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Introduction
The dynamic nature of clinical medicine and the limited 
resources of a public system continuously challenge graduating 
physicians. It is thus imperative to equip future health care pro-
fessionals with tools that will enhance their diagnostic capa-
bilities.1 With its increasing portability and affordability, 
point-of-care ultrasound (POCUS) is allowing clinicians from 
a wide array of fields to use it at the bedside.2 This versatility 
permits real-time bedside imaging of anatomic and pathologic 
structures, with minimal risks to the patient.3 As such, POCUS 
has become an inextricable part of critical care and emergency 
medicine.4,5 Another example of POCUS’ extensive use can be 
seen in cardiology, where echocardiography is the most fre-
quently employed diagnostic tool and the most resource spar-
ring imaging method.6

Point-of-care ultrasound’s clinical advantages are multi-
faceted as it reduces costs associated with advanced imaging,7 
improves patient care and patient safety8 and reinforces the 

doctor-patient relationship by increasing face-to-face inter-
actions. Point-of-care ultrasound has also been shown to have 
tangible pedagogical advantages as it can enhance the teach-
ing of anatomy,9-13 physiology,14-17 and procedural skills.18-22 
In the anticipation that POCUS will be used by future physi-
cians as an extension of their physical examination, just like 
the stethoscope has historically been used, medical educators 
have started implementing ultrasound curricula in medical 
schools around the world.1,23-27 In Canada, the University of 
British Columbia, the University of Calgary, and the Northern 
Ontario School of Medicine have some form of undergradu-
ate POCUS teaching.28 However, at the time of this study, 
the University of Ottawa was lacking a formal preclerkship 
POCUS curriculum.

Most studies reporting on point-of-care cardiac ultrasound 
(PCCU) have solely concentrated on the training of staff and 
residents.29 Conversely, studies focusing on PCCU undergradu-
ate training are scarce.29 As preclerkship is a period during 
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which fundamental clinical skills are learned, the introduction 
of PCCU during this early stage may be very effective for the 
consolidation and enhancement of the physical exam. Thus, this 
pilot study sought to evaluate anatomical sonographic knowl-
edge and ultrasound generation capabilities associated with the 
implementation of a 3-h PCCU training camp led by 2 emer-
gency physicians, using a flipped classroom design. Furthermore, 
student perceptions about POCUS were explored.

Methods
Written and informed consent was obtained from all partici-
pants prior to completion of the pretest/post-test question-
naires, workshop and Objective Structured Clinical 
Examination (OSCE). Approval was granted from our insti-
tutional Office of Research Ethics and Integrity (#H-08-18-
941). Participants were not told that the study had a pretest/
post-test format as they may have focused more intently on 
discovering the answers to the questions on the pretest, and 
this could have inflated post-test scores. Pre- and post-tests 
were written and reviewed by faculty members with extensive 
experience in question design for validity.

Recruitment

Thirty-two preclerkship students (23 first years and 9 second 
years) were recruited via email from the University of Ottawa’s 
Faculty of Medicine during January 2019. To ensure a basic 
knowledge of cardiac anatomy and physiology, recruitment was 
done after the 2 first introductory weeks of the preclerkship 
first-year cardiac bloc. Inclusion criteria included students at 

the preclerkship level. Students were excluded (n = 3) if they 
had any pre-existing ultrasound workshop exposure. As an 
extracurricular learning experience, no compensation or aca-
demic recognition was provided to participants. However, 5 h 
toward the POCUS Interest Group was offered.

POCUS manual, intervention #1

A peer-written, evidence-based and expert validated POCUS 
manual was sent to the participants 1 week prior to the work-
shop, to maximize hands-on scanning during the session. 
Students were instructed to spend 2 h reading the manual, 
which included 3 chapters addressing ultrasound fundamen-
tals/knobology, artifacts, and PCCU.

Workshop, intervention #2

Subsequently, students attended a 3-h workshop that focused 
on the image acquisition of 4 cardiac windows (see Figure 1). 
The workshop commenced with a 20-min presentation recap-
ping relevant theory. Following this, students were divided into 
8 groups of 4, each with their respective ultrasound machine, 
simulated patient and exam table. Two Emergency department 
physicians circulated between groups, instructing participants 
on proper sonographic technique and optimizing the students’ 
image accuracy and quality. A peer mentoring model was 
adopted, with a leader having done extracurricular POCUS 
training being assigned to each group. This allowed for the 
mobilization of a large group of students with few staff mem-
bers, who have a scarcity of time.

Figure 1.  Cardiac views that students learned.
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Perception pretest

A 5-point Likert-type scale pretest (completely agree, agree, 
neutral, disagree, completely disagree) with 8 questions (see 
Table 1) was filled out by students 2 weeks before the workshop 
on SurveyMonkey (SurveyMonkey, San Mateo, CA, U.S.A.; 
http://www.surveymonkey.com). The questionnaire was used 
to assess student perceptions of the ultrasound tool, with sub-
jects pertaining to its clinical usefulness and its perceived role 
in undergraduate medical education.

Sonographic anatomy pretest/post-test

Identical pretests and post-tests comprised of 4 sections con-
taining a total of 21 questions (multiple-choice, short answer, 
and identification) were used to assess sonographic anatomical 
identification (See Figure 2 for example). The pretest was 
administered right before the workshop began, while the post-
test was given at the end of the workshop.

Objective structured clinical examination long-
term post-test

To assess the retention of POCUS skills over time, an OSCE 
was done 3 weeks after the workshop to evaluate the partici-
pant’s image generation of all 4 cardiac views, and structural 

labeling. Each cardiac view was ascertained using a detailed 
grid outlining specific sonographic structures that had to be 
visualized to have a successful scan (See Figure 3). A binominal 
model was used (pass/fail) for each cardiac view. A view was 
considered successful only if it filled all its respective criteria 
outlined in Figure 3. The simulated patient was scanned by an 
emergency physician ahead of time to establish the gold stand-
ard for all four cardiac views.

Table 1.  Pretest perception questionnaire.

Strongly disagree Disagree Neutral Agree Strongly agree

1. I would like to have extracurricular training in ultrasound during my preclinical (year 1-2) years (workshops)

Pretest 0% (0/41) 0% (0/41) 0% (0/41) 19.5% (8/41) 80.5% (33/41)

2. I would like to see a formal integration of an ultrasound curriculum during my preclinical (year 1-2) years

Pretest 0% (0/41) 0% (0/41) 0% (0/41) 26.8% (11/41) 73.2% (30/41)

3. �My development of ultrasound skills will help my preclinical (year 1-2) education in various fields (physiology, diagnostic capacities, 
physical exam, etc.)

Pretest 0% (0/41) 0% (0/41) 0% (0/41) 26.8% (11/41) 73.2% (30/41)

4. My development of ultrasound skills during my preclinical year will further prepare me for my clinical years (year 3-4)

Pretest 2.5% (1/41) 0% (0/41) 0% (0/41) 25.0% (0/41) 67.5% (0/41)

5. I would benefit from a longitudinal ultrasound training (years 1,2,3,4) regardless of what residency I end up choosing

Pretest 0% (0/41) 0% (0/41) 9.8% (0/41) 24.4% (0/41) 65.9% (0/41)

6. Having ultrasound training will increase my confidence when attempting to diagnose patients

Pretest 0% (0/41) 0% (0/41) 0% (0/41) 26.8% (11/41) 73.2% (30/41)

7. �Being able to use ultrasound during anatomy sessions will improve my knowledge of anatomical structure identification and spatial 
orientation

Pretest 0% (0/41) 0% (0/41) 7.3% (3/41) 39.0% (16/41) 53.7% (22/41)

8. I see ultrasound as an essential part of the PSD classes

Pretest 2.4% (1/41) 0% (0/41) 0% (0/41) 34.2% (14/41) 63.41% (0/41)

Abbreviation: PSD, Physician Skills Development.

Figure 2.  Example of a section of the pretest/post-test of the 

sonographic anatomy identification.
Window: Subxiphoid.
A: liver, B: right ventricle, C: right atrium, D: left ventricle, E: left atrium,  
F: septum.

http://www.surveymonkey.com
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Anatomical structures seen

Cardiac structures Yes No

1.  Parasternal long axis  

1.1.	 Right ventricle

1.2.	 Left ventricle 

1.3.	 Interventricular septum 

1.4.	 Left atrium  

1.5.	 Mitral valve  

1.6.	 Aortic valve  

1.7.	 Ascending aorta  

1.8.	 Pericardium  

2.  Parasternal short axis  

1.1.	  Left ventricle

1.2.	  Right Ventricle 

1.3.	  Interventricular septum 

1.4.	  Aortic valve 

1.5.	  Right ventricular outflow track  

1.6.	  Papillary muscles  

3.  Subxiphoid  

1.1.	  Right ventricle 

1.2.	  Left ventricle 

1.3.	  Interventricular septum 

1.4.	  Right atrium 

1.5.	  Left Atrium 

1.6.	  Hepatic tissue  

1.7.	  Seven sign 

4.  Apical four chamber  

1.1.	  Right ventricle 

1.2.	  Left ventricle 

1.3.	  Interventricular septum 

1.4.	  Right atrium 

1.5.	  Left atrium 

1.6.	  Atrial septum 

1.7.	  Mitral Valve  

1.8.	  Tricuspid valve 

1.9.	  Cardiac apex  

Figure 3.  Objective structured clinical examination checklist.

Data analysis

Collected numerical variables from pre- and post-tests were 
compared using a t-test and reported as percentages and ratios. 
A p value < .05 was considered statistically significant. 
Calculations were carried out using SPSS, version 25. Internal 
consistency for the Likert-type perception questionnaire was 
calculated using Cronbach’s alpha.

Results
Perception pretest

A total of 41 students answered the perception pretest (see 
Table 1). The perception questionnaire was handed out as a 
pretest (before intervention #2, workshop) to assess ultrasound-
naive student perceptions around POCUS and PCCU. 
Cronbach’s alpha revealed a value of 0.76.
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When asked about their desire to see more time allotted to 
POCUS education in a longitudinal fashion (4 years of under-
graduate medical education), 68% reported that they com-
pletely agreed, 24% reported that they agreed and 7% were 
neutral. Conversely, when students were asked about their per-
ceptions toward non-formal extracurricular preclerkship 
POCUS training, 80% strongly agreed and 10% agreed.

When asked about POCUS’s ability to enhance their per-
formance in clerkship, 67.5% of students completely agreed, 25 
% agreed and 2.5% completely disagreed. Finally, when stu-
dents were asked whether POCUS should be integrated into 
the Physician Skills Development (PSD) portion of their 
training, 63% completely agreed, 34% agreed and only 2% 
disagreed.

Sonographic anatomy pretest/post-test

All 32 first- and second-year medical students demonstrated 
improvements in their sonographic anatomy interpretation 
ability after the workshop (intervention #2). There was a statis-
tically significant improvement for the overall score with a 
mean result of 12.12 for the pretest and 18.85 for the post-test 
(P < .001). Furthermore, each question had a statistically sig-
nificant improvement from pretest to post-test scores (see 
Table 2).

OSCE long-term post-test

The OSCE follow-up revealed that 26 students scored 100% 
(26/32; 81.3%), 2 scored 75% (2/32; 6.3%), 3 scored 50% (3/32; 
9.4%), and 1 scored 25% (1/32; 3.1%).

Discussion
Flipped classroom and peer-teaching

A flipped classroom, employing a peer-written, expert vali-
dated POCUS manual was used in our study to maximize 
hands-on learning during the workshop. Furthermore, as stu-
dents had acquired basic knowledge in knobology, ultrasound 
artifacts, and PCCU image acquisition/interpretation, minimal 
faculty members (n = 2) were needed. Moreover, a flipped class-
room allowed the experts to concentrate their time on coaching 

students and refining image generation techniques in lieu of 
teaching the basics. A flipped classroom in POCUS education 
has shown to be superior to conventional face-to-face teaching 
for both immediate and 2 month follow-up results.30 
Interestingly, our follow-up OSCE results, with 26 out of 32 
students having scored 100%, might be indicative that the 
flipped classroom played an important role in the student’s 
knowledge retention.

Our decision to use a peer for the conception of the peda-
gogic manual and peer-tutors for the workshop revolved 
around the notion that peer-tutors can more appropriately 
frame the complexity of their teachings around students’ degree 
of knowledge when compared to conventional teachers.31-34 
The peers were the founders of the University of Ottawa’s 
POCUS Interest Group and had consequently amassed exten-
sive training from local POCUS experts, conferences, and resi-
dents. This approach thus fostered a more comfortable and 
collaborative environment while efficaciously transmitting 
information. To our knowledge, the use of a peer-designed 
manual for a flipped classroom model has not been described 
for POCUS education.

A flipped classroom offers several advantages when com-
pared to traditional teaching methods. First, this teaching 
didactic increases accessibility, allowing students to view the 
relevant theory regardless of location. Second, updating the 
information as ultrasound technology evolves is relatively sim-
ple and can be done in real time. Finally, a flipped classroom 
standardizes the educational content given to students.35

Perceptions

We decided to evaluate student perceptions exclusively in a 
pretest manner as we wanted to assess current views on the 
technology in a POCUS-naïve subset of preclerks. Overall, 
students reported positive perceptions toward the formal and 
informal implementation of curricular and extracurricular 
POCUS training. Similarly, Dinh et al36 evaluated student per-
ceptions using the same Likert-type scale as our study (1, 
strongly disagree to 5, strongly agree) and found a mean score of 
4.6 for POCUS’ perceived importance in medical education 
and a mean score of 4.44 for POCUS curricular integration 

Table 2.  Pretest and post-test mean results for sonographic anatomy.

Pretest Post-test

  M SD M SD

Section 1 (7 questions) 3.42 2.46 6.67 0.816

Section 2 (5 questions) 2.85 2.02 4.24 1.52

Section 3 (4 questions) 3 1.09 3.7 0.73

Section 4 (5 questions) 2.88 1.96 4.38 0.94

Total (out of 21) 12.12 5.8 18.85 3.35
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into first year of medical school. Likewise, another study 
showed that students positively viewed POCUS as an enhance-
ment tool in preclerkship years (mean 4.45) while favoring a 
longitudinal (4 year) approach (mean 4.39).37 As various emer-
gent teaching modalities such as digital resources, e-learning 
and the flipped classroom model have redefined medical edu-
cation,37 POCUS has great potential to enhance the preclerk-
ship curriculum, especially when backed by student support 
and enthusiasm.

Students in our study also perceived POCUS skills as 
important for their residency and clerkship years. Similarly, a 
study surveying preclerkship medical students found that 95% 
of students considered POCUS a valuable teaching tool.15 
Also, a recent study reported that 88% of their preclerk controls 
felt POCUS would be useful to their future careers2 while 
another study reported that 96% of their preclerk participants 
expected to learn and use it in their future clinical practice.38 In 
parallel, a recent national survey has shown an increase in 
POCUS utilization and training among doctors.39

Image interpretation

Our study showed that preclerkship students were able to sig-
nificantly improve their PCCU image interpretation abilities 
after our minimally time-intensive educational interventions. 
Despite the scarcity in the literature surrounding ultrasound 
image interpretation evaluation for preclerkship medical stu-
dents, previous studies, have shown that short amounts of tar-
geted teaching result in the ability of medical trainees to acquire 
and interpret ultrasound imaging.18,40-43

We decided to initially teach and assess student’s ability at 
understanding the normal sonographic anatomy. As they we’re 
all POCUS naïve, this was crucial first step before the chal-
lenge of pathological identification. A study evaluating patho-
logical cardiac ultrasound interpretation for first year medical 
students showed either modest or no improvement after an 
educational intervention.29 This was probably due to a lack of 
fundamental knowledge surrounding conventional cardiac 
anatomy and subsequently sonographic cardiac anatomy,29 
reinforcing the notion of the importance of a stepwise approach 
to PCCU learning.

Image generation

Despite the ongoing debate over POCUS’s scope of use, there 
is little dispute over its ability to enhance the physical exam.44 
The cardiac exam is routinely performed, regardless of the 
patient’s chief complaint, as it provides clinicians with baseline 
cardiovascular status of the individual. When indicated, 
POCUS can therefore provide a more in depth look of the 
heart in a timely manner, complementing the physical exam. 
As clinical examination skills are learned and refined during 
undergraduate medical education, precocious POCUS training 
in preclerkship may therefore have the most significant impact.

In our study, we demonstrated that preclerkship medical 
students were able to generate 4 PCCU views after practicing 
hands-on scans during a 3 h workshop. The use of a peer-leader 
in every group helped alleviate the need to have several faculty 
members present. Interestingly, a recent study using a 4-h 
PCCU lecture coupled with a 4-h hands-on session revealed 
that peer instructors were superior to staff instructors (cardi-
ologists or diagnostic medical sonographers) at teaching the 
scanning techniques.45

Another study evaluating the ability of first year medical 
students to generate 7 cardiac views after an educational inter-
vention showed that they only acquired limited scanning skills. 
The educational intervention involved 16 hours of training 
over 8 weeks. This discordance in results might be explained by 
the fact that our study only required students to generate 4 
views. However, the use of a flipped classroom design with a 
mandatory learning manual in our study might have played a 
role in increasing our cohort’s ability to focus on scanning 
techniques when attending the workshop. In line with this, a 
recent meta-analysis compiling 28 comparative studies revealed 
that a flipped classroom design was superior to the traditional 
classroom in health education.46

Studies conducted on preclerkship students have also shown 
promising results relating to POCUS’ cardiac imaging capa-
bilities in novice hands. For instance, briefly trained preclerks 
showed an acceptable diagnostic threshold when performing a 
PCCU, and this when compared with a formal cardiac ultra-
sound conducted by a cardiologist.47 It has been also shown 
that the exactness of preclerks students using a handheld ultra-
sound device after brief echocardiographic training to detect 
valvular disease, left ventricular dysfunction and hypertrophy 
was superior to that of seasoned cardiologists performing the 
physical exam.48 Thus, PCCU teaching during the preclerk-
ship years has been shown to have clinical transferability, rein-
forcing the notion of curricular integration.

Limitations
Our study had several limitations. Due to the use of a flipped 
classroom and thus self-directed learning model, the time spent 
by each student might have differed despite our efforts to 
standardize invested time by instructing students to spend 2 h 
studying the manual. While this variation is inherent with the 
self-directed approach, we did not collect any data quantifying 
the hours spent reading the manual. As our study involved 
extracurricular participation, examination results might have 
been skewed to higher scores due to the participation of a 
motivated, self-selected group with an interest in POCUS. As 
such, if the program was part of the formal curriculum, we 
might have seen relatively lower results as the student body at 
large might have invested less time and effort studying. The 
OSCE follow-up demonstrated good 3-week POCUS skills 
retention but we did not have longer-term follow-up to assess 
knowledge retention beyond this period. As the medical school 
preclerkship curriculum is already saturated with content, it 
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would be important to assess the ability of students to retain 
what they have learned from succinct training. Finally, students 
were trained and tested on their ability to ascertain normal 
sonographic anatomy. Even though this stepwise approach is 
important, an ability to interpret and recognize pathology pro-
vides more valuable clinical utility.

The introduction of PCCU for image acquisition and inter-
pretation is feasible at the preclerkship level. Furthermore, 
PCCU can be taught effectively and succinctly using a flipped 
classroom model. These positive outcomes reinforce the notion 
that formal curricular ultrasound education should be inte-
grated from an early stage in medical training.
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