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Abstract

BACKGROUND: The use of point-of-care ultrasound (POCUS) has recently proposed the integration of ultrasound into
undergraduate medical education. However, the evidence of learning tool for this integration has not been well studied.

AIM: The aim of this study was to compare the levels of knowledge improvement of the 6" year medical students
before and after receiving the POCUS training in two ways: By employing the traditional methods and by utilizing
the new learning tool.

METHODS: The practical ultrasound flashcards were developed by a Thai physician. In the study, the 6" year
medical students were enrolled and randomized to become members of either the flashcard group or the control
group. Participants in both groups attended a 4-week ultrasound training course. Before and after the training course,
all students were evaluated using the multiple-choice questions. In addition, the subjects’ attitudes and perceptions
about the flashcards were evaluated using a questionnaire.

RESULTS: A total of 46 students participated in this study and were randomly assigned to either the flashcard group
(n = 23) or the control group (n = 23). It was discovered that the students in the flashcard group had performed better on
the POCUS knowledge post-test than those in the control group had. Most students had been satisfied with the flashcards
(mean 5 Likert scores = 4.48). However, the students had rated their confidence score to perform POCUS at 3.96 out of 5.0.

CONCLUSIONS: Medical students who used the ultrasound flashcards to learn POCUS had resulted in better
knowledge scores rather than the others who attended the standard ultrasound training course only. However, it was

not possible to evaluate the practical skills and the clinical decision-making processes in this study.

Introduction

In the emergency department, point-of-care
ultrasound (POCUS) is widely accepted as an essential
procedure, which can aid clinicians in diagnosing and in
performing resuscitation procedures. In addition, there
is evidence that it can be performed effectively by non-
specialist physicians after they have received limited
training [1], [2], [3], [4]. Therefore, POCUS ftraining is
recommended for medical students, for emergency

medicine residents, and for other subspecialty
physicians worldwide.
At present, ultrasound has been

implemented in the medical curricula of many medical
schools [5], [6], [7], [8]. However, the study of the POCUS
learning in the medical curricula in Thailand is still limited
given that the materials for learning POCUS in Thailand
are mostly in the form of textbooks, which cannot show
the visual animation of the ultrasound clips. Hence, this
factor makes it difficult for students to recognize and to
understand the various characteristics of ultrasound.

The novice learning tool, which was named
“The Practical Ultrasound Flashcards with Augmented
Reality,” was developed by members of the Faculty of

Emergency Medicine at Khon Kaen University in 2019.
This POCUS learning tool aims to give the medical
students easy access to POCUS knowledge and to
increase their enjoyment of learning.

In terms of the POCUS learning for medical
students, a 4-week POCUS training was conducted with
the 6" year medical students at Khon Kaen University
during their rotation in emergency medicine, which
included didactic lectures as well as bedside ultrasound.
The primary objective in this study was to evaluate the
POCUS knowledge of the 6" year medical students before
and after their rotations in emergency medicine. This
process was carried out by comparing the two methods
of the learning process: The traditional training and the
traditional training, which included the self-study with “The
Practical Ultrasound Flashcards with Augmented Reality.”

Methods

Study design

This randomized controlled trial was conducted
in a tertiary university hospital in Thailand. Ethics
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approval was provided by the Khon Kaen University
Ethics Committee for Human Research, and the
approval was registered with the Thai Clinical Trials
Registry (HE631197).

Participants

The participants were the 6" year medical
students who were studying in the emergency medicine
during their rotation at the Department of Emergency
Medicine at Srinagarind Hospital in Khon Kaen. Sample
random sampling was used to enroll the students in this
study. The written informed consent was obtained from
each participant before enrollment.

Sample size

The sample size for the analysis of the
estimated sample size for two samples with repeated
measures was determined. We hypothesized that
the difference in knowledge between the two groups
would be approximately 5% and that there would be a
moderate degree of consistency between the pre-test
scores and the post-test scores. The power analysis
was determined using an alpha of 0.05 and a power
of 0.80. This resulted in an estimated desired effect
sample size of at least 23 subjects in each group. The
medical students, who were not participating in this
particular rotation, were excluded.

Study protocol

Before any intervention, the students’ baseline
POCUS knowledge was tested using a multiple-choice
pre-test. Students were divided into two groups using
sample random sampling: The first group of students
only received the traditional POCUS learning (the
control group), while the second group of students
received the traditional POCUS learning, as well as
the ultrasound flashcards (the flashcard group). After
this, students in both groups attended the traditional
POCUS training course, which was provided by staff
members of the department of emergency medicine,
who are specialists in POCUS.

The traditional POCUS training course
consisted of the 11 didactic lectures (ocular, lung,
abdominal aorta, gallbladder, small bowel, appendix,
kidney, skin and soft tissue, deep venous thrombosis,
ultrasound protocols, and cardiology) and bedside
ultrasound with the real patients (three sessions per
week at 3 h per session).

During the 4 weeks of the emergency
ultrasound rotation, the students in the flashcard group
were allowed to learn POCUS from the ultrasound
flashcards as often as they wished. After the training
period, both of the student groups were evaluated using
a multiple-choice post-test.

The pre- and post-test examination was
consisted of 20 POCUS questions with five multiple
choice. The scoring system was 1 point per each 1
POCUS questions. Thus, the minimum score and
maximum score were 0 and 20 points, respectively.

After the rotation, the students in the flashcard
group were asked to a complete self-assessment
questionnaire with a Likert scale ranging from 1 to 5 to
rate their attitudes and perceptions about the flashcards.
Moreover, open comments were used to assess any
problems that the students might have had while using
the flashcards as a learning tool.

The description of the flashcards

The practical ultrasound flashcards with
augmented reality were developed by Kamonwon
lenghong and Praew Kotruchin who are both
members of the faculty. The set was designed in the
form of 125 pages of cards that contain 20 ultrasound
clips and 11 aspects of POCUS knowledge — all of
which are included in all of the didactic lectures in
the traditional POCUS training course. In terms of the
technology of augmented reality, the users were able
to download the application on their android phones
and to play the animation of ultrasound clips in real
time. (Figure 1).
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Figure 1: New learning tool named *“The Practical Ultrasound
Flashcard with AR”

Statistical analysis

Categorical variables were expressed as
frequencies and percentages, while the continuous data
were expressed as means and standard deviations. In
terms of the baseline characteristics, the differences
between groups were compared using an independent
sample t-test. An analysis of the covariance model
was used to compare the post-test scores of the two
groups and to adjust the baseline score measurements.
Differences in the pre-training tests and the post-
training tests were compared using an independent
sample t-test. A two-tailed p < 0.05 was considered

40

https://www.id-press.eu/mjms/index



lenghong et al. Emergency Ultrasound Flashcards with Augmented Reality

to be statistically significant. All data analyses were
performed using Stata version 10 (StataCorp, College
Station, TX).

Results

Our program was conducted from May 2020 to
June 2020.Allofthe 6" year medical students, numbering
46 in total, were recruited from the emergency medicine
rotation and were randomly assigned to be either in the
flashcard group (n = 23) or in the control group (n = 23).
All students completed the trial and were included in the
data analysis. The demographic data of the participants
are shown in Table 1.

Table 1: The demographics of the participants

Characteristics The flashcard group The control group p-value
Age (mean) 22.61 22.09 0.081
Male, n 11 12 0.774

It was found that the students in the flashcard
group had performed better on the POCUS knowledge
post-test than those students in the control group. Score
improvement in the flashcard group was higher than
another group with statistically significant (p < 0.001)
(Table 2). Most of the students had been satisfied with
the flashcards (mean Likert scores 4.48). In terms of
the students’ degrees of confidence to perform POCUS
after using the flashcards, the students had rated their
mean confidence score at 3.96 out of 5.0. In terms of
the open comments, most students indicated that the
flashcards had helped them to better enjoy the process
of learning POCUS.

Table 2: The comparison of mean scores of pre- and post-test
between the flashcard and control groups

Characteristics, mean (SD) The flashcard group The control group p-value

Pre-test score 10.30 (2.63) 10.83 (2.31) 0.479
Post-test score 17.65 (1.85) 16.43 (2.43) 0.062
Score improvement 7.35 5.6 <0.001

(post-test vs. pre-test)

Discussion

This is the first study to evaluate the new
POCUS learning tool with the 6" year medical students
using the randomized prospective method. From the
results of the multiple-choice test, we found that the
participants had significantly improved. This may
suggest that the flashcards, which were developed,
had been successful in improving the students’ basic
POCUS knowledge. It was shown that the average
score had improved from 5.6 to 7.35, which is equivalent
to 8.75%. The two groups of students had the basic
POCUS knowledge training and the second group had

an extra material to learn from (flash cards); therefore,
it may be expected that those who have more material
to study from will have better response. The previous
studies [9], [10], [11], [12], which had examined the
teaching of ultrasound courses for medical students
and residents, showed that the knowledge scores had
increased after learning. However, it is important to note
that the learning tools utilized in those studies were not
similar to the one used in this study.

Ultrasound education can be delivered through
classic methods, such as didactic presentations
or practical hands-on courses. Lectures are often
appropriate for teaching the fundamental principles of
ultrasound. However, lectures alone cannot replace
the essential hands-on training that is critical for
obtaining the visuospatial and visuomotor skills, which
are necessary for handling a transducer and acquiring
images [13], [14]. Hence, the confidence score to
perform ultrasound in this study was rated as 3.96,
which means that this new learning tool may not be
replacing the skill of hands-on teaching.

It is critical to inspire students while they
are learning ultrasound. One of the most fascinating
teaching methods, and often the best received, is the
ability to connect the clinical data and the represented
anatomy/pathophysiology to the ultrasound image
in real time [13]. Therefore, the new learning tool in
this study can serve to address this issue. Moreover,
it received high scores when the participants rated
their degrees of satisfaction. In the open comments,
the students noted that they had also enjoyed the
technology of augmented reality, which had made it
easy for them to play the ultrasound clips and to review
the POCUS knowledge.

At present, POCUS self-learning can be carried
out in many ways, such as the SONOSIM ultrasound
solution, which is an online education course [15]. The
students can explore various ultrasound pathologies
in real time, and they are able to practice the clinical
decision-making processes in the ultrasound case
scenarios. However, the costs make it expensive,
which means that for most students or institutions, this
learning tool cannot be easily accessed. Therefore,
given that the cost is only $12.50 or 400 baht, these
flashcards may have a definite advantage over other
tools because they are cheaper.

Limitations

However, our study also had some
limitations [16], [17], [18], [19]. First, this was a single-
center study, which naturally limits the generalizability
of the results. Second, the students were evaluated
based on their knowledge scores, which are imperfect
indicators when evaluating ultrasound skills and
clinical decision-making processes based on real
scenarios.
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Conclusions

The findings of this study revealed that the 6"

year medical students can effectively learn the POCUS
using the ultrasound flashcards. Future studies are
needed to further evaluate the POCUS skills and the
clinical decision-making processes.
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