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AB S T R AC T
Background: Students usually learn point-of-care ultra-

sound (PoCUS) on standardized patients, thus lacking oppor-
tunities to correlate their ultrasound findings with clinical ab-
normalities. Sonoist is a student-led initiative aimed at im-
proving ultrasound training with peer-teaching and real pa-
tients. We describe here a pilot project of Sonoist, its imple-
mentation and evaluation.

Methods: Sonoist was developed by Independent-
Practitioner certified medical students who teach their peers
how to scan patients with abnormal clinical findings, then
correlate their ultrasound findings with the physical examina-
tion. FromMay 2019 to February 2020, seven sessions were
held, with a sessional average of 3 participants and 3 patients
scanned. We collected survey data on ultrasound knowledge,
participants’ perceived self-improvement, and general com-
ments. Results were grouped by prior ultrasound training
(novice n=8, experienced n=12) and year of study (1-4).

Results: 20/23 completed the survey. An increase in
ultrasound skill was perceived by all of novices and 67% of
experienced learners. Knowledge about clinical indications
for PoCUS improved in 80% of novice and 81% of experi-
enced students; sonographic knowledge improved in 69%
of novices and 81% of experienced learners. All novices
and 92% of experienced learners reported that learning ul-
trasound was useful for correlating with physical exam and
clinical diagnosis. All novices and 83% of experienced stu-
dents preferred peer-to-peer teaching.

Conclusion: Peer-to-peer PoCUS teaching improved
medical students’ sonographic and clinical knowledge and
was perceived as useful by students. A combination of early
clinical exposure and a less stressful environment from peer
teaching may contribute to these results.
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1 | INTRODUCTION

Point-of-Care Ultrasound (PoCUS) is a preferred bed-
side imaging method in many clinical situations. It is
quick to perform, easily accessible, non-invasive, and
without radiation exposure. As PoCUS is used in an in-
creasing number ofmedical specialties, its incorporation
into medical schools’ curricula is growing.

One barrier to faculty teaching is a lack of staff who
have expertise in PoCUS and time to do additional teach-
ing outside of regular clinical duties. (1) Peer teaching,
the process of using experienced students as teachers
for their peers or near peers, can address this gap. Peer-
teachers and their students share similar experiences
and language, and have similar social roles, which pro-
motes comfort and decreases stress. Yu et al. have
shown that peer-teaching for PoCUS in undergraduate
medical programs is comparable to conventional staff-
teaching. (2)

Currently, undergraduate bedside ultrasound curric-
ula focus on practicing scans with standardized patients.
Scanning healthy models provides technical skills but
leaves trainees with a lack of exposure to actual abnor-
malities and little knowledge about clinical indications
to perform the scans. In addition, learning in a non-
clinical setting does not encompass workplace learn-
ing, whereas interactions with patients provide informal
feedback cues that allow for ongoing improvement. (3)

Sonoist is a near-peer ultrasound innovation run
by medical students addressing the lack of clinical
exposure in current ultrasound curricula. During
Sonoist sessions, medical students scan in-patients
with ultrasound-detectable findings while being taught
by their Independent-Practitioner (IP) certified peers.
Learners have the opportunity to correlate their ultra-
sound pathologies with patients’ presenting symptoms,
medical history, and physical exam findings.

Given the need for appropriate ultrasound training,
the effectiveness of peer teaching, and the lack of clin-
ical and pathological exposure in current PoCUS cur-
riculum, we hypothesize that introducing programs like
Sonoist early in clinical training will increase ultrasound
knowledge, skill, and understanding of pathological find-

ings. The present study describes a pilot of the Sonoist
initiative, its implementation, and evaluation.

2 | METHODS

2.1 | Participants

McGill University medical students from first to fourth
(final) year participated. From the students who signed
up, 3-4 were selected as participants for each session
on a first-come first-serve basis; this maximized scan-
ning time while considering patient comfort. Those who
signed up for multiple sessions but were not previously
selectedwere given priority. Learnerswere asked to pre-
pare by reviewing introductory video resources found
on the Sonoist website (https://www.sonoist.com/) that
explain the basics of each scan.

2.2 | Setting

The sessions took place in university-affiliated teaching
hospitals’ internal medicinewards or coronary care units
(CCU), each equipped with a portable ultrasound ma-
chine. The attending physicians or senior residents on
servicewere contacted for permission; they also offered
a list of patients with potential ultrasound detectable ab-
normalities. The instructors met each patient prior to
being scanned to obtain consent. All patients agreed to
participate and were aware of the educational nature of
the session.

2.3 | Implementation of Sonoist

The Sonoist initiative was created by IP-certified medi-
cal students. IP is a certification provided by the Cana-
dian Point of Care Ultrasound Society to perform, docu-
ment, and teach point of care ultrasound across Canada.
From May 2019 to February 2020, seven peer-taught
ultrasound sessions were held, lasting 2 hours each. Be-
cause of the in-person and hands-on nature of the ses-
sions, they had to be paused since the start of the
COVID-19 pandemic. Scans taught included eFAST
(free fluid), intrauterine pregnancy, lung and pneumoth-
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F IGURE 1 Structure of a Sonoist session.

orax, gallbladder, subxiphoid view of the heart and ad-
vanced cardiac views. Learners were asked to pre-
pare for each session by reviewing scans found on the
Sonoist website.

IP instructors and student participants reviewed the
scans again together prior to the session (Figure 1). The
group then went to the bedside and elicited a brief his-
tory. A focused physical exam was performed. Each
student then practiced the indicated scan for each pa-
tient. Finally, the group debriefed by discussing the
differential diagnosis, emphasizing how bedside ultra-
sound guided their thought process.

2.4 | Program Evaluation

Pre- and post-online Google surveys collected data on
the participants’ ultrasound and clinical knowledge, sub-
jective and objective improvement, and feedback about
the sessions (Table 1). The survey was adapted from
other similar near-peer evaluations. (4) Questions as-
sessed both clinical knowledge, such as indications to
use PoCUS, and technical ultrasound knowledge, such
as specific ultrasound findings related to a pathology.
Results were de-identified and grouped by level of ultra-
sound training. The survey results were analyzed with
descriptive statistics and two-tailed T-tests were used
to determine statistical significance.

Consent to participate in the study was obtained
from each participant whowas made aware that the sur-
vey results were intended for research purposes. Names
were only collected for the pre-intervention survey as
identification was required to sign up. After the initial
data was collected, they were de-identified by remov-
ing their names. Later, surveys were sent to participants

via individualized URLs in order to link it with their pre-
survey. During the entire process, the data remained
confidential by being only available to the student re-
searchers and not shared with any other potential clin-
ical evaluator. Participants were free to opt out of the
survey with no repercussions.

3 | RESULTS

23 students participated in an ultrasound session, of
whom 87% (20/23) completed both a pre-test and a
post-test survey. The majority were either in their sec-
ond (9/20) or third (8/20) year of study. 12/20 partic-
ipants had some experience, defined as previous ses-
sions in ultrasound, and these were mostly in third year.
40% of participants were beginners, most of them be-
ing second year students with no formal training in ul-
trasound. Most attendees (20/23) were present for a
single Sonoist session.

3.1 | Subjective Skill Improvement

In response to the question “did your ultrasound tech-
nique improve,” all eight beginners reported subjective
improvement, whereas 8/12 experienced participants
did. Following the session, novices reported that they
were much improved (4.6/5), whereas the experienced
group described moderate improvement (3.8/5).

Analyzing by year yielded similar results. Students
with the most experience, third years, stated subjective
moderate average improvement (3.6 of 5), with only half
stating they improved at all. All preclinical students, first
and second years, subjectively thought they improved
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In Pre-test
Survey

In Post-test
Survey

Scale

Demographics

What is your level of ultrasound? x x 1-5

What is your year of study? x x Free text

Subjective assessment

Did your technique of ultrasound improve? x 1-5

Was PoCUS useful to incorporate in the physical exam? x 1-5

Was seeing PoCUS-detectable pathologies useful in your
clinical diagnosis?

x 1-5

Was PoCUS useful clinically? x 1-5

Was peer-teaching helpful? x 1-5

Would you prefer peer-to-peer teaching or staff teaching
sessions?

x Peer vs.
staff

Will you advocate, or wish to use, PoCUS for your future
exams?

x 1-5

Did PoCUS help narrow your differential? x 1-5

Objective assessment

Sonographic knowledge:
1. What does 3 B-lines in one intercostal space suggest?
2. How can we differentiate a gallstone from a cyst?

x x Multiple
choice

Clinical indications:
1. Which imaging modality is superior to pick up pleural
effusion?
2. Which of the following is a clinical indication for PoCUS?

x x Multiple
choice

TABLE 1 Pre- and post-intervention survey sent to participants. Surveys consist of 4 parts: self-assessment,
demographic data, subjective assessment and objective assessment of intervention.



Yan et al. 5

much more: first years subjectively improved on aver-
age 4.5 of 5 (n=2); second years improved on average
4.4 out of 5 (n=9).

Self-reported improvement pre- and post-
intervention yielded similar results (Figure 2). Beginners
self-reported a difference in 28% of skill, with signifi-
cant results (p<0.05). Experienced users only noted an
8% increase in skill (p<0.05).

Students in their earlier years of training, such as
those in their first year of medical school, showed the
largest change of 30%, which decreased as the years
went up: 16% and 13% for years 2 and 3 accordingly.
No result was significant when analyzed by year.

3.2 | Objective Improvement

Figure 3 shows the change in both clinical and ultrasono-
graphic knowledge. When assessing clinical knowledge,
beginners showed an increase of 31% and 44% in clini-
cal indications and sonographic knowledge respectively.

Experienced users showed an increase in 25% and 33%
in clinical indications and sonographic knowledge.

First year students showed a 50% increase in clinical
indication and 50% in technical sonographic knowledge;
second years showed a 55% increase in clinical indica-
tion and 61% in technical ultrasound knowledge; and
third years showed a 25% increase in clinical indication
and 37% in actual ultrasound knowledge.

3.3 | Physical Exam with PoCUS

All beginners reported that the use of ultrasound was
better than physical exam alone, with an average score
of 4.8 of 5 when answering the question “was PoCUS
useful to incorporate in the physical exam?”. 92% of ex-
perienced users stated that it was useful, with a score
of 4.4 of 5. With this, all beginners stated that there
was utility in narrowing the differential diagnosis using
ultrasound, especially for pathognomonic findings, with
a score of 4.9 of 5. All experienced users stated similarly,

F IGURE 2 Self-perception of skill pre- and post-intervention.
Blue is pre. Orange is post.
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with a score of 4.8 of 5.

All participants, except two students from second
year, suggested that ultrasoundwas a necessary adjunct
for the physical exam. Only one (1/9) second year stated
it was not necessarily useful, though the average useful-
ness for clinical use and narrowing the differential was
highest in this group at 4.9 of 5.

3.4 | Utility and Peer Teaching

All users (20/20) reported that the sessions were useful
and agreed that ultrasound would likely be used in the
future, as well as advocate for its use in clinical scenarios
where appropriate.

With regards to peer-to-peer teaching, all novices, as
well as those in first and second year, preferred student-
led sessions, whereas 83% (10/12) of experienced users
did. Of those in their third year, 8/9 preferred student
sessions and 0/1 in fourth year did.

4 | DISCUSSION

We report the first use of combining teaching through
patients with real clinical findings and peer-to-peer ul-
trasound as a means to increase ultrasonographic and
clinical knowledge. An increase in ultrasound knowl-
edge and subjective skill were observed in both be-
ginners and experienced learners, though most signifi-
cantly in self-identified beginners. The positive effects
of ultrasound noted in the literature, such as an in-
crease in clinical indication and pathological identifica-
tion, were similarly noted. Moreover, learners of all
levels stated their preference for peer-to-peer teaching
over staff teaching.

The benefits of peer teaching are well known: it pro-
vides a comfortable learning environment for students,
allows peer-instructors to consolidate their knowledge
through teaching and use less medical education re-
sources to achieve comparable results. (5, 6) This is
the first published study, however, to show its use on

F IGURE 3 Mean correct answers to questions evaluating ultrasonographic and clinical knowledge pre- and
post-Sonoist session.
Total of 20 surveyed participants at Canadian hospital wards over 7 sessions. Blue is pre. Orange is post.
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real patients with positive ultrasound findings. Although
benefits were observed in all groups, they differed in
their perception of gains. For example, experienced
users perceived that they improvedmuch less than their
objective scores suggested. Beginners, however, be-
lieved they improved more proportionally to their ob-
jective scores. The latter could be explained by learn-
ers equippedwith less knowledge having lower expecta-
tions of their improvement compared to more advanced
learners. Providing early exposure in a low-stress envi-
ronment, therefore, may be key in ensuring greater per-
ceived benefits and self-confidence for students in ultra-
sound.

Similarly, preclinical students in their first or second
year of study showed the largest subjective perceived
improvement with a mirrored increase in their quantita-
tive measures. This suggests the presence of a steeper
learning curve in the initial phase of ultrasound educa-
tion. Such a trend is not uncommon in medical educa-
tion, where it has often been noted that pre-clinical ex-
posure maximizes learning for beginning medical practi-
tioners. (7)

The increased clinical and ultrasound knowledge
might further be explained by workplace learning con-
cepts, where learners feel they are included in actual
hospital work. (3) Many transitional clerkship curric-
ula attempt to mirror this learning by exposing pre-
clerkship students to authentic clinical settings. (7) As
more schools foster early clinical exposure, it is likely ul-
trasound curricula will need to incorporate projects like
Sonoist to mirror actual sonographic work.

There are limitations in this study. Because the
project was brought to a halt since the start of the
COVID-19 pandemic, it was conducted only at two sites
with a few patients and pathologies; however, we feel
that the patients’ pathologies generally represent what
a medical student might see at a typical teaching hospi-
tal.

Additionally, though the majority of the feedback re-
ceived from each session was positive, there are key
questions remaining. What are other contexts in which
peer-teaching is preferred over staff teaching? What
would be the effect of using peer-instructors with less

training? Previous PoCUS initiatives noted that differ-
ent levels of effective instructorship relied on their com-
fort with both the technical and clinical aspects of ultra-
sound. (3) Novice instructors may require further train-
ing to ensure excellence in teaching, and to properly
identify clinical findings. Further work will go into cre-
ating a skill-based assessment of students and instruc-
tors who are being observed and graded undertaking
POCUS.

Importantly, most participants preferred peer clinical
teaching. Possible reasons include low stress roles with-
out significant responsibility, comfortable learning envi-
ronments, and the ability to have first on-hand exposure.
Thus, Sonoist is a promising initiative that addresses the
need for qualified faculty by putting students at the fore-
front of innovation. Such student exposure and teaching
may be increasingly necessary, with ultrasound seen as
a future “fifth pillar of physical examination”. (8)

Peer-to-peer teaching like Sonoist improves sono-
graphic, clinical knowledge of both experienced and be-
ginner PoCUS practitioners, increases perceived bene-
fit and advocacy for PoCUS, and is preferred over other
staff teaching in this specific context. It is a helpful tool
that requires further investigation on learning strategies
and styles but offers a promising future.
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