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ABSTRACT

Despite a large number of studies previously conducted on
educational concepts of ultrasound teaching in medical school,
various controversial issues remain. Currently, recommenda-
tions for ultrasound curricula that aim to standardize ultra-
sound teaching are frequently based on expert panel advice
instead of relying on valid evidence-based literature. In Decem-
ber 2022, a systematic literature review on the subject of un-
dergraduate ultrasound education was conducted. All ultra-
sound studies listed in the PubMed and Google Scholar medical
databases were filtered and analyzed with respect to various
aspects of their methodological conduct and curricularimple-
mentation. A total of 259 publications were considered in the
data synthesis, including 145 teaching studies in the field of
undergraduate ultrasound education. The latter encompassed
58 (40 %) studies that did not compare their ultrasound training
to a control group. Furthermore, 84 (58 %) of these studies did
not assess knowledge prior to the applied ultrasound training,
neglecting this factor’s potential influence on study outcomes.
Despite a great interest in the development and furtherimple-
mentation of ultrasound education during medical school, this
process is still compromised by significant deficiencies in stud-
ies that have been conducted in the past. In order to provide a
valid basis for curricular decisions, teaching studies should
fulfill essential methodological requirements despite the mul-
tifactorial framework in which they are conducted. In the fu-
ture, a guide for the design of ultrasound studies could be a
useful aid for ultrasound enthusiasts and promote scientific
knowledge gain.
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Introduction

The development of the concept of point-of-care ultrasound
(POCUS) has contributed immensely to ultrasound becoming a fun-
damental diagnostic tool for many disciplines. As a radiation-free
and noninvasive modality, ultrasound meets the ideal conditions
to provide medical students with the opportunity to practice a
commonly used clinical imaging tool during medical school. The
growing interest in ultrasound training during medical school is re-
flected by the increasing number of scientific publications on un-
dergraduate ultrasound education throughout the last 20 years [1].
Numerous studies with different training approaches investigating
teaching contents, the use of different ultrasound devices, and di-
dactic tools have been conducted and published around the world.
With increasing training opportunities in ultrasound education at
both undergraduate and postgraduate levels, the growing number
of program concepts is very heterogeneous in terms of curricular
structure, content, and didactic approaches [2-4]. In order to
achieve a broad impact through ultrasound training and to raise
the minimum level of competency for students at the end of their
studies, the standardization of ultrasound training using structured
curricula could resolve current major discrepancies [5]. With regard
to this objective, several recommendations have been published
by international expert panels and ultrasound societies. Both the
European and World Federation of Societies for Ultrasound in Med-
icine and Biology (EFSUMB, WFUMB) recommend the vertical im-
plementation of ultrasound in medical studies, starting as an inte-
grated componentin preclinical basic sciences and increasingly in-
cluding clinical aspects from the very beginning until the end of
medical school [5, 6]. In order to contribute to a more consistent
ultrasound education, both societies published instructions on how
to develop, establish, and evaluate an ultrasound curriculum. By
founding a student committee, organizing student congresses dur-
ing the annual EUROSON congresses, and providing free online re-
sources for student ultrasound training, the EFSUMB created cru-
cial resources that local universities and educational institutions
candraw on [6]. As also stated in the consensus conference recom-
mendations of the Society of Ultrasound in Medical Education
(SUSME) and the World Interactive Network Focused on Critical Ul-
trasound (WINFOCUS), it is noticeable that most recommendations
regarding ultrasound education are solely based on consensus de-
cisions by expert panels, since - despite the high volume of publi-
cations - only a few studies have used a sufficient methodology to
draw valid conclusions [1]. Altogether, it seems paradoxical thatin
a highly dynamic field in terms of conducted and published stud-
ies, recommendations still rely on eminence rather than evidence.
Consequently, it is necessary to investigate which methodological
requirements teaching studies should fulfill and which of these are
currently already implemented.

Objectives

In assessing the quality of the study implementation, it is impor-
tant to analyze which study design was chosen and whether a con-
trol group would be necessary. In addition, the curricular frame-
work into which ultrasound training is embedded (such as elective,
mandatory, or extracurricular courses) should be considered as the

context of the teaching situation. As the final evaluation of the ul-
trasound course’s teaching intervention, an appropriate assess-
ment is important to measure the extent to which the objectives
of the ultrasound course were met [7].

Aiming to provide an overview of the methodological quality of
current studies on ultrasound education in the following system-
atic literature review and subsequent analysis, the PICOS scheme
was used to define characteristics that publications should meet
forinclusion in the literature selection [8] (> Table 1).

Materials and Methods

Search strategy

The medical databases PubMed and Google Scholar were searched
for relevant publications on undergraduate ultrasound education
during December 2022. All ultrasound studies published by De-
cember 18, 2022 were taken into account.

The search was filtered for relevant results using different com-
binations of the keywords [ultrasound] plus [undergraduate], [di-
dactics], [teaching], [curriculum], [medical student] and [educa-
tion]. First, publications were selected which, according to their
title, promised to contain information about the relevant topic.
Then, those publications’ abstracts were reviewed by two authors
(R.N. and F.R.) and checked for compliance with the inclusion cri-
teria. Any discrepancies between the authors regarding inclusion
were resolved by direct discussion. After removal of duplicates, full-
text versions of the initially included publications were obtained,
read, and analyzed for data extraction. In the course of the system-
atic literature search, we followed the updated PRISMA statement
for reporting systematic reviews and meta-analyses of studies
[8,9].

Inclusion and exclusion criteria

All publications with content related to ultrasound education of
medical students, including ultrasound studies or reports of con-
ducted studies, reports of ultrasound curricula, surveys, recom-
mendations and guidelines, systematic and non-systematic litera-
ture reviews, and statements in the form of editorials or letters to
the editor were included. In this way, we strived to get the best pos-
sible impression of the current situation, research questions, and
potential issues of ultrasound education studies. Due to different
educational structures, we limited this literature review to medical
students. Unfortunately, we had to exclude a few publications due
to the lack of accessibility of their full text versions despite contact-
ing the authors. Furthermore, we could only consider literature en-
tries written in English or German language.

Data extraction and analysis

Allincluded studies that examined ultrasound teaching interven-
tions were analyzed for their study characteristics using the PICOS
scheme, as well as further parameters which were related to the
course structure and curricular integration of the ultrasound inter-
vention. For this purpose, the ultrasound training’s timing (preclin-
ical or clinical) and form (mandatory, elective, or extracurricular)
of curricular integration were examined. Furthermore, the type of
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> Table 1 Study characteristics for included studies according to
PICOS.

Participants Medical students

Intervention Ultrasound education

Comparator Different approaches and ideas

Outcomes Didactic approaches, integration of ultrasound
curricula in preclinical and clinical years,
assessment and evaluation methods, assessment
of long-term retention

Study design Original studies, reports on prospective and

retrospective studies, interventional studies,
observational studies, and cross-sectional studies

instructors that were involved was investigated, differentiating be-
tween postgraduate faculty, near-peer and peer tutors. Finally, it
was checked whether any form of assessment quantifying and eval-
uating the effect achieved by the ultrasound training was applied,
both shortly after the intervention and with regards to long-term
maintenance of the acquired skills. As an easily applied taxonomy,
Kirkpatrick’s Four Levels [10] for evaluation of training was used to
provide a structured overview despite the wide variety of methods
for measuring training effects. In his work, Kirkpatrick has defined
four different assessment levels in training program evaluation,
which reflect increasing training program evaluation quality as the
level increases (see > Fig. 1). The first stage (as the lowest level) in-
volves recording the participants’ reaction to the training program.
In this regard, the general satisfaction of the participants with the
planning and implementation of the program can be surveyed. Pro-
grams reach the next evaluation level when verifying the extent to
which the training has achieved learning success among partici-
pants in accordance with the learning objectives previously set.
Even though incorporation of a pre-assessment and a control group
are parts of Kirkpatrick’s recommendations, it was not included as
a mandatory requirement in this level assignment following Kirk-
patrick’s levels. Nonetheless, in order to take these differences into
account, these aspects were still examined individually. Kirkpatrick
Level 3 is devoted to potential changes in student behavior or as-
sociated skills. Regarding student ultrasound teaching, studies
might examine an ultrasound course’s effect on transfer skills such
as understanding of human anatomy and physical examination
[11]. At the highest level, the results of a training program are ex-
amined on a larger scale, e. g., by investigating the long-term ef-
fectiveness or the overarching question regarding the extent to
which a certain ultrasound teaching approach does in fact benefit
the students’ future capabilities of clinical ultrasound application
and thereby improve patient care. Other factors, such as potential
costs of the program in terms of funding, time, personnel resourc-
es should also be considered.

All statistical analyses (descriptive statistics) were performed in
the factory version of Microsoft Excel for Mac (Version 16.77.1. Mi-
crosoft Corporation, Redmond, Washington, USA) without further
add-ins.

Database results for
search terms (n=3356)

o l vy
s N\
Relevant records Automtically detected
identified by title |l and removed duplicates
(n=690) before screening
\_ ) Y (n=379) )
': l ™~ 4 N
Reviewed abstracts Excluded records based
(n=311) on abstracts (n=16)

AN J . J
' l N )
Abstracts from which Records with no full text
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(n=295) (n=14)
\ J N J

.
'd N / \

Reviewed full text

. o
copies (n=281) Excluded full text
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Finally included records the inclusion criteria
(n=259) in the literature (n=15)

review l \ /

Ultrasound studies
(n=145) included in the
quantitative analysis

¥,

> Fig. 1 Literature selection process.

Results

Search results

The literature search revealed 3356 records; 690 of these were rel-
evant as identified by title. After further exclusion of duplicates
(n=379), records with inappropriate abstract content (n=16), pub-
lications with no full text version available (n=14), and records that
turned out to be duplicates or non-compliant with the inclusion
criteria after full text review (n=22), a total of 259 publications
dedicated to ultrasound education of medical students resulted
from the overall literature search (see » Fig. 2). While 115 out of
259 publications did not feature original study data but recommen-
dations, guidelines, surveys, and more (see » Fig. 3), 144 literature
entries of those 259 represented 145 original studies (one publi-
cation included two studies conducted by Cawthorn et al. [12]).
The original studies incorporated a huge variety of different course
concepts examined regarding different didactic approaches, of dis-
cussed ultrasound examinations and pathologies, of professional
levels of the course instructors involved, and several curricular for-
mats of ultrasound training programs. An overview of all studies
andthe collected parameters can be found in supplementary tab. 1.
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Cost-benefit-analysis, final conclusions

Evaluation of related skills and long-term retention

Written exams, performance tests, self-assessments

> Fig. 2 Kirkpatrick’s Four Levels for Evaluating Training Programs.
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» Fig. 3 Number of included studies by type of publication.

Study design and control of the educational
intervention

Analysis of the included studies revealed that 92 (64 %) of them did
not clearly specify their study type for publication (see » Fig. 4). As
such we considered publications that either did not address their
study design at all or were incomplete (by e. g., only stating that
the study was prospectively conducted, a proof-of-concept, pilot,
or feasibility study). » Fig. 4 illustrates the distribution of the dif-
ferent study types used. All studies classified as such or as a sub-
group including case control, cross-sectional, and prospective co-
hort studies fell under the category “prospective observational
studies” [13]. The category “other prospective interventional stud-
ies” included those that declared themselves as such or as quasi-ex-
perimental studies. As most informed readers might also be capa-
ble of inferring the study design from the process description (e. g.,
whether a study was conducted prospectively or retrospectively),
these inferences were also included in the first sub-column of the

Evaluation forms (Likert-Scales, open surveys)

What study designs were used?

3

= Study type was not sufficiently specified. = Retrospective Studies
Randomized-controlled trials Non-randomized controlled trials

u Prospective observational studies u Other prospective interventional studies

> Fig. 4 Distribution of different study designs if indicated. Most
studies did not sufficiently specify their formal study format, possibly
due to difficulties of transferring the educational setting into a rigid
framework.

characteristic “Study type” within the list of studies (see supple-
mentary tab. 1), regardless of whether the study type was explic-
itly stated in the respective publication or not.

By choosing a certain type of study, investigators also determine
whether the investigated intervention is to be compared with a
(non-interventional or interventional) control. Among the studies
we examined, 58 (40 %) compared theirintervention with a control
group (see > Fig. 5).

Curricular integration — mandatory, elective, or
extracurricular course?

With a total of 70 out of 145 (48 %) investigations, the highest pro-
portion of studies examined ultrasound training within mandatory
courses (although itis important to distinguish between the man-
datory course completion setting and the voluntary participation
in the data collection of the study). This was followed by studies of-
fering ultrasound training as electives (24 %) or extracurricular
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Did the study design include a control group?

87

m control group no control group

> Fig. 5 Distribution of studies regarding the inclusion of a control
group.

Curricular Integration

32

y
b

35

® Mandatory — m Elective Extracurricular event  m Not specified

» Fig. 6 Form of curricular integration of ultrasound training. As the
setting of the educational intervention influences its outcome based

on different levels of motivation, studies should clarify the curricular

framework.

courses (5%), as a facultative option for students to deepen their
individual interests. Among the studies reviewed, 32 (22 %) stud-
ies did not report how ultrasound training was embedded in the
students’ curriculum (see » Fig. 6).

Evaluation of educational approaches and the
assessment of their effects

Two of the reviewed studies did not report any evaluation of their
ultrasound training outcome. 23 (16 %) studies performed an eval-
uation regarding the students " satisfaction with the delivery and
approach of ultrasound training alone. Seven (5 %) studies conduct-
ed a measurement of potentially improved secondary skills in re-
action to the ultrasound training. Most studies (78 %) examined
theirintervention’s effect with regard to acquired knowledge, skills,
and/or changes in students’ personal attitudes towards ultrasound.
For this purpose, in addition to self-assessment queries, direct feed-
back by the instructors, written tests such as multiple-choice ques-
tionnaires, and practical tests, e. g., in the form of Objective Struc-
tured Clinical Examinations (OSCE), were performed. Furthermore,
in some studies a quality review of acquired ultrasound images, for
example according to the Brightness mode quality ultrasound im-
aging examination technique (B-QUIET), was part of the assess-
ment. The number of studies that used each measurement tool is
shown in » Fig. 7. » Fig. 8 illustrates the training evaluation meth-
od-dependent quality level of all studies according to Kirkpatrick’s

Four Levels. 19 studies investigated the maintenance of skills after
a predefined time interval (study-specific time intervals are listed
in supplementary tab. 1).

Out of a total of 61 (42 %) studies that conducted some form of
pre-interventional testing, it was based on self-assessing preexist-
ing knowledge in seven (11 %) studies. At 13 %, a comparable pro-
portion of the post-interventional assessments conducted were
also exclusively based on subjective parameters like self-perceived
skillimprovement (see » Fig. 9).

Discussion

This systematic literature review analyzed ultrasound training stud-
ies published by December 18, 2022 and listed in PubMed or Google
Scholar with the aim of identifying strengths and weaknesses in the
design and methodology of current ultrasound education studies.

While ultrasound enthusiasts and medical educators intensive-
ly deal with the question of how medical teaching can be best ex-
amined and improved on the basis of the most valid scientific evi-
dence possible, there is still fundamental controversy regarding
whether and how didactic interventions can be investigated and
improved by the outcomes of medical study formats: To what ex-
tent can study formats - as we know them from medical research
- accurately represent the multifactorial nature of student learn-
ing [14-16]. A common way to determine the benefit of a teach-
ing program is measuring its effectiveness with respect to achiev-
ing predefined learning objectives by assuming a linear correlation
between the training as a cause and the acquired skills as a subse-
quent effect [15]. However, ultrasound education takes place in a
complex framework of social structures embedded in a diverse cur-
riculum. Furthermore, each student s learning process is influ-
enced by individual experiences, interests, and learning style [17].
The high number of studies in our analysis that did not define and
state their study design within their publication shows this difficul-
ty of compressing ultrasound courses into conventional study
types. Nevertheless, defining the study design is an important step
in study conceptualization to set the framework for an accurate
methodological approach and for recipients in order to properly
evaluate the validity of its results [18]. After all, it is feasible to
achieve a pragmatic compromise between the claims of evi-
dence-generating, stringent research and real-world teaching, par-
ticularly by eliminating common confounders via appropriate
measures. Especially in elective settings, the randomization of stu-
dents into an experimental and a control group as well as the re-
peated investigation of ultrasound training with different student
cohorts and subsequent subgroup analyses could reduce the im-
pact of potential misleading influences. Within all studies exam-
ined by this systematic literature review, only 87 studies (60 %) in-
volved a control group, stating that in the remaining 40 % there is
no certainty that the learning outcome is caused by the examined
teaching intervention and did not benefit from parallel courses or
previous skills.

Furthermore, regarding the transferability of educational con-
cepts to other teaching sites, the context in which the original study
was conducted plays animportant role [19]. A simple and applica-
ble means of understanding the context in which ultrasound train-
ing took place in medical school is the type of curricular integration
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& Thieme

How have training effects been assessed?

Pre-test 84 24 0 51 81

Post-test 18 44 74 62 10

Knowledge- & Skill-Retention 126 16 6
No Assessment Self-assessment ® Faculty feedback

Theoretic assessment = Practical assessment ~ Image evaluation

> Fig. 7 Assessment time and modality in ultrasound education (total number may exceed 145, as some training programs also used a combina-
tion of different methods). Although ultrasound is a competence taught on a multidisciplinary basis with a flat learning curve, preexisting skills and
their long-term retention were not tested. It is remarkable that despite ultrasound being a practical skill, theoretical assessment techniques are used
more frequently.

Classification of analyzed ultrasound teaching studies in
Kirkpatrick’s four levels of evaluation

4: Analysis on further impact, e.g. on patient care = o

3: Measurement of changes in ultrasound-related skills and
knowledge

2: Assessment of ultrasound knowledge, skills or attitudes |GG 113

1

1: Program evaluation pum—u_u 23
no program evaluation described | 2

0 20 40 60 80 100 120

= Number of ultrasound training studies

> Fig. 8 What Kirkpatrick level was reached by the ultrasound studies through assessment and evaluation?
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(which may include curricular integration as part of the mandatory
curriculum, as an elective or extracurricular event). Especially in a
time-dense setting such as medical school, student motivation is
higher for self-selected study content than for mandatory courses
in the curriculum. Previous publications have underlined the sig-
nificant influence of the form of implementation on student moti-
vation [20] which subsequently has a strong impact on their indi-
vidual learning outcome. Thus, the results of studies conducted as part
of electives or voluntary extracurricular events are expected to be
more positive than those that took place in the ordinary course of
study [20]. Unfortunately, the curricular integration background was
not reported by more than a fifth of the examined studies.
Assessment of the learning outcome is an important tool of eval-
uation to determine the effectiveness of applied didactic methods.
Therefore, the choice of appropriate assessment tools suitable for
the previously set learning objectives and instructional methods is
crucial [7]. Particularly in ultrasound, which is used and taught with-
in many disciplines in a variety of ways and where students’ prior
experience levels often differ greatly, it is essential to differentiate
between preexisting and newly acquired ultrasound skills. In our
analysis, less than half of all studies applied a baseline assessment
prior to the ultrasound course (see » Fig. 9). Out of these, seven
(5 %) studies exclusively relied on students’ self-assessment and did
not include any objective examination of prior knowledge. A fur-
ther 16 (11 %) studies solely based their conclusions on the stu-
dents’ subjectively self-perceived change in ultrasound skills in the
post-interventional assessment. The bias susceptibility of this met-
ric is evident. In a comparison of students’ self-perceived ultra-
sound skills with the level of skills objectively observed by instruc-
tors, Steinmetz et al. showed that, on average, students rated their
ultrasound skills 68 % better than they actually performed [21]. This
may be influenced by the students’ own perceptions of how much
time and learning effort they have personally invested during the
course [7]. However, these investigations show how much the re-
sults of ultrasound training studies can be distorted by missing ob-
jective parameters [22]. Still, as ultrasound is a practical skill, whose
quality of application and interpretation strongly influences patient

care [23], itisimportant to assure certain levels of competence by
the use of objective parameters when evaluating ultrasound train-
ing interventions. By categorizing all analyzed studies according to
Kirkpatrick levels [10], we identified 23 teaching studies that evaluat-
ed theirimplementation using feedback forms only (see » Fig. 8). In
addition to self-assessment, collecting the students’ perspective
in the form of an evaluation of planning and implementation offers
significant opportunities for the further development of the train-
ing format, but should not be the only indicator for evaluating a
training format. In accordance with this, the majority of studies ad-
ditionally assessed the feasibility and effectiveness of their ap-
proach by measuring effect parameters through various metrics
and assessment tools (see > Fig. 7). One aspect that has been lit-
tle studied to date is how previously taught ultrasound skills can be
reinforced during the course of medical school and when refresher
training would be useful to maintain them [24, 25]. In our analysis,
19 (13 %) studies investigated the retention of knowledge and/or
skills after different time intervals (see supplementary table 1).
In curricular planning, this data is helpful to introduce and reinforce
ultrasound training at the right time in the curriculum.

Without questioning the fact itself, the landscape of ultrasound
education studies is repetitive in drawing the conclusion that ultra-
sound teaching is positively received by students and that hands-
on teaching helps students to improve their ultrasound skills [24].
Consistent with the findings of Davis et al., in our analysis, the num-
ber of ultrasound studies that reports broader effects of ultrasound
teaching on secondary skills and behaviors (Kirkpatrick Level 3),
postgraduate residency, and clinical patient care (Kirkpatrick Level
4) represents a vanishing minority (see > Fig. 8) [24, 26]. Since the
clinical benefits of ultrasound are undeniable, it seems intuitive
that early and longitudinal teaching as recommended by EFSUMB
and WFSUMB will predominantly have positive effects. Neverthe-
less, the optimal format and way of curricularimplementation has
yet to be defined. Both societies (EFSUMB and WFSUMB) offer a
broad range of resources in order to promote student ultrasound
education, including student committees congresses, guidelines
on how to bestimplement undergraduate ultrasound training, and

Objective and subjective measuring of ultrasound training effects
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16

Post-test

m Assessments including objective parameters

> Fig. 9 Objectivity of assessment modalities. Purely subjective test procedures can be positively biased. At the same time, a realistic self-evaluation
of individual expertise and its limitations is a core competence of a physician and should also be strengthened in ultrasound studies.
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free e-learning materials for courses and self-directed practice
[5,6,27]. Furthermore, the EFSUMB even established a student
committee led by medical students. Regarding ultrasound training
studies, the Educational and Professional Standard Committee
(EPSC) of the EFSUMB pursues the task of reviewing studies and re-
porting experiences in student ultrasound training [6]. All of these
efforts are in line with the purpose of this systematic literature re-
view that pursued the extraction of key learnings from all previous
literature on ultrasound education to shape future research with
the ultimate goal of optimizing student ultrasound training. The
learnings from this systematic literature review culminate in the
proposal of five basic principles which educators should consider
when conducting ultrasound training studies, in order to avoid fu-
ture unnecessary duplication of feasibility studies and to maximize
the validity and informative value of study results:

1. Define the methodological approach of the study.

2. Use a control group to compare the effectiveness of the train-
ing intervention with the previous established way of teaching
ultrasound.

3. Describe the educational setting and curricular integration of
the training intervention into the existing curriculum.

4, Prefer structured, objective, and practical examination tools
to assess the achievement of learning objectives over self-as-
sessment and training implementation evaluation only.

5. Evaluate long-term effects of the ultrasound training.

Building on these five core principles, the development of guide-
lines for the design and conduction of ultrasound training studies
could provide standardization and a foundation for higher-level sci-
entific evidence to finally answer open questions in ultrasound ed-
ucation. Meta-analyses of those studies would then allow inference
of trends that could provide information moving from a general
'[...] “what works ~ towards what works for whom” [14] and under
which circumstances [28], and thus be an important aid to educa-
tors worldwide in the development and implementation of optimal
ultrasound teaching.

Limitations

This review has certain limitations. In general, when conducting a
literature search, despite a careful review, there is a risk of missing
relevant articles and thus not including them in the data synthesis.
Certainly, this risk is compounded by the fact that only the data-
bases PubMed and Google Scholar were searched. Considering the
dynamic study situation, further teaching studies on the topic of
undergraduate ultrasound training may have been published be-
tween the literature search and the publication of this paper. In the
comparative analysis of the approaches to ultrasound teaching, it
must also be noted that the studies were carried out at very differ-
ent times and places. The curricular integration of ultrasound
teaching has evolved greatly over the years and continues to do so
globally. Depending on the local level of previous ultrasound train-
ing, the studies target different outcome parameters. The investi-
gation of the didactic implementation of ultrasound itself clearly
requires a different methodology than a study merely examining
innovative teaching concepts of an already established learning
tool. This limits the comparability of the studies with each other
and makes it difficult to draw general conclusions. In addition, the

various subspecialties of ultrasound applications can place very dif-
ferent demands on the learner. Depending on the type of ultra-
sound, certain didactic approaches may be more effective than
others [29], making it necessary to differentiate the studies into
subgroups for a qualitative review.

Conclusion

The review of current literature on undergraduate ultrasound ed-
ucation revealed several deficiencies in the methodological con-
duct of ultrasound training studies. In order to build valid evidence,
studies should meet certain minimal standards that protect their
results from being biased by confounding factors. From now on,
rather than producing duplicate studies on the overall feasibility of
ultrasound teaching, specific questions should be addressed that
could add value for students, universities, and ultrasound societies,
such as the timing and form of curricular integration of ultrasound
teaching, how acquired skills can be maintained and reinforced, as
well as the impact of ultrasound teaching on other skills, residency
training, and patient care on a larger scale. This review aims to draw
attention to the low methodological quality of many studies in un-
dergraduate ultrasound education. Starting with five fundamental
principles, it aims to build a foundation for further recommenda-
tions on the conduction of educational studies regarding the ac-
quisition of practical skills in medical school.
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