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Background: Ultrasound integration in undergraduate medical education (UME) has been a focused endeavor in recent years.
According to the American Institute of Ultrasound in Medicine, more than a third of all US medical schools have adopted a focused
ultrasound training program for medical students. Medical student perspectives on best practices in ultrasound education are lacking in
the literature.

Curricula Experiences: Two students’ reflections are presented regarding two different didactic approaches, flipped classroom and
self-study learning models, to teaching ultrasound in the pre-clinical medical education curriculum. Students present reflections on
these didactic approaches to facilitate further improvement in ultrasound education curricula.

Discussion: The self-directed learning model enabled students to learn foundational ultrasound exam techniques efficiently in a low-
stress environment and subsequently optimized the efficiency of later faculty-led learning events. However, we noted that in both the
flipped classroom and self-study learning models of education, the training on basic physical properties of ultrasound, tissue
characteristics, and probe manipulation was limited.

Conclusion: A self-study learning model ultrasound curricula improves perceived learning efficiency and student confidence,
especially when followed by faculty-guided didactics and scanning opportunities. We suggest a framework for ultrasound education
curricula that includes components of both formats of ultrasound education alongside faculty-led sessions as an ideal model of
ultrasound education. Further, we propose the added benefit of inanimate object scanning to optimize students’ knowledge of
waveform physics (image acquisition and physical properties of materials) early in the ultrasound education process.
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Background

The incorporation of formal ultrasound (US) training in undergraduate medical education (UME) has gained popularity
as accessibility and affordability of portable US probes has improved.'? According to the American Institute of
Ultrasound in Medicine (AIUM), focused US training is defined as active learning where students are performing US
rather than watching PowerPoints or interpreting images only on a rotation.> The ATUM database reports that more than
a third of all 214 medical schools in the United States have adopted a focused US training program, but only 35 of those
medical schools have a focused US program for medical students throughout all four years of undergraduate medical
education (UME).? Integration of US into medical school curricula has historically been achieved through traditional
didactics followed by large-group faculty-led scanning sessions. These traditional methods often require class-wide
attendance with significant organizational efforts to coordinate post-lecture scanning opportunities.
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The AIUM database as well as academic literature demonstrate that there is wide variability in how each institution
structures its US training curriculum. Many curricular designs focus on incorporating US didactics and modules with
gross anatomy, physical exam, and organ system blocks during preclinical years as part of a longitudinal curricula for all
students."*® Other curricula options include selective ultrasound curricula for a small group of students interested in
enriching their mandatory UME experience throughout all four years.”*

Current published models for UME US curricula are predominantly built from established frameworks within
emergency medicine residency programs.””'' One inherent pitfall is that marked differences in clinical knowledge
exist between learners/trainees within UME and GME; necessitating a role for the medical student perspective on
identifying their educational needs. These differences can create blind spots when translating didactic approaches
between the two groups, such as recognition that UME learners require more time gaining familiarity with normal
anatomy and physiology. GME in US is often incorporated into bedside training with a diagnostic focus, which is often
not the optimal method to introduce undergraduate learners to US principles. Chiem et al, along with the authors of the
UMeCali Experience, report “the role of medical student involvement” as one of the five common themes integral to
successful US education in UME.'? This involvement comes in the form of interest group leadership, peer scanning
sessions, and collaboration with faculty on optimal training design. The medical student perspective on best practices in
US education has yet to play a prominent role in the collegial discussion of curricular design within academic literature.
The authors’ perspective is presented here to provide first-hand student commentary on US education models with a goal
of optimizing student learning and efficiency of technical skill acquisition.

Curricula Experiences
Author Background

The primary authors of this paper (AA and AW) are current fourth-year medical students who were involved in the early
stages of multiple US education initiatives throughout medical school. These educational experiences included US
education sessions required of all students at the UNC School of Medicine (SOM), as well as involvement in the first
cohort of a US scholarly concentration program (SCP), previously described by Bacon et al.® Additionally, informal US
educational training has been completed throughout third-year clerkships via resident- and attending-physician super-
vised point of care ultrasound (POCUS) scanning. The SCP has also allowed for monthly case presentations and
longitudinal projects during clinical clerkships. The longitudinal projects did not begin until the self-study learning
model curricula was complete. The structure of the preclinical curricular experiences is described in greater detail below,
followed by the student-led discussion on the advantages and disadvantages of each teaching model. Ideas for future
innovation, assessment strategies, and perspectives on the best practices in US education are also presented.

Flipped Classroom Model

The UNC School of Medicine curriculum, required of all students, features three semesters of preclinical studies. At the
time of the primary authors’ (AA and AW) progression through the curriculum, US training sessions occurred
approximately once every four to six weeks. There was a temporary pause in these sessions late in the second semester
and early in the third semester due to the COVID-19 pandemic; thus, the authors experienced less than ten of these
sessions each.

The initial teaching session, a large-group didactic, featured a brief review on US physics and image acquisition
followed by details about the basic cardiac views (PSLA, PSSA, apical 4-chamber, and subxiphoid). Each subsequent
teaching session focused on reviewing or learning a different US imaging technique, to include the Focused Assessment
in the Setting of Trauma (FAST) scan, assessing the abdominal aorta and IVC, as well as other basic POCUS techniques.
The teaching methodology for these sessions involved three components: review of background material at home on
anatomy and the standard orientation for that type of US scan (flipped classroom component), a 10-to-15-minute faculty-
led didactic lecture at the beginning of the session recapping the home study material, and approximately one hour in
a small group with 3 to 5 other students practicing US scanning of a standardized patient under supervision from
a physician or registered diagnostic medical sonographer (RDMS). Real-time feedback was provided on scanning
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technique by the instructor and students were surveyed to assess their confidence in learning; however, no formal
assessment of US knowledge or scanning technique was completed at the time we progressed through this curriculum.

Self-Study Learning Model

As part of the US SCP, the primary authors (AA and AW) were two of twelve students to participate in the first iteration
of a self-study learning model of US education during the summer between their first and second year of medical school.
This enrichment curriculum was developed by physician authors of this paper (DB and SJ). Though the planned
curriculum for the 2020 summer US experience was very similar to an accelerated version of that described in the
flipped classroom education model above, restrictions due to the COVID-19 pandemic necessitated significant revision.
Learners had completed approximately five flipped classroom sessions prior to the start of this curriculum. There was no
simultaneous overlap of the two curricula; however, following the completion of the self-study model, learners did
complete three additional flipped classroom sessions.

In the modified educational experience, students were each provided a personal portable US probe (Butterfly Probe;
Butterfly Network, Inc. Guilford, CT) for use with their school-issued digital tablet and access to a virtual curriculum
produced by EM Sono, LLC (Canton, OH). The virtual curriculum began with a detailed review of US physics including
the impact on images, then progressed to detailed lessons on scanning techniques. Each lesson on a scanning technique
featured video presentations on image acquisition and interpretation, followed by quiz questions accompanied by actual
POCUS US images. Each module with quizzes required approximately 90 minutes to complete. Immediately practicing
the technique covered in the modules was particularly helpful, though the time needed to gain a basic level of confidence
varied based on difficulty of the specific view, and decreased as we gained more experience.

Anatomy and pathology interpretation skills were targeted throughout the program. Students were expected to
practice obtaining correct images scanning themselves or a peer and submit best attempt samples of each image for
review and grading. In our experience, revisiting and practicing the scan several times after the initial learning session
was very helpful and easy to accommodate with access to the take-home probe. Following completion of the self-study
portion of the curriculum, COVID restrictions were temporarily relaxed and several voluntary small group sessions were

offered; students practiced real-time scanning with a ratio of 2 to 3 students per supervising physician.

Clinical Clerkships

In addition to the two formal preclinical education experiences described above, the primary authors (AA and AW) had
additional informal POCUS learning opportunities during third-year clinical clerkships. Students were able to sign out
portable ultrasound devices from the SOM for use with school-issued tablets when interesting scan opportunities arose in
appropriate clinical settings. Students were also able to utilize POCUS devices already at clinical sites when available.
Clerkships with the most frequent ultrasound utilization included surgery (FAST scan), OBGYN (assessing fetal position
as well as multiple intra-operative obstetric and gynecologic indications), internal medicine (central venous access and
arterial pressure monitoring line guidance), and emergency medicine (cardiac views, FAST scan, line placement
guidance). There was also the opportunity to review formal ultrasound imaging studies on most clinical rotations.
Monthly SCP student clinical case presentations enabled learners to reinforce scan interpretation and POCUS applica-
tions knowledge throughout their clinical clerkships. Lastly, the learners’ SCP fourth year culminated with a longitudinal
ultrasound scholarly project.

Discussion

We present our experiences from the curricula described above, as well as our suggestions based on these experiences for
improving future educational models. We have had significant discussion amongst the authors regarding advantages,
disadvantages, and overall utility of each learning experience and have captured what we attribute to each learning
experience in this discussion.
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Flipped Classroom Model

Direct instruction from faculty and experienced sonographers was the highlight of the flipped classroom US education model. As
content experts were well-versed in the subject material, faculty were frequently able to share pearls of wisdom and insight in
obtaining ideal images. Faculty were also able to quiz students on what image findings showed in real-time, which helped students
master the anatomy in a particular view and to consider clinical correlations to each scanning view. This insight was particularly
valuable when students already had baseline scanning skills. Faculty lectures were helpful primers prior to the scanning as they
synthesized background information from preparatory modules into the most relevant insights for obtaining images.

One notable limitation to this model was diminished “probe-in-hand” student scanning time. There was a limited
amount of time for each student to practice acquiring images. It is the authors’ first-hand perspective that navigating
the handheld US probe and directly observing changes in the optical window was the most valuable tool in learning
POCUS. It has also been well documented that learners demonstrate improved higher-order information retrieval
when they take charge of the educational process in a flipped classroom setting.'>'> Passive modes of information
delivery, such as traditional didactics, allow for less active involvement in the information retrieval process. Other
disadvantages to this model of education included a limited review of US physics and terminology prior to the first
scanning session, limited assessment of pathology, no formal assessment of student scanning, and difficulty tailoring
teaching to meet each student’s level.

Self-Study Learning Model
Advantages to the self-study US learning model included a detailed review on US physics and terminology, active assessment
of any pathological image features on quizzes, grading and feedback on the technical quality of acquired images, and the
ability to progress through modules and scanning practice at an ideal pace and schedule for each learner’s specific needs. Being
able to rewind, slow, and pause modules helped ensure learning goals were met. The self-study learning model has gained
notable popularity in recent educational practice.'®'® Access to a personal, portable POCUS device for practice at home
during the self-study learning model allowed students more hands-on time practicing image acquisition than did faculty-led
sessions, with the added benefit of initial practice occurring in a low-stress environment. In our experience, this helped to
established confidence with basic image acquisition skills and ensured time in faculty-led scanning sessions was optimized.
Drawbacks to the self-study learning model are inherent to decreased faculty interface. During online modules and
scanning practice at home, students are unable to ask faculty questions or receive feedback on scanning techniques, and
faculty insights into clinical correlations are lacking. Student access to US probes is also costly if devices are purchased
for every student. Furthermore, although a comprehensive virtual didactic module was presented on US physics and
terminology, there was no way to apply and practice these foundational principles prior to peer scanning on human tissue.

Clinical Clerkships

Each clerkship during third year had inherently different opportunities and settings to utilize POCUS; however,
several trends emerged across all clinical rotations. Most importantly, the completion of ultrasound preclinical
curricula prepared students to acquire valuable POCUS images in clinical settings and in turn positively impact
patient care. The opportunities to scan and directly acquire images were more helpful than passively observing
others acquire images. Access to a personal portable POCUS device was valuable for creating additional scanning
opportunities in settings which lacked dedicated ultrasound devices (eg, outpatient primary care offices and some
inpatient medicine and surgery wards). Paradoxically, personal portable devices were not as helpful at sites that
frequently utilize POCUS (OBGYN clinic, OB floor, and emergency trauma bay) as these high-use settings
frequently had a designated portable ultrasound unit of superior quality.

Curricula Suggestions
Based on our experiences with two different models of structured US curriculums, as well as our experiences with informal
POCUS training during clinical rotations (Figure 1), we propose the following tenets of UME US training curricula (Table 1).
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4 N
Flipped
Classroom

- Three preclincal semesters

- One large group didactic on US
physics and basic scanning

- Small group sessions involving
three components:

1. Prep-work anatomy
2. 10-15 min faculty didactic

3. 60 min scanning with 3-5
students per standardized patient

N J

Clinical
Experience

- Five semesters

- Students sign-out
probes for use on wards
(OB GYN, EM, Surgery)

4 N
Self-Directed
Learning

- Accelerated summer curriculum
- Each student provided US probe
- Virtual US curriculum

- Small group sessions with 60
min scanning; 2-3 students per
faculty

- Monthly student case
presentation

- )

Figure | Schematic representation of ultrasound educational curricula experienced by the authors. Flipped classroom and self-study learning activities were incorporated

into the training prior to having clinical experience applying US skills.

Begin the Curriculum with a Review of Ultrasound Physics, Then Incorporate Inanimate Object Scanning in

the First Training Session

One of the challenges we experienced early in the training program was visualizing how a physical object translated into an

acquired US image. Though this skill set eventually became second nature, the learning process would have been expedited if this

was recognized as an official learning objective. We feel that scanning inanimate objects (such as jello, chicken breasts, tofu, or

other US model simulators) during the first training session would be more valuable than trying to dive directly into obtaining US

Table | Five Proposed Tenets of Undergraduate Medical Education Ultrasound Curriculum

Tenets of Medical Student US Curriculum

Examples

I | Understand clinically relevant US physics and
tissue characteristics.

® Basic science physics module
® Scan inanimate objects

2 | Employ self-study modules.

® Normal anatomy images

® US pathology images

3 | Assure student direct access to ultrasound

probes for skill set development.

® Practice on self
® Practice on peers

4 | Participate in faculty-led scanning sessions.

® Fine-tune scanning skills

5 | Develop a standardized comprehensive

competency assessment.

® Competency objectives in obtaining pre-specified images

® Optimize image quality (modifying patient positioning and
probe settings gain, depth, scan mode)

® Real-time anatomy interpretation
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images on living human models. This may be less of a concern when dealing with resident physician US education; however, we
believe it should be a strong priority for preclinical medical students given they are less familiar with anatomy and medical
imaging interpretation.

Incorporate Self-Study Learning Modules with Active Learning of Normal and Pathological Image Findings
Both curricula utilized some degree of self-study modules. We feel this is a critical component of US education in
undergraduate medical education. The assessment of normal anatomy and pathological images in the modules is an

important form of active learning.

Allow Access to Ultrasound Probes for Students to Practice Without Faculty Supervision

Access to portable US probes to practice obtaining images in a relaxed format with peers proved invaluable for learning
probe repositioning and establishing confidence in basic image acquisition skills. Though hands-on assistance from
faculty is appreciated and necessary in the confines of a short faculty-led session, the skill of image acquisition can
ultimately only be obtained without hands-on assistance from others and may require more time than faculty appreciate
during the early learning stages. We encourage faculty to supervise and direct students without directly assisting in probe

manipulation as much as possible.

Integrate Both Voluntary and Mandatory Faculty-Led Sessions After Students Have Had Time to Practice
Acquiring Images

Faculty-led scanning sessions and expertise are tremendously valuable for students because of the expertise that faculty
have with the subject. We suggest these sessions be scheduled only after students have had time to practice scans
independently thereby optimizing faculty time to fine-tune existing student skills.

Develop a Standardized and Comprehensive Method to Assess Student Competence in Obtaining Ultrasound
Images
Though scans submitted as part of the self-study model were graded, and we completed modules assessing competence in
identifying pathological image findings on sample ultrasound scans, we did not receive a comprehensive formal assessment
of image acquisition skills in either curriculum. Indeed, such formal assessment of learner skills is an area that is lacking in
the literature. The clinical utility of UME US curricula has proven difficult to uniformly assess with standard US guidelines
or objective criteria, and often relies on post-instruction anatomy identification and survey data. Simulation-enhanced US
curriculum has demonstrated 83% of students can adequately obtain parasternal long axis (PSLA) and hepatorenal images in
an OSCE post-assessment.’ Efforts have been made to create validation tools for US competency. The Rapid Assessment of
Competency in Echocardiography Scale (RACE) was one such attempt and demonstrated good inter-rater reliability with
a significant ability to detect change in learner performance within the first 35 training sessions (P = 0.16).'%"
Developing a standardized assessment of UME learner US image acquisition and interpretation should be a high priority for
the US community to facilitate feedback and allow students to demonstrate competency. We advocate for a comprehensive
competency exam of a learner’s ability to acquire and interpret images in realtime. Specifically, this examination should include
competency objectives in obtaining pre-specified images (ex: FAST, cardiac views, etc), optimization of image quality
(modifying patient positioning and probe settings, gain, depth, scan mode, etc.), and real-time anatomy interpretation.

Conclusion

We recommend self-study learning modules combined with individual probes and peer scanning prior to faculty-led
scanning as an ideal model for UME US education curricula. Our proposed framework also addresses gaps in training
and features suggestions to increase student confidence with US image acquisition. Inanimate object scanning may be an
underutilized aspect of US education.
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