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Abstract

Introduction Focused Cardiac Ultrasound (FOCUS) is an essential tool for rapid cardiac assessment across various
clinical subspecialties. Consequently, teaching foundational FOCUS skills is of critical importance. This study
investigates the effectiveness of e-learning in imparting FOCUS skills.

Materials and methods This prospective, controlled study assessed competency development among medical
students attending a FOCUS workshop (study group) at two time points: T1 (pre-training) and T2 (post-training, after
completing e-learning). The competence gain of the group was compared to a reference group (control group) of
physicians who had also used the e-learning in preparation for a certified FOCUS workshop. Objective competencies
were measured at both time points using short-answer and multiple-choice theory tests. Subjective self-assessments
of competencies and opinions of the e-learning were investigated through evaluation forms at T2 using a 7-point
Likert scale (1 =strongly disagree, 7 =strongly agree). Demographic information was collected at T1, and user
behaviour during e-learning was assessed at T2. Primary endpoints were the increase in theoretical competencies
(study group) and the comparison of subjective and objective competency levels (study vs. reference).

Results A total of 104 participants (study group =48; reference group=56) were included. The study group

exhibited a significant (p <0.001) increase in theoretical competencies. However, at T2 the reference group achieved
significantly higher theoretical test scores (p <0.001). One influencing factor was previous practical experience
(p=0.02), which was significantly higher in the reference group (p <0.001). Both groups estimated their competency
at the end of preparation to be at similar levels (4.3 +0.9 scalepoints [SP] versus 4.3+ 1.0 SP; p=0.94). Evaluation results
of the e-learning were positive in both groups (5.8+0.9 SP versus 6.2+ 0.7 SP; p=0.04), with results in the reference
group being significantly higher.

Conclusion Both the improvement in competencies and the positive reception of digital learning media should
encourage the increased implementation of e-learning formats. This study shows that such formats in ultrasound
training can effectively complement face-to-face workshops and should be included in certified training curricula.
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Introduction

Digitalisation in sonography training

Digital media and training have profoundly changed
medical education [1]. Clinical training now often
involves the use of web-based learning platforms or soft-
ware [1, 2], and digital media is used increasingly widely
in clinical settings or for educational purposes [3]. The
COVID-19 pandemic further reinforced this develop-
ment [4-7]. With in-person lectures almost impossible,
online formats became vital to ongoing teaching and
learning provision, thereby increasing awareness and
use of innovative digital teaching methods and media [5,
7-9].

Accordingly, ultrasound teaching increasingly uses a
combination of digital and in-person education models
(so-called “blended learning”), which are currently being
developed and further assessed in research [10-14].
Along with traditional educational media (e.g. books,
scripts, slides) and teaching methods (e.g. in-person
lectures, small group in-person courses), new “blended
learning” models also incorporate digital educational
media (such as e-learning) and teaching methods (such
as video-based education, tele-education, and webi-
nars) in instruction [1, 12-19]. Present studies suggest
that digital educational media and teaching methods are
positively received by learners and can effectively aid and
complement training and competency development [1, 3,
8,13, 14, 17, 20].

E-learning, defined as the use of digital media for
educational purposes [5], has broadened the range of
teaching methods available not only in general medical
training, but in the teaching of ultrasound in particular
[1-3, 8, 10, 14, 17, 20]. E-learning can take many vary-
ing forms, from videos of lectures to small-group teach-
ing videos, and from digital reference works, pictorial or
video atlases, e-books, and animated 3D models, to fully
interactive online courses that combine several or all of
these media [1, 3, 5, 7, 8, 14, 17]. Therefore, it is unsur-
prising that existing e-learning concepts in medical edu-
cational research vary immensely regarding structure,
duration, and quality of educational offerings [2, 3, 10,
17]. As a result, recommendations such as the World
Interactive Network Focused on Critical Ultrasound
(WINFOCUS) or other recommendations for the imple-
mentation of e-learning in sonography training empha-
sise structured competency-based training and are often
the basis for many sonography training programmes
worldwide [21-23]. In this context, e-learning can sup-
port theoretical and practical competency develop-
ment [2, 13, 24—34]. This development has already been

evidenced in the teaching of abdominal ultrasound [14,
18, 19], MSK sonography [35], head and neck ultrasound
[31-33], and emergency ultrasound [2, 34, 36].

Blended learning and e-learning courses have also been
used to teach Focused Cardiac Ultrasound (FOCUS) [2,
25, 27-30, 37, 38]. These digital methods have been used
to impart theoretical competencies like cardiac anatomy
and physiology, to promote the acquisition of practical
competencies, and to deepen and revise newly learned
course content [25, 30, 39].

Physicians often use FOCUS in clinical settings, espe-
cially when making case-specific clinical decisions or in
emergencies [40, 41]. Early training in FOCUS is there-
fore important, as it provides foundational knowledge of
cardiac anatomy and sonography, reinforces anatomical
and sonographic skills through interactive content, and
preparing students effectively for their future clinical
work [28, 30].

For ultrasonography in general and FOCUS in par-
ticular, an understanding of anatomical spatial relation-
ships, the precise handling or movement of the probe,
and visual-spatial ability are important skills [42—45]. The
development of these and other competencies is often
supported by in-person instruction and guidance by pro-
fessionals during courses. Nevertheless, pre-course prep-
aration can improve course competency gain by making
the most effective and efficient use of the in-person
course time [20, 30]. Specifically, beginners can benefit
from high-quality e-learning to learn the basics of com-
plex cardiovascular imaging before a FOCUS course [20,
30, 41].

Research problem and aim

While specialist societies and panels of experts have
promoted e-learning and increasingly integrated it into
the teaching of sonography, there are no shared quality
standards, accreditation methods, or formal certifica-
tion processes for e-learning formats [10, 20, 41]. More
evidence regarding the effective use of e-learning should
suggest ways of achieving this formalisation of e-learning
instruction [10], particularly for the teaching of FOCUS
[39]. Although previous studies have explored the effec-
tiveness and acceptance of e-learning among different
user groups, such as students and physicians, usually
this has been done in isolation, comparing only one user
group with a non-intervention control group [2, 9, 24,
25, 28, 30, 37, 41, 46, 47]. To our knowledge, no exist-
ing study compares the competencies and perceptions of
both students and physicians learning FOCUS through
the same e-learning platform. Due to their different levels
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of previous exposure to echocardiography, it was decided
to include medical students and physicians as a partici-
pant in the study. For medical students, FOCUS training
provides an opportunity to acquire theoretical knowl-
edge and basic skills in echocardiography;, filling a gap in
traditional curricula and preparing them for later, more
advanced training. Physicians, with their clinical expe-
rience, provide a meaningful reference group to assess
the effectiveness of e-learning in both novice and expe-
rienced learners and to identify areas for optimization.
Unlike previous studies that have focused solely on either
medical students or practicing physicians [2, 9, 24, 25,
28, 30, 37, 41, 46, 47], our study compares both groups
to explore how prior clinical experience affects the effec-
tiveness of e-learning in FOCUS training. This compari-
son will provide insight into whether e-learning is equally
effective for learners with different levels of clinical expo-
sure. Our study addresses this gap by comparing compe-
tency development through e-learning between students
and physicians, using the latter as a reference for skill
acquisition.

The primary aim of this study was to investigate the
effectiveness of e-learning as a preparatory tool for
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a FOCUS course, specifically in enhancing theoreti-
cal knowledge acquisition among medical students. To
contextualize competency gain across different levels of
clinical experience, a group of physicians served as a ref-
erence (control) group. By comparing both groups, the
study explores how well e-learning supports learners with
varying baseline competencies in preparing for a struc-
tured ultrasound training. Secondary aims of the study
are to evaluate the quality of FOCUS-specific e-learning
and the general acceptance of e-learning in sonography
education. The results offer valuable evidence to support
the development of digital teaching and optimise future
teaching concepts.

Materials and methodology

Study design, participant (recruitment) and study
procedure

This prospective, controlled observational trial (Fig. 1)
was conducted from 2022 to 2023 [48]. The aim was to
investigate the effectiveness of an e-learning-assisted
preparation period before an in-person FOCUS work-
shop. We recruited medical students during their clini-
cal years (study group) to participate in a voluntary
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Fig. 1 Chronological representation of the whole study development and procedure including time for data collection. After the study and the training
program were designed (a), participants were recruited (b) to take part in the study through the workshop (c), * Reference group did not complete the

T1 theory test
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extracurricular workshop called “Focused Cardiac Ultra-
sound (FOCUS)” [45]. A second group of physicians
participating in a certified workshop were recruited as
controls (reference group) [49]. Blended learning served
as the didactic approach for this workshop [50]. Partici-
pants were recruited via official email invitations: the
study group through a mailing list from the university’s
Office for Student Affairs, and the reference group via
the portal of a specialist society. Both groups received
full access to the e-learning module, which they were
expected to complete before the FOCUS workshop.
Data was collected over the duration of 4 workshops (2
for students and 2 for physicians). At two different times
(T1 (pre)=before the commencement of the workshop;
T2 (post)=after the preparation period but before the
in-person workshop), we collected written and digital
evaluation forms from the groups (evaluation,,, evalu-
ation) to register demographic backgrounds and user
behaviour. Additionally we carried out two theory tests
(study group: theory,,, theory,., and reference group:
theory,,) to analyse the effectiveness of the e-learning
[51, 52]. The physicians in the reference group did not
complete the theory,,,, as they were experienced profes-
sionals already familiar with ultrasound examinations,
to minimise potential bias. The theory,,, was used for
evaluation purposes only and was not a prerequisite for
participation in the workshop. Data collection was com-
pleted prior to the practical phase of the workshop. Inclu-
sion criteria for participants were successful completion
of the first state examination, usage of educational mate-
rials, and full participation in evaluations and tests. Pri-
mary endpoints were defined as an objective increase in
theoretical competencies (study group), and subjective
and objective level of competency (study versus refer-
ence group) surveyed in the evaluations and theory-tests,
respectively. Secondary endpoints were defined as the
evaluation of the e-learning and assessed acceptance,
assessed by evaluations.

Process of the preparation period for the workshop

As typical in blended-learning teaching approaches, the
workshop was split into a pre-course phase (a digital
introduction and self-guided preparation with the edu-
cational medium), a course phase (in-person theoretical
and practical training), and a post-course phase (a self-
guided wrap-up) [50, 53]. The data collection times can
be found in the study design and Fig. 1.

After registration for the workshop and one introduc-
tory plenary session (T1) participants of the study group
received access to the e-learning and instructions on how
to complete the digital tasks. Participants were given one
to two weeks for digital preparation.

In parallel, the reference group also received access to
the same e-learning content and a detailed preparation
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guide upon registration and digital completion of T1.
Their preparation period varied from two weeks to up to
four months, depending on the registration date. To sus-
tain the motivation for the e-learning, reminder emails
were sent throughout the preparation phase.

At the beginning of the in-person workshops both
groups completed T2 [51].

Subsequently, theoretical and practical teaching ses-
sions were conducted in small groups of 4-5 partici-
pants, each supervised by an experienced instructor.
Practical sessions involved hands-on training with stan-
dardized patient models, focusing on probe positioning,
image acquisition, and interpretation. Participants had
continued access to the e-learning module throughout
the study period, including after the initial pre-workshop
phase, allowing for further self-guided revision.

The workshop consisted of 16 teaching units of 45 min
based on pre-existing concepts [21, 45, 49]. Fundamental
were the section planes proposed by the WINFOCUS for
transthoracic ultrasound [22]. Data was collected until
the end of the preparation period, i.e., the beginning of
the workshop.

Structure of the FOCUS E-learning

To align with the defined learning goals of the course
concept [21, 45, 49] and the recommendations of special-
ist societies [21, 22, 54], the e-learning was designed by
ultrasound experts, didactics, and qualified I'T specialists.
The design of the e-learning was driven by the need to
ensure content of high quality, specifically aligned with
the course objectives and informed by established best
practices in the field. The development and implementa-
tion of the e-learning followed the waterfall model, sys-
tematically refining the project through sequential phases
to ensure thorough updates at each stage [55]. The struc-
ture of the e-learning course can be found in Supplement
1 and exemplary extracts are provided in Supplements 2—
3. The web-based e-learning was accessed via an internet
browser. Like the subsequent course, the e-learning was
conducted in German. It was structured into two parts:
‘basics; covering ultrasound physics, image production,
and topographic anatomy; and ‘cardio-specific learning,
covering multiple, similarly structured chapters on stan-
dard section planes, tips for probe handling, plane orien-
tation and optimisation, sonoanatomy, and examination
questions and protocols. Pathologies were not taught.
Individual revision cards (‘slides’) built the foundation
of the e-learning. Educational content could be viewed
in the form of continuous texts, bullet points, graphics,
and/or video clips, all of which were designed to make
the educational content more accessible and to clarify
the examination protocol. Tables could be filled in and
graphics labelled as further interactive features.
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Test and evaluation instruments

The conceptual design of the test format and evalua-
tion form resulted from the consensus of ultrasound
and didactics experts according to currently available
research and to meet the learning goals of the workshop
(21, 22, 51]. Evaluation,, and evaluation,,, were 10-min-
ute written papers assessing 5 topics: “personal data”
(T1), “prior knowledge” (T1), “user behaviour” (T1),
“subjective evaluation of competencies” (T2), and “evalu-
ation of e-learning” (T2). Answers were provided accord-
ing to the type of question, either on a seven-point Likert
scale (1=strongly disagree, 7=strongly agree), dichoto-
mous questions (yes/no), or free responses. The response
options were explicitly labeled to ensure clarity. No sys-
tem logs data were collected with the aim of analysing
user behaviour. The written theory papers of a total of 94
points across theory,,, + theory,, examined five areas
of competence matching the defined learning objectives.
These were “anatomy” (max. 11 points), “basic skills”
(max. 29 points), “assignment tasks” (max. 6 points), and
“normal findings / identifying structures in orientational
section planes” (max. 48 points). In the assessment (theo-
IYpre and thery,,) there were proportionally overlapping
and identical questions. Content validity was ensured by
aligning questions directly with the e-learning material,
learning objectives and validated educational frameworks
(e.g, WINFOCUS reference planes) [21]. The point
allocation for each section was determined during test
development and aligned with the proportional represen-
tation of each topic in the e-learning module to ensure
a fair weighting in the assessment. Questions required
very short or multiple choice answers; exemplar ques-
tions are given in supplements 4 and 5. The theory-test
was evaluated based on a solution key previously devel-
oped by experts. One point was awarded for each correct
answer, while no negative points were given for incorrect
responses. To confirm internal consistency, Cronbach’s
alpha was calculated for all instruments. The assessments
were administered under standardized conditions, with-
out feedback between testing points, and without exter-
nal guidance, thereby minimizing test-related bias.

Statistical analysis

Data were collected using the survey and test tool Lime-
Survey (LimeSurvey GmbH, Germany), written ques-
tionnaires, and practice exam sheets. All data were saved
with Microsoft Excel. All statistical analyses were per-
formed in Rstudio (Rstudio Team [2020]. Rstudio: Inte-
grated Development for R. Rstudio, PBC, http://www.rs
tudio.com, last accessed on 20 04 2024) with R 4.0.3 (A
Language and Environment for Statistical Computing, R
Foundation for Statistical Computing, http://www.R-pr
oject.org; last accessed on 20 04 2024). Where possible,
a main scale score was derived from the average of the
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subscale scores. Binary and categorical baseline vari-
ables are given as absolute numbers and percentages.
Continuous data are given as mean and standard devia-
tion (SD). Categorical variables were analyzed using the
chi-squared test. Normality of data distributions was
assessed using the Shapiro-Wilk test, ensuring appropri-
ate use of parametric tests. Levene’s test was applied to
check for homogeneity of variance. Paired t-tests were
used to compare pre- and post-intervention scores within
the study group, as the data were approximately normally
distributed. This directly addresses the research ques-
tion regarding subjective and objective competency gains
through e-learning. For between-group comparisons
(study group vs. reference group), post-test scores were
compared using the Mann—Whitney U test, due to vio-
lations of normality assumptions in at least one group.
This non-parametric test was chosen to examine differ-
ences in theoretical knowledge acquisition after e-learn-
ing between learners with different baseline experience
levels. Additionally, independent samples t-tests were
conducted where normal distribution and homogeneity
of variance were confirmed. These analyses directly align
with our research objective of assessing whether e-learn-
ing can effectively support learners across heterogeneous
competency levels.

Parametric (ANOVA) and non-parametric (Kruskal-
Wallis) analyses of variance were conducted, followed
by pairwise post hoc tests (T-test or Mann-Whitney U
test) to explore significant differences in responses across
multiple participant subgroups. For multiple pairwise
comparisons, the Bonferroni correction was used. P-val-
ues<0.05 were considered statistically significant. Effect
sizes were calculated using Cohen’s d. For validation pur-
poses and to check the internal consistency of the scales
used the Cronbach’s alpha values were calculated for the
theoretical test (T1 and T2) and for the e-learning evalu-
ation. For this study, a power analysis was performed to
determine the sample size required to detect a statisti-
cally significant effect. Our power analysis, based on an
expected effect size of 0.6 (derived from previous litera-
ture on e-learning in medical education [3, 26]), a signifi-
cance level of 0.05, and a power of 0.80, was conducted
using post hoc pairwise t-tests, resulting in a required
sample size of 90 participants (45 per group). The actual
sample size (= 104; study group: 48, reference group: 56)
exceeded this requirement.

Results

Group characterisation

A total of n=104 data sets were included in the statisti-
cal analysis (7 =48 study group; n=56 reference group).
The demographic traits, previous clinical experience,
user behaviour, and duration of preparation of the study
and reference groups were analysed and are depicted
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in Table 1. The study group showed a lower mean age
(p<0.0001) and reported significantly less experience,
specifically regarding “prior participation in ultrasound
workshops” (p=0.002), “echocardiographies seen so far”
(p<0.001), and “independently performed echocardiog-
raphies” (p<0.0001). In the reference group, most par-
ticipants were resident physicians (87.5%) and working in
internal medicine (67.9%).

A majority in both groups had spent 2.5 to 4 h prepar-
ing for the workshop (study 58.3% vs. reference58.9%,
p=0.28). Most had also watched the videos in the
e-learning (study 95.8% vs. reference 94.6%, p=0.84).
Multiple participants in both groups (study group 43.8%;
referencegroup 46.4%) had, since receiving the educa-
tional media, “practical training in echocardiography”
(p=0.67).

Subjective level of competency and evaluation of the
E-Learning
The subjective levels of competency in the study and the
reference group at T2 are depicted in Fig. 2. Both groups
estimated their competencies at similar levels after the
preparation period (study 4.3+0.9 vs. reference 4.3+1.0;
p=0.94). The study group reported higher scores in the
subcategory “topography” (p=0.01), whereas the refer-
ence group indicated a higher subjective level of compe-
tence in “handling the patient during the examination”
The results of the evaluation of the e-learning can be
found in Fig. 3; Table 2. Both groups rated the e-learning
markedly positively (4.1-6.8 scale points). Altogether, the
reference group gave a significantly higher rating than
the study group (study 5.8+0.9 vs. reference 6.2+0.7;
p=0.04). This higher score was true for the subitems
“structure of the menu” (p<0.01), “study cards structure”
(p=0.03), “coverage of study cards” (p =0.02), and “label-
ling of graphics” (p=0.01), as well as “recommendation”
(p<0.001). Particularly highly rated (scale points 5.2—-5.8)
in both groups were “technique’, “handling of the menu’,
“video explanations’, “learning progress’, “interactive fea-
tures’, and “recommendation”. A little lower (scale points
4.0-5.0) were the ratings for “labelling of graphics’, “quan-
tity of educational videos’, and “text-graphic relation” The
Cronbach’s alpha for the e-learning evaluation was 0.90,
thereby indicating excellent internal consistency.

Objective development of competencies

The results of the theory tests in both the study and ref-
erence groups are depicted in Fig. 4 and supplement
6. From T1 to T2, the study group achieved a signifi-
cant increase in total competencies (T1: 23.5+6.3 vs.
T2: 62.1+£14.6; p<0.001) with a large effect (Cohen’s
d=3.43,95% CI [2.68, 4.18]), and in the subitems “basics”
(p<0.001), “assignment tasks” (p<0.001), and “normal
findings” (p<0.001). However, no improvement was
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noted in the subitem “anatomy” (p=0.37). The refer-
ence group, which had more previous practical expe-
rience (p<0.001), achieved in summary significantly
higher scores at T2 (study 62.1+14.6 vs. reference
72.6+12.7; p<0.001), also in the subitems “assignment
tasks” (p<0.001) and “normal findings” (p<0.001). In
“anatomy” (p=0.05) and “basics” (p=0.15), both groups
showed similar levels of competency at T2. Cronbach’s
alpha for the theory test was 0.77 at T1, indicative of
acceptable internal consistency, and 0.88 at T2, indicative
of good internal consistency.

Factors of influence

The analysis and examination of possible influencing fac-
tors can be found in Table 3. Multivariate linear regres-
sion analysis showed that the factor “Performed an
echocardiography — yes” (p=14.9; p=0.01) significantly
influenced the theory test at T2.

An intergroup comparison with the aid of a differentia-
tion test (binary scale) showed that the reference group
tended to have significantly better results, particularly
over those with the characteristics “Previous participa-
tion in ultrasound courses — no” (p=0.02), “Observed an
echocardiography - yes” (p=0.03), “Performed an echo-
cardiography — no” (p=0.04) and “Have you had any
practical training in echocardiography since receiving
the educational media?” (p<0.01). The time to prepare
(“How much time did you spend e-learning?”) data col-
lected suggested that the reference group could achieve
significantly better results than the study group with a
preparatory period of any length of up to 4 h (p<0.01).
This trend was not evident with a preparatory period of
4.5-6 h (p=0.79). A better result in the test correlated
positively with the duration of preparatory time (up to a
preparatory period of 4 h) in both groups.

Discussion

The primary objective of this study was to assess the
extent to which a preparatory e-learning module could
enhance the theoretical FOCUS competencies of a study
group of medical students undertaking a training work-
shop. The study also aimed to compare the objective and
subjective competency gain in this study group against
those of a reference group (control) consisting of physi-
cians, assessing competency gain across different clinical
experience levels. Finally, participants evaluated the qual-
ity and acceptance of the e-learning.

The results suggest a significant improvement in the
objective theoretical competencies of the study group
following self-directed preparation. Although the refer-
ence group achieved significantly higher overall objective
competency levels, both groups reported similarly high
levels of subjective competency. Both groups similarly
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Table 1 Baseline characteristics, user behaviour and Preparation time in the study and the reference group

Items Study Reference p-Value
Group Group
(Students) (Physicians)

Total number of registrations n=55 n=65
Approved participants for the workshop
Not meeting the inclusion criteria (First state examination completed, use of educational materials, full n=7 n=9
participation in evaluations and tests)
Participants included in the analysis n=48 n=56
T1
Mean+SD  Mean+SD
Age 254+33  31.7+54 <0.0001
Gender N (%) N (%) 1.0
Female 30 (62.5%) 36 (64.3%)
Male 18 (37.5%) 20 (35.7%)
N/A
Specialty (Physicians) N (%) N (%)
Internal medicine 38 (67.9%)
General medicine 6 (10.7%)
Anaesthesiology 8 (14.3%)
Other 4(7.1%)
(Neurology, Paediatrics, Emergency medicine)
Position (Physicians) N (%) N (%)
Students 48 (100.0%) 0 (0,0%)
Resident 49 (87.5%)
Consultant 2 (3.6%)
Senior 1(1.8%)
Head of department 0 (0,0%)
Physician Assistant 2 (3.6%)
Other 2 (3,6%)
Previous participation in ultrasound courses N (%) N (%) 0.002
No 29 (60.4%) 17 (30.4%)
Yes 17 (35.4%) 38 (67.9%)
N/A 2 (4.2%) 1(1.8%)
Shadowed/performed an ultrasound? N (%) N (%)
Abdomen 36 (54.5%) 48 (49.0%) 0.190
Head and neck 11(16.7%) 21 (21.4%) 0.077
Puncture 19 (28.8%) 29 (29.6%) 0.149
Observed an echocardiography N (%) N (%) <0.001
No 19(39.6%) 8(14.3%)
Yes 21(43.8%) 48(85.7%)
N/A 8(16.7%) 0(0.0%)
Performed an echocardiography N (%) N (%) <0.0001
No 38(79.2%) 25 (44.6%)
Yes 2 (4.2%) 31 (55.4%)
N/A 8(16.7%)  0(0.0%)
T2
How much time did you spend e-learning? N (%) N (%) 0.28
1-2h 3(6.3%) 11 (19.6%)
2.5-4h 28 (58.3%) 33 (58.9%)
4.5-6h 15(31.3%) 7 (12.5%)
6.5-8h 2 (4.2%) 3(5.4%)
85-10h 0(0.0%) 2 (3.6%)
Have you watched the videos in the e-learning? N (%) N (%) 0.84
Yes 46 (95.8%) 53 (94.6%)

No 2 (4.2%) 3(5.4%)
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Table 1 (continued)
Items Study Reference p-Value
Group Group
(Students) (Physicians)
Have you had any practical training in echocardiography since receiving the educational media? N (%) N (%) 0.67
No 27 (56.3%) 30 (53.6%)
Yes 21 (43.8%) 26 (46.4%)
If applicable, to what extent have you had practical training? N (%) N (%) 0.3
1-4h 13(61.9%) 16 (61.5%)
5-10h 8(38.1%)  6(23.1%)
11-20h 0(0.0%) 1 (3.8%)
>20h 0(0.0%) 3(11.5%)

positively evaluated the e-learning platform, with the ref-
erence group providing a slightly higher overall rating.

Given the increasing cross-disciplinary application of
FOCUS in emergency settings and for specific clinical
assessments of cardiovascular status, the need for com-
prehensive training in this area is growing [40, 41, 56].
This study contributes valuable evidence supporting
e-learning as a flexible and practical teaching method,
aiming to foster innovative approaches in medical
education.

Discussion of objective competencies

Ongoing research has attempted to measure the effects of
e-learning on theoretical competency growth in sonogra-
phy [1-3, 5, 7, 8, 10, 17, 20, 27]. As suggested in previ-
ous studies [25, 30, 37], participants of our study group
saw a significant increase in their theoretical skills after
completing the FOCUS-specific e-learning. This was
particularly observable in “basics’; “assignment tasks’,
and “normal findings” In “anatomy’, participants already
had a high level of competency at T1, which explains the
slight, statistically insignificant increase at T2. Conjectur-
ally, study subjects might have benefitted from persisting
anatomic and physiological knowledge from the preclini-
cal stage. Studies have previously correlated ultrasound
instruction and improvements in anatomy knowledge,
though the courses in these studies were specifically
designed and used to teach cardiac anatomy and physiol-
ogy itself, unlike the workshop in our study [30, 37, 46].
Our study benefitted from using multiple-choice as well
as very short answer questions, as these enabled clearer
measures and more decisive assessment of competency
growth in comparison with other studies [9, 47].

A defining characteristic of our study was the use of
a reference group of physicians (control) who similarly
used the FOCUS e-learning in preparation for a one-
day FOCUS workshop. Prior studies of e-learning spe-
cialised on FOCUS tend to have one study group made
of inexperienced participants including both students as
well as physicians, with some using and some eschew-
ing a control group [2, 25, 39, 46, 47]. Other studies

used alternative teaching methods as a control, whether
peer teaching, self-guided study, or team-based learn-
ing [9, 25]. Unlike other studies that have focused solely
on students, we introduce a comparative perspective by
including both students and physicians, helping to con-
textualise the effectiveness of e-learning across different
learner groups. The results of this study and prior studies
suggest that e-learning is not only a promising approach
by which learners can acquire new theoretical compe-
tencies, but that e-learning is also effective for deepen-
ing and revising existing knowledge and skills, especially
in ultrasound basics [20, 25, 30, 38]. This is particularly
supported by the significant improvements observed in
basic theoretical competences, especially in the subcat-
egories “basics” and “normal findings” After the prepara-
tion phase, the reference group showed a generally higher
level of objective competencies, especially in “basics’,
“assignment tasks’, and “normal findings’; though not in
“anatomy”. This reiterates that the study group’s superior
anatomical competencies may result from their recent
pre-clinical training, where e-learning reinforces prior
knowledge [25]. Several factors likely played a role in this
difference, most notably the physicians’ greater clinical
experience, as indicated by our regression analysis. Their
more extensive hands-on exposure to echocardiogra-
phy in daily practice likely gave them a stronger founda-
tion for interpreting ultrasound images and performing
related tasks [57-59]. E-learning was effective in improv-
ing theoretical competence and substantially narrow-
ing the gap between novice and experienced learners,
although, as expected, it was not able to close it entirely.

Discussion of subjective competencies

Recent studies have examined both the objective and
subjective increases in learner competencies achieved
through e-learning [1, 8, 14, 17, 28, 30]. After the e-learn-
ing in this study, both groups estimated their level of
skills similarly, suggesting a levelling of the subjective
competency gradient. Prior research has also shown that
participants with initially low self-assessments tend to
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Table 2 Results of the evaluation of the e-learning by students
and physicians

Study Group Reference Group p-Value

(n=48) (n=56)
Mean+SD  Mean=SD

Total value 58+09 62+0.7 0.04
Log-in function 47+13 50+13 034
Technique 6.8+09 66+10 042
Menu structure 5516 64+09 0.002
Menu operability 62+15 6.5+ 1.1 0.15
Duration of videos 47+13 51410 0.11
Quality of videos 51+10 5012 0.55
Quantity of videos 41410 42+09 0.95
Video explanations 54+12 58+15 0.14
Learning progress 52+13 5711 0.07
Structure study cards 44+14 50£12 0.03
Workload per study card 44+14 50+10 0.02
Font size 46+06 45+0.8 032
Text volume 44+09 45410 0.86
Graphic dimensions 45408 44410 0.53
Graphic labels 40+£13 46+0.8 0.01
Quantity of graphics 53+09 54+10 0.66
Relation (text/graphic)  4.4+0.7 45409 0.84
Design 51+1.1 53+1.1 0.38
Interactive features 60+12 6.1+13 0.97
Recommendation 53+14 6.2+0.8 <0.001

reduce their lag during e-learning [14], a phenomenon
attributed to the so-called “catch-up effect” [60].

The significantly higher self-assessment in the study
group in the “topography” sub-category mirrors their
objectively higher knowledge of anatomy. Meanwhile, the
reference group estimated themselves higher in “patient
handling during the examination’; which is explicable by

their greater time spent in clinical practice and patient
care. The discrepancies in subjective vs. objective com-
petencies gained may reflect differences in the learning
experiences of both groups: the study group may have
overestimated their knowledge due to the theoretical
focus, a phenomenon that can be explained by the Dun-
ning—Kruger effect [61]. The reference group, benefiting
from more clinical experience, gave a more realistic self-
assessment. This suggests that subjective evaluations are
influenced by individual experiences and learning strate-
gies, which may not always align with objective compe-
tency development.

Overall, the results indicate that e-learning enhances
educational success and positively influences learners’
subjective evaluation of their competencies. E-learning
can, therefore, be a good tool to enhance target-oriented
competency growth.

Discussion of the evaluation of the E-learning
The evaluation of digital learning formats is an important
part of quality management, and the value of qualitatively
effective e-learning is also emphasised in the literature [1,
10, 20]. Following previous studies, we used a question-
naire to evaluate the learners’ perception of the quality of
our e-learning [7, 14, 28, 30]. The evaluation of compe-
tencies was based on the Kirkpatrick model, focusing on
competence development and participant feedback [62].
The e-learning was generally rated highly positively,
especially in “technique’, “user-friendliness’, and “inter-
active features’, which together form the foundation of
user-friendly e-learning software. To enhance the user
experience further, we propose integrating individual-
ized learning paths, which would tailor content to the
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Table 3 Parameters influencing the development of objective competencies in the study group (Students) and the control group

(Physicians)
Items Score Theory TestP*s Score Theory TestPs p-
(study group) (control group) val-
ue
Previous participation in ultrasound courses
No (n=29) (n=17) 0.02
60.1+13.0 714+£16.0
Yes (n=17) (n=39) 0.11
65.6+169 731+£114
Intra-group comparison 0.26 0.69
Observed an echocardiography
No (n=19) (n=28) 0.29
589+11.7 67.1+194
Yes (h=21) (n=48) 0.03
646+16.7 735+114
Intra-group comparison 0.22 039
Performed an echocardiography
No (n=38) (n=25) 0.04
61.1+£144 68.9+144
Yes (h=2) (n=31) 0.87
775134 756+10.7
Intra-group comparison 0.321 0.06
How much time did you spend e-learning?
1-2h (n=3) (=11 0003
40.7+85 72.09+14.9
2.5-4h (n=28) (n=33) 0.001
62.8+13.1 73.6+102
45-6h (n=15) (h=7) 0.79
643+16.2 66.7+20.6
Have you had any practical training in echo-
cardiography since receiving the educational
media?
Yes (n=19) (n=26) 0.08
654+124 722+12.2
No (n=29) (n=30) 0001
599+156 729+134
Intra-group comparison 0.18 0.84
If applicable, to what extent have you had practi-
cal training?
1-4h (n=13) (n=16) 002
63.2+128 733£95
5-10h (n=8) (n=6) 0.55
66.8+13.1 722+182
Intra-group comparison 0.55 0.89

diverse needs and preferences of learners. This approach,
supported by feedback, could improve user-friendliness
and foster a more personalized learning journey, thereby
optimizing overall competency gain. The evaluation
by the reference group, who had a significantly higher
mean age, was significantly higher than the evaluation by
the study group. This could be due to the study group’s
higher expectations from digital teaching media as par-
ticipants in the study group could be considered “digital
natives”. These differences in expectations highlight an
opportunity to develop even more individualised e-learn-
ing offers.

Optimisation is also important to ensure ongoing qual-
ity. For example, the waterfall model could advance the
implementation and revision process of the e-learning by
enabling systematic improvements through structured,
sequential phases [55, 63]. In prior successful e-learning
studies, special emphasis was placed on correcting all
errors, adapting to the current scientific standard, opti-
mising features, and implementing extensions [55, 63].

We propose to adapt the e-learning in our study after
student evaluation to improve its quality. Feedback indi-
cated an indirect wish for more videos: the quantity of
videos was rated as “moderate’, while their quality and
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explanation were rated as “above average”. This suggests
that participants value the clarity and depth of video
content, but would benefit from an increased quantity to
further enhance their learning experience. Prior studies
confirm that video-based education is increasing in use
and is popular among students, but they also show that
instructional videos in isolation are insufficient and more
interactive formats are desirable for competency gain and
to meet learner preferences [9, 15, 25, 64]. These findings
reinforce that no single method leads to successful learn-
ing but rather a combination of different teaching meth-
ods seems to be the most effective way to achieve broad
growth in competencies [9, 10, 15, 20, 38].

In addition to measuring learning success, this study
also investigated e-learning acceptance by users. E-learn-
ing acceptance was assessed using a multi-dimensional
Likert-scale questionnaire that measured aspects such as
technical usability, content quality, interactivity, and will-
ingness to recommend the e-learning module. The posi-
tive feedback from the participants strongly suggests that
the e-learning module was well received and accepted,
implying not only positive reception but also overall
acceptance of the e-learning platform. For this reason,
the subjective data further promote e-learning concepts
in future ultrasound teaching, and also to further develop
it.

Outlook of E-learning
While the creation of quality e-learning is resource-
intensive, e-learning has clear benefits for sonography
training [10, 20, 38]. E-learning is effective, flexible, moti-
vating, and sustainable for learners and educators [1-3,
7, 8, 17, 20, 25, 27, 38]. Numerous studies including our
own suggest that participants in e-learning develop com-
petencies [3, 17, 25]. Digital instruction also enables
flexibility in the time and place of learning, and to meet
the varying preferences of learners themselves, so that
personalised and demand-dependent learning can be
assured [1, 7, 20, 38]. This flexibility can be especially use-
ful for physicians with a high workload, but it is also ben-
eficial for students [10, 20]. One study showed that even
a very short e-learning course can be a useful prepara-
tion tool for ultrasound examinations [14, 27]. The scope
and complexity of the course can vary depending on the
topic, allowing e-learning to best suit the learning goal. In
the future, e-learning could potentially facilitate individ-
ualised learning concepts that can be customised to the
learner’s specific needs [65]. This could be done accord-
ing to pre-tests and learning preferences, or to better tai-
lor courses to specific learning needs or disabilities [65].
The use of Al could enhance this development [66].
E-learning formats such as the one developed in this
study can be expanded step-by-step, such as by including
pathologies with independently created content, or by
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incorporating links to pathology atlases. Digital toolkits
for the construction of websites can simplify structuring
web pages and the realisation of e-learning formats, while
high-quality e-learning courses built with such tools have
been shown to motivate participants, generate learner
interest, and gain wide acceptance [1, 8, 14, 17]. In the
future, system logs could be used for a more detailed
evaluation of user behaviour, allowing for a more precise
monitoring of the hours spent on the platform and the
modules worked on, thus allowing for a more differenti-
ated and objective analysis of e-learning.

As shown by our data and in previous studies, e-learn-
ing can stably and reliably build up basic knowledge and
skills [2, 25, 30, 39]. The sustainable digitalisation of in-
person formats could lead to a decreased need for per-
sonnel and spatial resources [38] and could lead to a more
effective use of in-person course time. The results sug-
gest that e-learning effectively facilitates the acquisition
of foundational theoretical knowledge, but additional
practical components may be needed to fully address the
needs of novice learners. Previous studies have also sug-
gested that e-learning can contribute to the development
of practical skills [14], though it cannot entirely replace
in-person practical training [2, 9].

In summary, our data reflects favourably on integrat-
ing e-learning into blended learning teaching of FOCUS,
as is also suggested by prior studies [20, 28, 30, 67]. To
support under-resourced regions and promote efficient
resource use, specialist societies should consider devel-
oping recommendations and clear guidelines for these
courses. Furthermore, these societies should consider
accrediting e-learning to enable consistent quality of
training and to develop the format to its full potential for
learners [10, 14].

Limitations
This study has several limitations that should be consid-
ered when interpreting the findings.

First, there were some systematic differences between
study and reference group. The lack of an in-person
introductory session for the reference group (includ-
ing the pre-test) limits the ability to determine whether
their higher post-test scores reflect learning from the
e-learning module or pre-existing knowledge. To ensure
validity, the written test was not conducted at home to
prevent external aids. The reference group had greater
age, clinical experience, prior examinations, and FOCUS
exposure, likely contributing to their stronger per-
formance. This finding is supported by a trend in the
intergroup comparison, which showed that within the
reference group, participants who had already performed
echocardiography scored better than those who had not
(p=0.06). While these influencing variables were con-
sidered in the interpretation of results and included in
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a regression analysis, the subgroup sizes were small,
and the comparisons should be interpreted as indicative
trends rather than definitive effects. Preparation time dif-
fered between groups: the study group had a fixed 1-2
week period, whereas the reference group had up to four
months to engage with the material. Although this varia-
tion might have allowed deeper engagement for some
physicians. The reference group was slightly larger than
the study group, with a difference of eight participants.
Although this discrepancy is relatively small, it may still
have influenced group comparisons. Overall, this limits
the interpretation of comparative effects, which means
that, as stated earlier, physicians should primarily be
interpreted as a reference group.

Second, the assessments (theory,,. and theory,.)
contained overlapping and partially identical questions,
introducing the possibility of test-retest bias. This was
mitigated by a time delay between tests and by withhold-
ing feedback after the pre-test, but some recall effects
cannot be ruled out.

Third, this study focused exclusively on theoretical
knowledge acquisition, assessed through objective tests
and subjective evaluations. The assessment of practi-
cal competencies was not feasible due to logistical and
methodological constraints (e.g., lack of standardized
evaluation conditions across multiple sites, need for
expert raters and time-intensive evaluation processes).
Consequently, the results do not allow conclusions about
the acquisition of practical competencies. Future stud-
ies should include formats such as Direct Observation
of Procedural Skills (DOPS) or Objective Structured
Clinical Examinations (OSCEs) to evaluate the effect of
e-learning on practical competencies.

Fourth, only students who had completed the first state
medical examination were eligible, and thus the findings
cannot be extrapolated to earlier-semester students or
other groups such as nurses or allied health professionals,
which may limit generalizability to other educational set-
tings or learner populations.

Fifth, although test administration was standardized,
self-selection bias remains possible. Participants who
chose to take part may have been more motivated or
more comfortable with digital learning formats, poten-
tially leading to an overestimation of the e-learning mod-
ule’s effectiveness.

Finally, the study did not include a second control
group without e-learning access (e.g., textbook-only
preparation), which would have enabled a more nuanced
evaluation of the added value of e-learning compared
to analog learning strategies. Furthermore, while par-
ticipants had access to the e-learning platform after the
initial course, no follow-up data were collected to assess
long-term competency retention.
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Conclusion

The present study highlights the potential of e-learn-
ing in enhancing theoretical ultrasound competencies
among those undertaking FOCUS training. However,
while e-learning proves effective in improving theoreti-
cal knowledge, it cannot fully compensate for the clinical
experience gained through hands-on practice. The users’
positive evaluation of e-learning underscores its suitabil-
ity and acceptance as a valuable tool in ultrasound educa-
tion. Digital learning media, such as e-learning platforms,
should therefore be more prominently integrated into
future ultrasound training programs. We propose that
clear guidelines for the certification of e-learning plat-
forms, focusing on content quality, user engagement, and
assessment standards, be developed in alignment with
existing ultrasound education frameworks. However,
further investigations may be needed to examine these
relationships in more depth and clarify their underlying
mechanisms. Additionally, certification and accreditation
by professional societies could ensure a modern, innova-
tive, and forward-looking ultrasound educational prac-
tice that aligns with evolving technological advancements
and educational needs.
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