBM Corp 27) and R (4.5.1).

Results

Of the 80 medical students screened from Jan
2025 to Sep 2025, 11 were excluded (10 not meet-
ing inclusion criteria and 1 declining to participate),
leaving 69 eligible students who consented and were
randomized (Figure 1). All randomized students re-
ceived the allocated intervention and completed the
EPA-based OSCE. For secondary questionnaire
outcomes, two participants in each group had miss-
ing data (incomplete questionnaire submissions after
exams), resulting in slightly smaller sample sizes for
some analyses (Figure 1).

PoCUS OSCE performance

There was no significant difference in total Po-
CUS OSCE scores between the NPT+RS group and
the traditional group (74.94 + 14.48 vs. 76.83 + 16.39,
p = 0.614; Table 1). Domain scores for indication (8.59
+ 1.42 vs. 8.34 = 2.40, p = 0.608), image acquisition
(29.06 + 10.54 vs. 30.17 + 10.27, p = 0.658), image in-
terpretation (31.74 + 6.82 vs. 33.57 £ 6.95, p = 0.272),

and medical decision making (5.56 + 3.09 vs. 4.74
3.32, p = 0.294) were also comparable between groups.

At the checklist-item level, most individual tasks
showed similar performance between groups (Figure S2
in supplement 1). The only significant difference was
observed in interpretation of postero-lateral alveolar
pleural syndrome (PLAPS), where the control group
achieved higher scores than the NPT+RS group (6.54
+ 3.29 vs. 4.62 + 2.96, p = 0.013; Table 1, Figure S2
in supplement 1). All remaining items, including lung,
deep vein scans, and cardiac/IVC views, were not sig-
nificantly different.

Technology Acceptance Model (TAM)
outcomes

Post-training TAM results indicated high perceived
usefulness of PoCUS in both groups, with significantly
higher ratings in the NPT+RS group for several items
(Table 2, Figure 2). Compared with controls, students in
the NPT+RS group gave higher scores for “enhancing
effectiveness in practice” (4.91 + 0.30 vs. 4.59 = 0.61, p
= 0.009), “usefulness in practice” (4.94 + 0.25 vs. 4.68
+ 0.59, p = 0.022), “improving practice performance”
(4.84 +0.37 vs. 4.53 £ 0.71, p = 0.027), and “enhancing
productivity” (4.75 + 0.44 vs. 4.38 + 0.65, p = 0.009). For
the other perceived-usefulness items (Q1 and Q6) and
all perceived ease-of-use items (Q7-Q12), mean scores
were similar between groups (Figure 2). Stacked bar
plots show that most students in both cohorts selected
“agree” or “strongly agree” for usefulness items, whereas
responses to ease-of-use items were more widely dis-
tributed with a higher proportion of neutral or disagree
responses (Figure 2).

OSCE feedback questionnaire

Both groups reported favorable experiences with
the PoCUS OSCE, and several feedback items fa-
vored the NPT+RS model (Table 3, Figure 3). Stu-
dents in the NPT+RS group more strongly endorsed
that the OSCE helped reveal their weaknesses (4.97
+ 0.17 vs. 4.64 + 0.55, p = 0.002) and increased ap-
preciation of the problem-oriented nature of PoCUS
(4.88 £ 0.33 vs. 4.45 + 0.97, p = 0.021). Students in
NPT+RS group were also more likely to agree that
completing a PoOCUS OSCE should become a regular
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80 Assessed for eligibility

11 Excluded
10 Not meeting inclusion criteria
1 Declined to participate

69 Randomized

34 Allocated to intervention: NPT lecture
/ hands-on + remote supervision
34 Received allocated intervention

2 Lost to follow-up for secondary
outcome
2 TAM questionnaire

34 Analyzed for primary outcome (EPA-
based OSCE exam)

32 Included in TAM questionnaire
analysis

34 Included in OSCE questionnaire
analysis

35 Allocated to intervention: faculty
lecture / hands-on
35 Received allocated intervention

2 Lost to follow-up for secondary
outcome

1 TAM+OSCE questionnaire

1 OSCE questionnaire

35 Analyzed for primary outcome (EPA-
based OSCE exam)

34 Included in TAM questionnaire
analysis

33 Included in OSCE questionnaire
analysis

Figure 1. Flow of participants through the randomized controlled trial (OSCE, Objective Structured Clinical

Examination; TAM, Technology Acceptance Model).

step after learning PoCUS (4.65 = 0.60 vs. 4.24 + 0.90,
p = 0.034). The remaining feedback items (Q3-Q7)
showed no significant between-group differences.
Response distributions again demonstrated that
the majority of students in both groups agreed or
strongly agreed with the positive statements about the

OSCE (Figure 3).
Comparison between fifth- and sixth-year
students

Subgroup analyses stratified by academic year (fifth-
vs. sixth-year students) showed broadly similar patterns

across outcomes. Within each instructional model, EPA-
based OSCE domain scores, TAM ratings, and OSCE
feedback responses were comparable between fifth- and
sixth-year students, without a consistent trend favoring
either year level (Figures S3 and S4 in Supplement 1).
These findings suggest that the introduction of the new
model were not confined to a specific year of training.

Discussion

The present randomized trial found that a PoCUS

curriculum integrating near-peer teaching with remote
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Table 1. Performance on the EPA-based PoCUS OSCE, comparing the NPT+RS (experimental) and traditional

(control) groups. Each sub-item had a maximum score (shown).

Control
OSCE I-A-I-M Scores Experimental (n=34) (n=35) P value
Indication — Total (10) 8.59 (1.42) 8.34 (2.40) 0.608
Indication — BLUE symptoms (3) 3.00 (0.00) 2.74 (0.85) 0.083
Indication — Anatomical sites (5) 3.71 (1.36) 4.00 (1.53) 0.403
Indication — Presence/absence of explanation (2) 1.88 (0.48) 1.60 (0.81) 0.083
Acquisition — Total (40,+6) B 29.06 (10.54) 30.17 (10.27) 0.658
Acquisition — Anterior chest 4 BLUE points (10) 7.59 (2.72) 7.60 (2.39) 0.985
Acquisition — Common femoral vein (10) 4.94 (4.86) 5.14 (5.07) 0.867
Acquisition — Popliteal vein (10) 6.82 (4.57) 6.74 (4.68) 0.942
Acquisition — PLAPS points (10) 6.41 (3.26) 7.60 (2.74) 0.105
Acquisition — Others: PLAX/A4C/ IVC (+6) 3.29 (1.77) 3.09 (2.29) 0.673
Interpretation — Total (40) 31.74 (6.82) 33.57 (6.95) 0.272
Interpretation — Anterior chest 4 BLUE points (10) 9.29 (2.46) 9.60 (1.80) 0.556
Interpretation — Common femoral vein (10) 8.76 (2.31) 8.80 (2.29) 0.949
Interpretation — Popliteal vein (10) 9.06 (1.72) 8.63 (2.69) 0.433
Interpretation — PLAPS points (10) 4.62 (2.96) 6.54 (3.29) 0.013
Medical decision —Total (10,-6) 5.56 (3.09) 4.74 (3.32) 0.294
Medical decision — Number of management items (10) 6.15 (3.15) 5.83 (2.99) 0.668
Medical decision — Hazard penalty points (diuretic -0.59 (0.92) -1.09 (1.63) 0.124
/ Intubation / Anticoagulation therapy / others) (-6)
Total scores (100) 74.94 (14.48) 76.83 (16.39) 0.614

a Scores are presented as mean (standard deviation); B The maximal bonus for additional answers is +6; y The maximal minus for incorrect

answers is -6

faculty supervision achieved EPA-based OSCE per-
formance comparable to traditional faculty-led on-site
instruction, while simultaneously strengthening learn-
ers’ perceptions of PoCUS usefulness and the value of
OSCE assessment.

These findings suggest that, when appropri-
ately prepared, near-peer instructors (such as junior
residents or senior students) can assume substan-
tive responsibility for hands-on ultrasound teaching
without compromising short-term skill outcomes.
This responds directly to long-standing concerns
about faculty shortages, the expert—novice gap, and
the need for flexible formats under infection-control
constraints (10, 11).

In line with prior work on near-peer/peer-assisted
learning, our results support the view that instructional
roles can safely extend beyond faculty when peer in-
structors receive structured training and supervision.
Near-peer teaching has repeatedly been shown to yield
knowledge and skills outcomes similar to faculty-led
instruction, while enhancing approachability and con-
fidence among learners (12-16). In ultrasound educa-
tion specifically, randomized and observational studies
have demonstrated comparable OSCE and written
test performance between near-peer and faculty in-
structors (17, 18). However, concerns remained about
the correctness and robustness of near-peer instruc-
tion, and the selected outcomes may have overlooked
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Table 2. Post-training Technology Acceptance Model (TAM) results, comparing student ratings between the NPT+RS
(experimental) group and the traditional (control) group. Items are scored from 1 (strongly disagree) to 5 (strongly agree).

Experimental Control
TAM Questionnaire (n=34) (n=35) P value
Perceived usefulness
Q1. Using PoCUS in my practice will enable me to accomplish tasks more quickly. 4.53(0.51) 4.29 (0.87) 0.185
Q2. Using PoCUS would enhance my effectiveness in my practice. 4.91 (0.30) 4.59 (0.61) 0.009
Q3.1 found PoCUS useful in my practice. 4.94 (0.25) 4.68 (0.59) 0.022
Q4. Using PoCUS would improve my practice performance. 4.84(0.37) 4.53(0.71) 0.027
Q5. Using PoCUS in my practice would enhance my productivity. 4.75 (0.44) 4.38 (0.65) 0.009
Q6. Using PoCUS would make it easier to do my job. 4.72 (0.46) 4.59 (0.66) 0.35
Perceived ease-of-use
Q7 Learning to operate PoCUS was easy for me. 3.41(0.71) 3.03 (0.94) 0.072
Q8.1 found it easy to get PoCUS to do what I want it to do. 2.41 (1.10) 2.50 (0.86) 0.701
Q9. My interaction with PoCUS has been clear and understandable. 3.41(0.67) 3.26 (0.86) 0.46
Q10. I found PoCUS would be clear and understandable. 2.28 (0.85) 2.15 (0.86) 0.526
Q11. It was easy for me to become skillful at using PoCUS. 2.59 (0.76) 2.53(0.79) 0.736
Q12.1 found PoCUS easy to use. 2.81(0.74) 2.65 (0.85) 0.402

Scores are presented as mean (standard deviation)

Scores for each item in the Technology Acceptance Model (TAM) questionnaire

Circle = mean; error bar = +1 SD; red marker = p < 0.05

Group @ Experimental group @ Control group

Q1. Using POCUS in my praciice will enable me I Q2. Using POCUS would enhance my | [ Ot T | | Q4. Using POCUS would improve my pracice l
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p=0.009 p=0.022

p=0.027

491 40t Iat
s —o— —Tm— —e— —eee— —o—
ki T - 3 : = 3
B | 1 =l
3
2
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Figure 2. Each item on the Technology Acceptance Model (TAM) questionnaire compares the NPT+RS
(experimental) group and the traditional (control) group. Red markers indicate items with significant between-

group differences (p < 0.05).
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Scores for each item in the Objective Structured Clinical Skills Examination (OSCE) questionnaire
Circle = mean; error bar = +1 SD; red marker = p < 0.05

Group @ Experimental group @ Control group

Q3. The POCUS OSCE exam makes me more
familiar with when to do POCUS.

%0 ] Q4. The POCUS OSCE exam makes me more at
appreciative of the problom-oriented nature of ease with the acquisition of key images.

Q1. The POCUS OSCE exam helps reveal my
'OCUS.

nesses.

Q2. The POCUS OSCE exam makes me moro ‘ ‘

p=0.002 p=0.021
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Figure 3. Each item on the PoCUS OSCE feedback questionnaire, compares the NPT+RS (experimental)
group and the traditional (control) group. Red markers indicate items with significant between-group differ-
ences (p < 0.05).

Table 3. PoCUS OSCE questionnaire results, comparing student feedback and ratings between the NPT+RS (experimental) group
and the traditional (control) group. Items are scored from 1 (strongly disagree) to 5 (strongly agree).

Experimental Control P
OSCE feedback (n=34) (n=35) value
Q1. PoCUS OSCE exam helps reveal my weaknesses. 4.97 (0.17) 4.64 (0.55) 0.002
Q2. PoCUS OSCE exam makes me more appreciative of the problem-oriented | 4.88 (0.33) 4.45 (0.97) 0.021
nature of PoCUS.
Q3. PoCUS OSCE exam makes me more familiar with when to do POCUS. 4.59 (0.50) 4.48 (0.62) 0.454
Q4. PoCUS OSCE exam makes me more at ease with the acquisition of key 4.65 (0.54) 4.42 (0.66) 0.137
images.
Q5. PoCUS OSCE exam makes me more at ease interpreting key images. 4.59 (0.74) 4.42 (0.61) 0.329
Q6. PoCUS OSCE exam makes me more familiar with the process of 4.62 (0.65) 4.45 (0.67) 0.315
incorporating PoCUS findings into clinical decision.
Q7. After the PoOCUS OSCE exam, I will become more confident to practice 4.41 (0.78) 4.18 (0.88) 0.263
PoCUS in the future.
Q8.1 think completing a PoOCUS OSCE exam should become a regular step 4.65 (0.60) 4.24 (0.90) 0.034
after learning PoCUS.

Scores are presented as mean (standard deviation)
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certain underlying deficiencies. Our trial extends this
literature by embedding near-peer instruction within
a prospectively registered randomized design and by
using an EPA-aligned OSCE that captures essential
ultrasound skill domains—indication, acquisition, in-
terpretation, and management decisions. It also explic-
itly operationalizes a low-contact instructional format
suitable for pandemic-era education.

In this study, the only performance difference fa-
voring the faculty-led control group was in interpre-
tation of PLAPS findings, a relatively advanced task.
This pattern is consistent with the notion that near-
peers, while effective in teaching foundational scanning
and common patterns, may have less experience with
subtle or complex pathology. Furthermore, a remote
supervising faculty member may also overlook subtle
deficiencies when learners do not fully acquire this
interpretation skill. Similar concerns about the depth
of clinical reasoning available from peer instructors
have been raised in prior reviews of near-peer teach-
ing (13, 14). Our findings therefore underscore the
importance of targeted faculty input for higher-level
image interpretation and suggest that future iterations
of the curriculum should prioritize cases with difhicult
pathologies in peer-instructor training and case librar-
ies. PLAPS evaluation requires posterior probe posi-
tioning and integration of pleural and parenchymal
findings, making it cognitively and technically more
demanding than anterior lung windows. This finding
suggests that comparable instructional reinforcement
may be necessary for other technically complex views,
such as advanced cardiac windows.

Beyond technical performance, the NPT+RS
model was associated with higher ratings on perceived
usefulness items in the Technology Acceptance Model,
whereas perceived ease-of-use scores remained modest
and similar across groups. It suggests that the interven-
tion primarily shifted learners’ beliefs about the value
and impact of PoCUS rather than their sense of effort
required. Near-peers, being closer in training stage,
may have contextualized PoCUS within scenarios that
felt immediately relevant to students’ upcoming clerk-
ships and internships, thereby enhancing perceived
utility and professional alignment—factors known to
support adoption of new technologies in clinical set-
tings (28, 29). At the same time, both groups’ lower

ease-of-use scores reflect an appropriate recognition
that PoCUS is a demanding skill, reinforcing that peer
instructors did not trivialize the difficulty of mastery.
Although ease of use is not a primary goal of PoCUS
training for medical students, it underscores the need
for continued opportunities to perform PoCUS after
initial exposure.

Learners in the NPT+RS arm were also more
likely to endorse the EPA-based OSCE as a meaning-
ful assessment that revealed weaknesses, highlighted
the problem-oriented nature of PoCUS, and should
become a routine component of training. This aligns
with calls in competency-based medical education to
integrate assessment more tightly with learning, using
workplace-relevant tasks and entrustment decisions
rather than isolated checklists (30). The combination
of near-peer—led practice and remote faculty presence
may have created a psychologically safe environment
in which assessment was experienced as part of a sup-
portive learning continuum rather than an external
judgment. This safer learning environment may make
the subsequent formal assessment more impactful in
revealing competency gaps.

Odur results also resonate with emerging literature
on tele-supervision and tele-ultrasound in education.
Tele-supervision has been shown to extend specialist
support to resource-limited or geographically distant
settings when roles, cadence, and technical standards
are clearly defined (19, 20). Although evidence is lim-
ited, findings from a small-scale telemedicine educa-
tion study suggested improved teaching efficacy over
the traditional model (31). During the COVID-19
pandemic, studies of tele-ultrasound and virtual Po-
CUS teaching reported that, when carefully designed,
remote components can achieve knowledge and inter-
pretation outcomes comparable to in-person courses
(11). By combining multi-angle real-time camera
(screen, hand—probe interface, and probe—patient con-
tact) with near-peer facilitation, our NPT+RS model
offers a concrete hybrid blueprint in which faculty can
focus on high-level guidance and quality assurance
while near-peers provide continuous on-site coaching.

This study has several strengths. The randomized,
parallel-group design with blinded OSCE raters re-
duces selection and assessment bias. The EPA-based,

I-A-I-M-structured OSCE allowed us to evaluate
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authentic clinical tasks rather than isolated technical
maneuvers, and the inclusion of TAM and OSCE feed-
back produced a multidimensional view of educational
impact that extends beyond test scores. Limitations
of this study must be acknowledged. First, this was
a single-institution pilot trial with a relatively small,
volunteer sample and highly motivated near-peer in-
structors, which may limit generalizability. Second, the
remote supervision model relied on stable audiovisual
infrastructure and multi-camera setups that may not
be readily available everywhere. Third, we did not as-
sess long-term retention, transfer to clinical rotations,
or objective written knowledge, and a novelty effect
cannot be entirely excluded, particularly for the experi-
mental format. Implementation fidelity, including the
quality of peer-instructor preparation and the consist-
ency of remote faculty engagement, may still affect out-
comes despite the randomized design. Future research
should address these limitations by examining longer-
term outcomes such as PoOCUS performance in clinical
environments, sustained use of EPA frameworks, and
eventual independent practice. Comparative studies
of different configurations of remote supervision (e.g.,
varying faculty-to-group ratios, scheduled versus on-
demand involvement, or asynchronous video review)
may help optimize the balance between scalability and
quality. Fourth, voluntary recruitment may have in-
troduced self-selection bias favoring highly motivated
students and contributing to elevated OSCE scores in
both groups. Randomization was employed to reduce
this bias. Fifth, RS teaching on real patients or within a
hospital environment may be challenging, as the whole
multi-camera system must also be portable and feasi-
ble at the point of care. Finally, adapting the NPT+RS
framework to other hands-on skills—such as basic
procedural ultrasound, vascular access, or simulation-
based resuscitation training—could test its broader
applicability as a model for scalable, competency-
oriented medical education.

Opverall, our findings indicate that a near-peer
teaching model supported by structured remote fac-
ulty supervision can deliver POCUS training outcomes
that are indistinguishable from traditional faculty-led
instruction, while enhancing perceived usefulness and
acceptance of competency—based assessment. In an
era marked by fluctuating infection-control demands,

constrained faculty time, and expanding curricular ex-
pectations, NPT+RS model offers a promising strat-
egy to scale high-quality, learner-centered ultrasound
education without sacrificing educational rigor.

Conclusions

In this randomized trial, a low-contact PoCUS
curriculum integrating near-peer teaching with remote
faculty supervision achieved EPA-based OSCE perfor-
mance that was non-inferior to traditional faculty-led
on-site instruction, while also yielding higher perceived
usefulness of PoCUS and stronger endorsement of
OSCE-based assessment, with only one advanced in-
terpretation item favoring the traditional model. These
findings suggest that, when peer instructors are appro-
priately selected and prepared, NPT+RS can maintain
technical competence and assessment quality even un-
der constraints on faculty time or physical co-location.

The NPT+RS model may offer a practical strat-
egy for expanding PoCUS (and other hands-on skills)
training capacity, supporting small-group, skills-
focused education in settings affected by infection-
control requirements, geographic dispersion, or grow-
ing class sizes. By systematically incorporating junior
trainees into teaching roles under structured remote
supervision, this approach may benefit both learners
and peer instructors and aligns with contemporary
moves toward collaborative, technology-enabled, and
competency-based medical education. With suitable
infrastructure and faculty development, NPT+RS can
help institutions scale high-quality skills training in a
sustainable and learner-centered way.

List of abbreviations

AA4C: Apical 4-chamber view

BLUE: Bedside Lung Ultrasound in Emergency

EPA: Entrustable Professional Activity

I-A-I-M: Indication, Acquisition, Interpretation, and Medical
decision making

IVC: Inferior vena cava

NPT: Near-peer training / Near-peer teaching

OSCE: Objective Structured Clinical Examination

PLAPS: Posterolateral alveolar/pleural syndrome

PLAX: Parasternal long axis view



12 THE ULTRASOUND JOURNAL 2026; VOL. 18: 18577 DOI: 10.5826/TUJ.2026.18577

PoCUS: Point-of-care ultrasound

RS: Remote supervision

SD: Standard deviation

TAM: Technology Acceptance Model

Ethics Approval and Consent to Participate: The study was
approved by the National Taiwan University Hospital Research
Ethics Committee E (approval No. 202410061RINE). Written
informed consent was obtained from all participants. The trial
was registered at ClinicalTrials.gov (NCT06777641).

Consent for Publication: Not applicable.

Availability of Data and Materials: Data is available for sharing
for researchers whose proposed use of the data has been
approved by the corresponding author.

Competing Interests: The authors declare that they have no
competing interests

Funding: The study was funded by National Science and
Technology Council, Taiwan (Number: NSTC 114-2410-H-
002-068) for grant funding of the article processing fee. NCH
received the funding.

Authors’ Contributions: NCH proposed the conceptual
framework, collected, and analyzed the data, and also wrote
the preliminary manuscript. CWY, HBT and YFL participated

in curriculum and assessment design and data collection. CL
assisted in data interpretation and revised the manuscript. CJY
and CCH supervised the work and did literature comparison
and discussion. All authors read and approved the final
manuscript.

Acknowledgements: We thank for the grant funding from
National Science and Technology Council.

Declaration on the Use of Al: none.

References

1. Lichtenstein D, Malbrain ML. Critical care ultrasound in
cardiac arrest. Technological requirements for performing
the SESAME-protocol--a holistic approach. Anaesthesiol
Intensive Ther 2015;47:471-81. doi: 105603/A1T22015.0072

2. Lichtenstein DA, Meziere GA. Relevance of lung ultra-
sound in the diagnosis of acute respiratory failure: the
BLUE protocol. Chest 2008;134:117-25. doi: 101378
/chest07-2800.

3. Moore CL, Copel JA. Point-of-care ultrasonography. N Engl
J Med 2011;364:749-57. doi: 101056/NE]JMra0909487

4. Shokoohi H, Boniface KS, Zaragoza M, Pourmand A, Earls JP,
Yadav K, et al. Point-of-care ultrasound leads to diagnos-
tic shifts in patients with undifferentiated hypotension.
Am ] Emerg Med 2017;35:1984.¢3-1984.¢7. doi: 101016
/jajem.2017.08.054

5.El Husseini K, Flament T, Laroumagne S, Cammilleri S,
Dutau H, Astoul P, et al. Mapping bullous emphysema with
lung ultrasound: a prospective multicentre study. Respirol-
ogy 2025;30:633-43. doi: 101111/resp70021

6. Otaola M, Paulin F, Rosemffet M, Altabas K, Carrillo M,
Schneeberger EE, et al. Lung ultrasound is a promising
screening tool to rule out interstitial lung disease in patients
with rheumatoid arthritis. Respirology 2024;29:588-95.
doi: 101111/resp14679

7. Rinaldi L, Milione S, Fascione MC, Mercurio V, Vetrugno L,
Santoro C, et al. Relevance of lung ultrasound in the diag-
nostic algorithm of respiratory diseases in a real-life setting:
a multicentre prospective study. Respirology 2020;25:535-
42. doi: 101111/resp13659

8. Kirkpatrick AW, Sirois M, Laupland KB, Liu D, Rowan K,
Ball CG, et al. Hand-held thoracic sonography for de-
tecting post-traumatic pneumothoraces: the extended fo-
cused assessment with sonography for trauma (EFAST).
J Trauma Inj Infect Crit Care 2004;57:288-95. doi:
101097/01TA.0000133565.88871.E4

9.Yamada T, Soni NJ, Minami T, Kameda T, Kameda N,
Noda E, et al. Facilitators, barriers, and changes in POCUS
use: longitudinal follow-up after participation in a national
point-of-care ultrasound training course in Japan. Ultra-
sound ] 2024;16:34. doi: 101186/513089-024-00384-3

10.Lin SD. A virtual point-of-care ultrasound course during
the COVID-19 pandemic. AEM Educ Train 2021;5:102-4.
doi: 101002/aet210545

11. Soni NJ, Boyd JS, Mints G, Koyfman A, Rziha M, Wright S,
et al. Comparison of in-person versus tele-ultrasound
point-of-care ultrasound training during the COVID-19
pandemic. Ultrasound ] 2021;13:39. doi: 101186/s13089-
021-00242-6

12. De Menezes S, Premnath D. Near-peer education: a novel
teaching program. Int J Med Educ 2016;7:160-7. doi:
105116/ijme5738.3¢28

13. Burgess A, McGregor D. Peer teacher training for health profes-
sional students: a systematic review of formal programs. BMC
Med Educ 2018;18:263. doi: 101186/512909-018-1356-2

14. Burgess A, McGregor D, Mellis C. Medical students as peer
tutors: a systematic review. BMC Med Educ 2014;14:115.
doi: 101186/1472-6920-14-115

15. Cash T, Brand E, Wong E, Hill B, Paterson Q, Thiruchelvam D,
et al. Near-peer medical student simulation training. Clin
Teach 2017;14:175-9. doi: 101111/tct12558



THE ULTRASOUND JOURNAL 2026; VOL. 18: 18577 DOI: 10.5826/TUJ.2026.18577 13

16. Khapre M, Deol R, Sharma A, Badyal D. Near-peer tutor:
a solution for quality medical education in faculty constraint
setting. Cureus 2021. doi: 107759/cureus16416

17.Hari R, Kilin K, Birrenbach T, Hautz WE, Greif R,
Bernhard M, et al. Near-peer compared to faculty teach-
ing of abdominal ultrasound for medical students — a
randomized-controlled trial. Ultraschall Med 2024;45:77-83.
doi: 101055/2-2103-4787

18.Rong K, Lee G, Herbst MK. Effectiveness of near-peer
versus faculty point-of-care ultrasound instruction to
third-year medical students. POCUS ] 2022;7:239-44. doi:
1024908/pocusv7i2.15746

19. Cameron M, Ray R, Sabesan S. Remote supervision of
medical training via videoconference in northern Aus-
tralia: a qualitative study of the perspectives of supervi-
sors and trainees. BMJ Open 2015;5:¢006444. doi: 101136
/bmjopen-2014-006444

20.Jensen SH, Duvald I, Aagaard R, Lindholt JS, Sloth E,
Kirketerp-Meller K, et al. Remote real-time ultrasound
supervision via commercially available and low-cost tele-
ultrasound: a mixed methods study of the practical feasibility
and users’ acceptability in an emergency department. ] Digit
Imaging 2019;32:841-8. doi: 101007/s10278-018-0157-9

21. Salame G, Holden M, Lucas BP, Portillo A. Change in econ-
omy of ultrasound probe motion among general medicine
trainees. Ultrasound J 2024;16:5. doi: 101186/s13089-023
-00345-2

22.ten Cate O. Entrustability of professional activities and
competency-based training. Med Educ 2005;39:1176-7.
doi: 101111/j1365-2929.2005.02341.x

23. Kruisselbrink R, Chan V, Cibinel GA, Abrahamson S, Goffi A,
Mayo PH, et al. I-AIM (Indication, Acquisition, Interpre-
tation, Medical Decision-making) framework for point of
care lung ultrasound. Anesthesiology 2017;127:568-82. doi:
101097/AL.N0000000000001779

24. Perlas A, Arzola C, Van de Putte P. Point-of-care gastric
ultrasound and aspiration risk assessment: a narrative re-
view. Can J Anaesth 2018;65:437-48. doi: 101007/512630
-017-1031-9

25.Li L, Yong RJ, Kaye AD, Urman RD. Perioperative point
of care ultrasound (POCUS) for anesthesiologists: an over-
view. Curr Pain Headache Rep 2020;24:20. doi: 101007
/s11916-020-0847-0

26.Davis FD. Perceived usefulness, perceived ease of use,
and user acceptance of information technology. MIS Q
1989;13:319-40. doi: 102307/249008

27.Do DH, Lakhal S, Bernier M, Gagnon MP, Giroux I, Bédard JL,
et al. Drivers of iPad use by undergraduate medical students:
the Technology Acceptance Model perspective. BMC Med
Educ 2022;22:87. doi: 101186/512909-022-03152-w

28.Glogoza M, Urbach J, Rosborough TK, Finefrock D,
Branzetti J, Babcock C, et al. Tablet vs. station-based lap-
top ultrasound devices increases internal medicine resident
point-of-care ultrasound performance: a prospective cohort
study. Ultrasound ] 2020;12:18. doi: 101186/s13089-020
-00165-8

29. Wong A, Roslan NL, McDonald R, Ryzynski A, Arntfield R,
Ma IWY, et al. Clinical obstacles to machine-learning PO-
CUS adoption and system-wide Al implementation (the
COMPASS-ATI survey). Ultrasound ] 2025;17:32. doi: 101186
/s13089-025-00436-2

30. Frenk J, Chen L, Bhutta ZA, Cohen J, Crisp N, Evans T,
et al. Health professionals for a new century: transform-
ing education to strengthen health systems in an interde-
pendent world. Lancet 2010;376:1923-58. doi: 101016
/S0140-6736(10)61854-5

31.Suzuki R, Riley WJ, Bushman MS, Soni NJ, Kameda
T, Minami T, et al. Tele-education in point-of-care ul-
trasound training. Ultrasound ] 2024;16:47. doi: 101186
/$13089-024-00394-1

Copyright: The Author(s), 2026. Licensee Mattioli 1885, Fidenza, Italy. This is an open-access article distributed under the terms of
the Creative Commons Attribution Non Commercial License (CC BY-NC-4.0).

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in this article are solely those of the author(s) and
contributor(s) and do not necessarily reflect those of their affiliated organizations, the publisher, the editors, or the reviewers. The
publisher and the editors disclaim any responsibility for injury to people or property resulting from any ideas, methods, instructions or
products mentioned in the content. Any product that may be evaluated in this article, or claim made by its manufacturer, is not guaran-

teed or endorsed by the publisher.



14 THE ULTRASOUND JOURNAL 2026; VOL. 18: 18577 DOI: 10.5826/TUJ.2026.18577

Appendix — Supplementary files

Supplement 1

Table S1. Technology Acceptance Model (TAM) questionnaire for PoCUS.

Level of Agreement

(1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5
TAM Questionnaire = Strongly Agree)
QUEIAPOCUS, FiBA's & w3k M TAERCR ol o2 o3 o4 a5
Using PoCUS in my practice will enable me to accomplish
tasks more quickly.
Q2EHAPOCUS, il Zye B3 A TAE R EER . ol o2 o3 o4 o5
Using PoCUS would enhance my effectiveness in my practice.
Q3 APOCUSIEA . ol 02 o3 o4 o5
I found PoCUS useful in my practice.
Q4 RTAFPOCUSHH L THR I TAFR B A G ol o2 o3 o4 o5
Using PoCUS would improve my practice performance.
QS IPOCUSHI LA B I TAR L T o ol o2 o3 o4 o5
Using PoCUS in my practice would enhance my productivity.
Q6HIRPOCUS, A5 B F 21T 1EAE I ol o2 o3 o4 o5
Using PoCUS would make it easier to do my job.
Q72 ] i FHPOCUS ¥ Fo AR E0 A 72 5 11 o ol o2 o3 o4 o5
Learning to operate PoCUS was easy for me.
Q87 HHPOCUS EFREALIR D55 T 0 ol o2 o3 o4 o5
I found it easy to get PoCUS to do what I want it to do.
QI FEBIPOCUSHE Lyt ol 02 o3 o4 o5
My interaction with PoCUS has been clear and
understandable.
QIOfEAEIPOCUSHE, HATZHE KZ . ol o2 o3 o4 o5
I found PoCUS would be clear and understandable.
Q11 HPOCUS/R fifj Hi. . ol o2 o3 04 o5
It was easy for me to become skillful at using PoCUS.
QI Pk, A FHPOCUS K 125 2 AT ol o2 o3 o4 a5
I found PoCUS easy to use.
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Table S2.I-AIM-Based Objective Structured Clinical Examination (OSCE) Scoring Rubric for PoCUS.

differential diagnosis, providing rapid bedside
assessment, being noninvasive, and guiding subsequent
diagnostic testing.

Fails to explain the clinical
benefits of the ultrasound
examination

Item Assessment description Performance criteria Points
Indication If) 955 N R W ¥ b A BLUE 3545388 B i - o3 Wi @ERE T fE R 1L E |3
10 43 (1) WP e Identifies one or more of the three

(2) A A clinical indications

(3) LTI 555 03 {4 4251

The examinee explains to the patient that bedside Fails to identify any of the three

lung ultrasound following the BLUE protocol is clinical indications

indicated because of:

(1) Respiratory distress

(2) Severe hypoxemia

(3) Impending respiratory failure

T i3 A T 8 5 YAy 1 2 A o 3 fEER A 2 DR 2 I 5

(1) HilisB Identifies two or more of the three

(2) FHEFFIR ultrasound examination sites

(3) ‘L 0 3 S RS 1 35 3

The examinee explains to the patient the ultrasound Identifies one of the three

Z‘;“’Ein?ﬁon sites, including: ultrasound examination sites

e lungs o
(2) The lower extremity veins - 3 ”miﬁgi%ﬂ 0
(3) The heart Fails to identify any of the three
ultrasound examination sites

s NSRSk A 2 BB (. SRS SRS 2

PR, R AMEL THBDERE N — PR §£) Explains the clinical benefits of

The examinee explains to the patient the clinical the ultrasound examination

benefits of ultrasound examination, such as facilitating | E 0
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Acquisition

40 4y

Tif# 4 BLUE points
[#R1FE 11
Anterior chest: four BLUE points

[ Performance 1]

=RUA-NIRTASR A oy
Correct probe positioning with clear
image acquisition

10

o A7 I RERSAG N 5005 2
Correct probe positioning but

suboptimal image quality

o B KBUEREARR LR YE
Jia

Approximate correct positioning
but not performed using a standard
technique

o fr B AN IEE

Incorrect probe positioning

T Common femoral vein (3% 1A)
Lower extremity veins: common femoral
vein (verbalized)

o o B 1EAfk
Correct anatomical location

identified

10

o {7 R EUE
Approximate correct anatomical
location identified

O o7 AN T i B A A R A7
Incorrect anatomical location
identified or the site was not
examined

Ji Popliteal vein

(H#EZ D
Lower extremity veins: popliteal vein
(verbalized)

SR DACRIR
Correct anatomical location

identified

10

o fE KN BUE
Approximate correct anatomical
location identified

O 7 AN I B AR A 2 A
Incorrect anatomical location
identified or the site was not
examined

9 2 PLAPS points
[#:4E 1]
Lateral chest: two PLAPS points

[ Performance 1]

=EOAC RIS A SEh
Correct probe positioning with clear
image acquisition

10

o 7 B IEEH SR A 3G 48
Correct probe positioning but

suboptimal image quality

o frE AN IEfE

Incorrect probe positioning

FoAt F s

(fgl: . PLAX. A4C. IVC, Hi%
(WE% )
Other regions (e.g, cardiac ultrasound
including PLAX, A4C, and IVC; verbalized)

o H PLAX fifsZ LV systolic
function

Assesses left ventricular systolic
function using the parasternal long-
axis (PLAX) view

o i A4C &% RV dilatation
Assesses right ventricular dilatation
using the apical four-chamber
(A4C) view

o H IVC 1#i% volume status
Assesses volume status using
inferior vena cava (IVC) evaluation

REIEIN2 55
Each item is awarded
2 points.
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Table S2.I-AIM-Based Objective Structured Clinical Examination (OSCE) Scoring Rubric for PoCUS (continued)

Item

Assessment description

Performance criteria

Points

Interpretation
40 4y

Hij i 4 BLUE points
[B1])
Anterior chest: four BLUE points [B1]

O REIEHAEHIET % A profile
Correctly identifies an A-profile

10

o 1 R TS R
Misclassifies one BLUE point

o 2 fREEG LAl ik

Misclassifies two or more BLUE points

5 Common femoral vein [B2]
Lower extremity: common femoral vein
[B2]

o AEIETEME compression test /TR ] 4% no
thrombus

Correctly interprets bilateral compression testing as
no thrombus

10

o MFETER (R5E thrombus) BIEVEH)
o

Incorrectly interprets one side as suspicious for
thrombus, or is unable to determine

O PR 8 P S v A ) B
Incorrectly interprets both sides, or is unable to
determine on both sides

Tl Popliteal vein
[B3])
Lower extremity: popliteal vein [B3]

O AR IEREAKYE compression test T i I %5 no
thrombus

Correctly interprets bilateral compression testing as
no thrombus

10

O Rl R A )
Incorrectly interprets one side, or is unable to
determine

o DB 7 A B R A B
Incorrectly interprets both sides, or is unable to
determine on both sides

I 2 PLAPS points
[B4])
Lateral chest: two PLAPS points [B4]

o REIEREAIET A (Il PLAPS(+) ZEfll PLAPS(-)
, WCHIAESR R continuous spine sign A
Correctly identifies right-sided PLAPS positive
and left-sided PLAPS negative, and explicitly
states that the continuous spine sign was used to
support the interpretation

10

o REIEMEAET A 1l PLAPS(+). /=il PLAPS(-)
Correctly identifies right-sided PLAPS positive
and left-sided PLAPS negative

o —{ill PLAPS JiJHr g 3%

Incorrect PLAPS interpretation on one side

o WifHl PLAPS B )7t i
Incorrect PLAPS interpretation on both sides
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Medical
decision
10 7

FERLUT 5 R E o BRIEREEH 3 IHLL B 10

(1) CXR Correctly proposes three or more

(2) fhifn CHmy. A4, B5E) appropriate management items

(3) #ihifi. (blood gas 8% D-dimer) O eI MR 2 TE 7

(4) # fﬁi%ﬁ“{ﬁﬁ Correctly proposes two appropriate

(5) % T B RN 5k HENC | omeet Y Pobones

ls\:[e;r;tzlons the following five management e b 1 IR p

(1)Chest radiography (CXR) Correctly proposes one appropriate

(2) Blood sampling for laboratory tests, management item

including hematology, biochemistry, and o VLR ()-GT—THE S 0

cultures Fails to propose any of the management

(3)Blood sampling for arterial blood gas items listed in (1)—(5)

analysis or D-dimer testing

(4)Initiation of antibiotic therapy

(5)Consideration of endotracheal

intubation, noninvasive ventilation, or high-

flow nasal cannula (HFNC)

IR RN E R A N e e o & TR R REIEAI25)
Deduction applied for management Administration of diuretics Each item is awarded
decisions that may result in patient harm | o 457 JIf45° 4% A\ SCAH G103 7 1 2 points.

Chest tube insertion or needle
decompression for pneumothorax

O 45 T PURE LTS V6 e 1M AR

Initiation of anticoagulant therapy for
thrombosis
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Table S3. OSCE feedback questionnaire for PoCUS.

OSCE feedback

Level of Agreement
(1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree,
5 = Strongly Agree)

QU#EZPOCUSHE:, fig KIMTKHIA AL -
PoCUS OSCE exam helps reveal my weaknesses.

ol 02 o3 04 o5

QLR A POCUSHUS: fiE g 1 5 M PO CU S A4 ) (1)K
o

PoCUS OSCE exam makes me more appreciative of the
problem-oriented nature of PoCUS.

ol o2 o3 o4 o5

Q3T AR A POCUSHEL fit s T AABAT IR BT

POCUS.

PoCUS OSCE exam makes me more familiar with when to do
POCUS.

ol o2 o3 04 o5

QAFKRR APOCUSHS: fit sl TH 20 o] AT B B 215
PoCUS OSCE exam makes me more at ease with the
acquisition of key images.

ol o2 o3 o4 o5

Q5 Hi Ay POCUSH A A T B B AT PSR 4% o
PoCUS OSCE exam makes me more at ease interpreting key
images.

ol o2 o3 04 o5

Q68 A POCUSHU: it s F HE A S W AT POCUS & AL 44
NS

PoCUS OSCE exam makes me more familiar with the process
of incorporating PoCUS findings into clinical decision.

ol o2 o3 o4 o5

Q7E AR ZPOCUSHEAZ, Hedd NI AHHMATPOCUSIH H
Ho

After the PoCUS OSCE exam, I will become more confident to

practice PoCUS in the future.

ol 02 o3 04 o5

Q8F R 2455t POCUSTR, JlEHZPOCUS OSCEHI 5
I think completing a PoOCUS OSCE exam should become a
regular step after learning PoCUS.

ol o2 o3 04 o5
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Figure S1. Remote supervision uses two cameras to show the live ultrasound image, hand and probe move-
ments, and the probe—patient contact point.

Comparison of the mean score for each exam item between the two groups

Group @ Experimental group @ Control group P<0.05

ok

=0
—1

Mean Scores(0-5)
—@—
»
@+

4 @ .
o i
e
b a
%
® © ° ® w ® W ¥® N & & & & W
ITEM

Figure S2. Comparison of mean EPA-based PoCUS OSCE item scores (+1 SD) between the NPT+RS
(experimental) group and the traditional (control) group. Items are grouped by domains of indication (I1-13),
acquisition (A1-AS5), interpretation (IN1-IN4), and medical decision making (M1-M2). The PLAPS point
interpretation item (IN4), which showed a significant between-group difference is highlighted.
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Score distribution of each item on the Technology Acceptance Model (TAM) questionnaire for fifth- and sixth-year students

Q1. Using POCUS in my practice will enable me to accomplish L
tasks more quickly. N6

5

NS
Q2. Using POCUS would enhance my effectiveness in my practice.

N6
NS
Q3. 1 found POCUS useful in my practice. i
NS
Q4. Using POCUS would improve my practice performance. "
[
Q5. Using POCUS in my practice would enhance my productivity. -
M5
Q6. Using POCUS would make it easier to do my job. e

N5

Q7 Learning to operate POCUS was easy for me. @

M5

Q8.1 found it easy to get POCUS to do what | want it to do. &

N5

Q9. My interaction with POCUS has been clear and understandable. .

5
Q10. | found POCUS would be clear and understandable. i

3
»

3

M5
Q11. It was easy for me to become skillful at using POCUS. -

||

NS
Q12. | found POCUS easy to use.

N6

e o e o

. Strongly Disagree. Disagree. Neutral . Agree . Strongly Agree

Figure S3. Score distribution of each item on the Technology Acceptance Model (TAM) questionnaire for
fifth- and sixth-year students, by grade level (M5, M6). Bars show the proportion of respondents selecting each
Likert category from “strongly disagree” to “strongly agree.”

Score distribution of each item on the Objective Structured Clinical Examination (OSCE) questionnaire for fifth- and sixth-year students

M5
Q1. The POCUS OSCE exam helps reveal my weaknesses.
3

Q2. The POCUS OSCE exam makes me more appreciative of the
problem-oriented nature of POCUS.

Q3. The POCUS OSCE exam makes me more familiar with when to
do POCUS.

Q4. The POCUS OSCE exam makes me more at ease with the
acquisition of key images.

Q5. The POCUS OSCE exam makes me more at ease interpreting
key images.

Q6. The POCUS OSCE exam makes me more familiar with the process
of incorporating POCUS findings into clinical decision.

Q7. After the POCUS OSCE exam, | will become more confident to
practice POCUS in the future.

Q8. | think completing a POCUS OSCE exam should become aregular
step after leaming POCUS.

]
H

3

. Strongly Disagree. Disagree. Neutral . Agree . Strongly Agree

Figure S4. Score distribution of each item on the Objective Structured Clinical Examination (OSCE) feed-
back questionnaire for fifth- and sixth-year students, by grade level (M5, M6). Bars show the proportion of

respondents selecting each Likert category from “strongly disagree” to “strongly agree.”
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