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ABSTRACT

Purpose Sonography training has become animportant part
of university medicine courses. This study explores the impact
of digital and analog teaching resources on learning outcomes,
knowledge retention, and student preferences and motivation
in a flipped classroom setting.

Materials and Methods This prospective controlled study
involving two groups of third-year medical students included
a voluntary three-day compact ultrasound course given in a
flipped classroom, comprising 26 teaching units of 45 minutes
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each. Hardcopy lecture notes (control group) and E-learning
(study group) were used as teaching resources. Evaluations
were conducted before (pre) and during the preparation phase
(intermediate), and after (post) the face-to-face course. Likert
scale responses, written theory tests with very short answer
questions (Theorypre, Theoryinter, Theorypost), and practical
examinations (Practiceinter, Practicepost) were used for stu-
dent self-assessment and to measure attitude, motivation, as
well as theoretical and practical skills.

Results A total of N=236 complete data sets (study group
n=136; control group n=100) were analyzed. Both groups

showed an equivalent initial level of, and a continuous and sig-
nificant (p<0.01) increase in, subjective and objective skills
over the evaluated time frame. The study group achieved sig-
nificantly (p<0.05) better results in Theoryinter, Theorypost,
Practiceinter, and Practicepost. The study group evaluated
their teaching resource and the training concept significantly
(p<0.05) better.

Conclusion The integration of digital resources into sonogra-
phy education provides comparable learning outcomes to tra-
ditional analog materials, enhancing the preparatory phase. In
the future, digitally supported training should be used more.

Introduction

Ultrasound technology can be used for medical diagnosis and in-
terventions by providing real-time visualization of anatomical
structures and physiological processes, thus enhancing clinical de-
cision-making and patient care [1]. Technical advancements in
terms of new image modes and constantly improving hand-held
ultrasound devices have also contributed to this [2-5]. As the de-
mand for proficient ultrasound practitioners has risen, the need to
impart theoretical knowledge and practical skills in the field of
medicine has become increasingly evident. Traditional didactic
teaching methods have undergone a transformation to incorpo-
rate innovative approaches aligned with the requirements of mod-
ern education and technology. Notably, the flipped classroom con-
cept, a practical application of blended learning, has gained prom-
inence, emphasizing active learning and engagement [6-8].

The flipped classroom is an instructional strategy and educa-
tional approach that reverses traditional teaching methods. In the
conventional setting, students acquire new content through lec-
tures or presentations in the classroom and then solidify their un-
derstanding with homework outside of class. In a flipped classroom,
this sequence is inverted [9, 10].

In comparison, blended learning integrates traditional face-to-
face instruction with online or digital learning experiences. This ap-
proach entails a combination of in-person and virtual activities,
providing a flexible and personalized learning experience. The over-
arching objective is to harness the strengths of both traditional
classroom teaching and digital resources to enhance the overall
educational outcome.

Ultrasound education traditionally entailed didactic lectures fol-
lowed by hands-on practice sessions. However, the rapid evolution
of ultrasound technology, the complexities of anatomy and pathol-
ogy, and the higher number of trainees require a more dynamic ed-
ucational approach [11]. The flipped classroom model, with stu-
dents accessing instructional content before class and engaging in
collaborative activities during class, has the potential to enhance
student engagement, critical thinking, and problem-solving skills
[12]. This approach is particularly promising for ultrasound educa-
tion, as it can facilitate a deeper understanding of complex con-
cepts and allow more time for practical application and experimen-
tal learning. International professional societies recommend the
integration of blended learning in ultrasound teaching methodol-
ogies [13-17]. Therefore, national and international professional

societies such as the German Society for Ultrasound in Medicine
(DEGUM) and the European Federation of Societies for Ultrasound
in Medicine and Biology are also currently discussing possibilities
for digitalization within medical ultrasound training [11, 15, 18].

The advancement of digital technologies has ushered in a new
era of educational possibilities, providing access to a wealth of mul-
timedia resources such as online lectures, interactive simulations,
virtual anatomy models, and self-assessment tools [19-21]. These
resources offer students opportunities for self-paced learning and
personalized exploration of ultrasound principles. Nevertheless,
these should supplement, not replace, traditional methods in ul-
trasound teaching. These “analog” resources, encompassing tra-
ditional textbooks, instructor-led demonstrations, and practical
training on physical models, offer tangible, tactile learning experi-
ences and direct interaction with instructors, and thus are essen-
tial to robust, holistic education in medicine [22].

Current ultrasound teaching has begun to adopt this “blended”
approach, in which flipped classrooms facilitated by digital learn-
ing tools supplement analog learning methods. Yet relatively few
studies have directly compared the effectiveness of digital and
analog resources in ultrasound education in a flipped classroom
approach [23]. This DIVAN (Digital vs. Analog) study was developed
to investigate how resource types influence learning outcomes,
knowledge retention, and student preferences in a flipped ultra-
sound classroom. The study assesses both subjective and objective
measures by which student competence develops, and, in doing
so, provides evidence-based optimization of ultrasound education-
al resources for undergraduates.

Materials and Methods

Study Design and Recruiting

This controlled intervention study was conducted prospectively [24].
»Fig. 1 provides further details about study development and study
design. The study was performed as part of a voluntary 8-course pro-
gram at a medical university, and participants were medical students
in their third year of medical studies divided into two groups: the win-
ter semester 2020/2021 cohort, which formed the control group
taught through lecture notes, and the summer semester 2021, which
formed the study group taught through e-learning. Students regis-
tered via a university online portal. Inclusion criteria of individual stu-
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> Fig. 1 Development process and design of the DIVAN study including the measurement times and assessment tools as well as teaching content.
After the study was developed (a), the recruitment phase (b) followed, which was followed by the blended learning/flipped classroom-based training
concept (c); Evaluation (Evaluationpre, Evaluationinter, Evaluationpost), theoretical tests (Theorypre, Theoryinter, Theorypost), and practical tests
(Practiceinter, Practicepost) were carried out at different times (T1-T3). Randomization takes place by semester (winter semester-analog/control

group, summer semester-digital/study group); TU=teaching units.

dents were consent to participate in the study; completion of all parts
of the study; and use of teaching materials [25]. Evaluations were car-
ried out at three points: before the start of the training, i. e., before re-
ceiving the teaching material (T, =pre), before the face-to-face course
phase, i.e., after the preparation period, and after the face-to-face
course phase (T3 =post). Evaluations were complemented by written
theory tests (Theorype, Theoryinter, Theorypas) [25]. Additionally, prac-
tical examinations with three 120-point work assignments took place
at T, and T5 (Practicejer, Practicepos) [25].

Teaching Concept and Learning Materials

The flipped classroom and blended learning stage was divided into
three phases (see » Fig. 1) and was developed based on prelimi-
nary work [26]. An introductory event was followed by the 8-12-
day preparation phase, in which students learned independently
using either an analog or digital teaching medium. In this study,
students learned through hardcopy lecture notes or e-learning
modules. The subsequent three-day, modular, face-to-face course
phase consisted of 26 teaching units with 45 minutes devoted to

each unit. During this phase, several pedagogical approaches were
alternated: students observed practical applications of taught con-
tent; practiced in small groups under teacher guidance; further
practiced under the guidance of peer tutors; independently repeat-
ed practice; and then deepened their knowledge of theoretical con-
tent. The follow-up phase was used to further explore and inde-
pendently apply what had been learned. The learning objectives of
the training concept (see Supplementary Table 1) determined
both the content of the teaching media and later examinations and
were based on the DEGUM Basic catalog for abdominal sonogra-
phy developed jointly by sonography experts and didactics [27]. A
comparison of the teaching media lecture notes and e-learning is
listed in Supplementary Table 2 and Supplementary Figures 1
and 2. The scope of the content of both teaching media was ap-
proximately the same. The participants also received equivalent
work assignments in the form of a workbook for preparation and
post-course processing follow-up.
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Lecture Notes

The hardcopy lecture notes were divided into ten modules and
three excursions. Each module contained, in continuous text form,
the transducer positions, cross-sectional images (cross-sections),
and examination procedures that are important for the organ and
image series. The most common pathologies of the organ systems
were then described in bullet points and indicated in the images.
Checklists after each module encouraged self-assessment.

E-Learning

The e-learning that was developed was based on the hardcopy lec-
ture notes. The e-learning could be accessed online. The same basic
structure was used for a total of 10 organ-specific modules. The
learning content was conveyed using flashcards (“slides”) with con-
tinuous text, bullet points, images, and/or video clips. Links to ad-
ditional online atlases were also provided [21]. The interactive click
functions included resolving questions, filling in empty tables, or
labelling ultrasound images or graphics. The same checklists as in
the hardcopy lecture notes were used for self-assessment after each
module.

Assessment
Evaluations (Evaluation,e, Evaluationiq, Evaluationg)

Evaluations around 10 minutes in length asked about various top-
ics using multiple items. These include “Personal Data”, “Previous
Experience”, “Usage Behavior”, “Motivation”, “Subjective Compe-
tence Assessment”, “Teaching Material”, and “Training Concept”.
The answers were recorded using a seven-point Likert answer scale
(1=completely true/very good; 7 = not at all true/very bad), dichot-
omous choice answers, or free text questions.

Theoretical Assessments (Theoryp., Theoryiqter, Theorypogr)

The theory tests of 50 minutes and 199 points assessed the follow-
ing competencies: “Basics” (33 points); “Normal findings/structure
recognition in orientational cross-sections” (118 points); and “Pa-
thology recognition” (48 points). The tests used free-text questions
based on the defined learning objectives (see Supplementary Fig-
ures 3-5 for example questions) [28].

Practical Assessment (Practicejner, Practicepqs)

At T, and T;, practical skills were tested by standardized and vali-
dated objective structured clinical examination (OSCE) [29]. The
competencies “Transducer handling”, “Patient guidance”, “Exam-
ination”, “Picture explanation”, and “Overall performance” were
assessed in the defined combinations of three competencies out-
linedin 2.3.2 (see Supplementary Figure 6). Each 7-minute OSCE
was worth a maximum of 40 points, totaling 120 overall available

points.

Statistical Analysis

Data were for the evaluations as well as theoretical and practical
learning success checks were manually evaluated using Microsoft
Excel before analysis in R studio (RStudio Team [2020]. RStudio: In-
tegrated Development for R. RStudio, PBC, http://www.rstudio.
com, last accessed 11/30/2023) with R 4.0.3 (A Language and En-
vironment for Statistical Computing, R Foundation for Statistical
Computing, http://www.R-project.org; last accessed 11/30/2023).

Binary and categorical baseline parameters are expressed as abso-
lute numbers and percentages. Continuous data are expressed as
median and interquartile range (IQR) or as mean and standard de-
viation (SD). Categorical parameters were compared using Fisher’s
exact test and continuous parameters using the Mann-Whitney
test. In addition, pairwise correlations of metric variables were ob-
tained, and the correlation effect sizes and significances were cal-
culated. Furthermore, Mann-Whitney tests were constructed to
compare the influence of individual factors on the results of the
theoretical and practical tests. Finally, a multivariate linear regres-
sion model was produced to compare the influence of individual
factors. P-values <0.05 were considered statistically significant.

Results

Study Population

A total of n=236 complete data sets (see » Fig. 2) from a study
group of n=136 and a control group of n=100 were statistically
analyzed.

> Table 1 lists the baseline characteristics of the study and con-
trol groups. The average age of the study group was higher than
that of the control group (study 25.8 3.2 vs. control 24.6 +3.6;
p<0.01). In addition, significantly more participants in the study
group stated that they had previous training in the medical field
(study 74.3 % vs. control 55.0%; p<0.01).

Otherwise, no significant differences were found in the groups,
especially not in their self-reporting of previous experience in in-
terpreting cross-sectional images (p=0.13) or having ultrasound
knowledge (all p-values>0.05).

Evaluations

Evaluation of the “use of teaching media” and “satisfaction
with digital teaching offerings” queries

The evaluation results of the items “use of teaching media” and
“satisfaction with digital teaching offerings” are listed in Supple-
mentary Table 3. Most participants in both groups stated that they
used digital media privately (study 97 % vs. control 100 %; p=0.14)
and in their studies (study 99 % vs. control 100 %; p=0.51), though
they had not yet used any digital (study 93 % vs. control 98 %;
p=0.08) or analog media (study 96 % vs. control 95 %; p =0.74) for
ultrasound teaching at time T;.

In Evaluation;ye at T, no significant differences were found be-
tween the two groups in the chapters of the teaching media that
they had worked on. However, the study group reported a signifi-
cantly higher level of preparation (p<0.01).

Evaluation of the “motivation” query

The results of the “motivation” query are presented in Supplemen-
tary Table 4. Both groups had a high motivation to take partin the
course at T; (study 1.6+ 0.7 vs. control 1.6 £0.7; p=0.42). The
groups also reported that the format and presentation of a teach-
ing medium have a major influence on their motivation to partici-
pate in courses (study 1.9+ 1.0 vs. control 2.0+ 1.0; p=0.58). In
addition, both groups showed the greatest motivation for the dual
use of e-learning and textbooks (study 77 % vs. control 80 %;
p=0.42). At the start of the face-to-face course/after preparation
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Enrolment

Assessed for eligibility; n=363 students from the
Iwinterssemester 2020/21 and

summer-semester 2021

Excluded (n=35)
« Did not registrate for course (n=31)
¢ Declined to participate (n=4)

Classification according to the semester (n=328)

Allocated to control group/analogue Allocation Allocated to stydy group/digital group

group (n=171) winter-semester 2020/21 (n=157) summer-semester 2021

* Preparation with teaching medium * Preparation with teaching medium
lecture notes (n=171) e-learning (n=157)

* Course cancellation due to covid * Course cancellation due to covid
pandemic (n=39) pandemic (n=0)

Analysed (n=100) Analysis Analysed (n=136)

¢ Excluded from analysis (n=32):
- Teaching medium not used (n=3)
- Incomplete data sets (n=29) or
4th year medical students (n=0)

¢ Excluded from analysis (n=21):
- Teaching medium not used (n=4)
- Incomplete data sets (n=11) or
4th year medical students (n=6)

» Fig. 2 Flow diagram for participant inclusion and data analysis according to CONSORT.

at T, the control group reported significantly strong agreement
with the use of a digital or another teaching medium (control
3.9+2.4vs, study 5.1+2.1; p<0.01), or for the use of a combina-
tion of several media to increase course motivation (control
3.1£2.7vs.study4.1+£2.2; p<0.01).

After the face-to-face course at T3, the motivation to continue
working with ultrasound was very high in both groups but was sig-
nificantly higher within the study group (study 1.4 £0.8 vs. control
1.7+0.8; p<0.01). Groups significantly differed with respect to re-
ported motivation when asked about the teaching medium used
for follow-up (study 2.0+ 1.3 vs. control: 2.6 +1.7; p<0.01). The
motivation of the control group to use a different teaching medi-
um for course follow-up was significantly higher (study 4.7 £ 2.4 vs.
control 3.6+2.5; p<0.01).

Evaluation of the “teaching concept and learning
materials” query

» o«

The evaluation results of the “training concept”, “preparation”, and
“teaching materials” are listed in Supplementary Tables 5 and 6.

The study group rated the training concept and their satisfac-
tion with it significantly better for all items (p<0.01). The compe-
tencies of the tutors were rated very positive in both groups, both
regarding their practical skills (study 1.1 £0.3 vs. control 1.1+ 0.2;
p=0.15) and their didactic skills (study 1.1 £0.33 vs. control mean
1.2+0.5; p=0.68).

The study group rated the item “best possible use of the prac-
tical sessions during the preparation time” significantly better than
the control group (control 3.3+ 1.7 vs. study 2.4+1.2; p<0.01).
The study group also evaluated the content of work assignments
more positively (control 2.9 £ 1.6 vs. study 2.4+ 1.2; p=0.03).

After the preparation period at T,, both groups rated their re-
spective teaching medium very positively for all items (study mean
1.5-2.1 scale points vs. control mean 1.5-2.4 scale points). The
e-learning was evaluated significantly more positively in the over-
all score than the lecture notes (study 1.8 £0.7 vs. control 2.0 +0.8;
p=0.047).

The evaluations of the teaching media tended to improve in
both groups at T5 for almost all items (study mean 1.4-1.9 scale
points vs. control mean 1.5-2.2 scale points).

Evaluation of subjective estimation of competencies

The participants’ subjective assessment of competencies at the dif-
ferent time points T;-T5 are listed in Supplementary Table 7. In
both groups, a continuous and significant (p<0.01) increase in sub-
jective skills for all items was observed both during the preparation
period (T;-T,) and the face-to-face course time (T,-Ts). There were
no significant differences between the groups at all time points for
allitems except for “patient management during the examination”
at T, with the study group rating themselves significantly better
(study 2.0+ 1.8 vs. control 2.6 +1.7 p<0.01).
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> Table 1 Comparison of baseline characteristics of the control versus

study group.

Item

n
Age (years)

Mean + standard deviation
Gender

Female

Male

Training before medical
studies

Medical sector
Yes
None
Non-medical sector
Yes
None

Experience with cross-sec-
tional imaging

None
Yes. Format of training
Non-university courses
University courses
Self-study
Total duration (units of 45 min)
<10 units
10-20 units
>20 units
Previous sonography courses
No
Yes
Total duration (units of 45min)
<10 units
10-20 units
>20 units

Observed ultrasound
examinations

None
Yes

Performed ultrasound
examinations

None

Yes

Number
<5
5-10
10-15
>15

Control
group

100

24.6+3.6
n

68

32

55
45

97

76
24

18
82

75
25

21

Study p-value
group
136
<0.01
25.8+3.2
n % 1.00
92 68
44 33
<0.01
101 74
35 26
0.74
6 4
130 96
0.13
115 85
21 15
7 5
3 2
11 8
10
5
6
0.41
134 99
2 1
2 2
0 0
0.42
31 23
105 77
0.07
115 115
21 21
18 18
2 2
1 1
0 0

Theoretical and Practical Assessments
Theoretical Assessments

The results of the theoretical tests can be found in » Fig. 3, Sup-
plementary Figure 7, and Supplementary Tables 8 and 9. For
both groups, significant increases (p<0.001) in overall scores and
the respective areas of competency were recorded over the course
(T4-T, and T,-Ts). Based on equivalent results from Theory.
(study group 18 15 vs. control 17 £15; p=0.88), the study group
achieved both a significantly higher increase in competencies and
a significantly higher total score than the control group (study
91+30vs. control 79+37; p=0.013) in Theory;yte at T,. The con-
trol group, on the other hand, achieved a significantly higher gain
from T,-Ts, leading to no significant differences in attainment be-
tween the two groups in Theory, o (study 133 +24 vs. control
28+25;p=0.10). These tendencies can also be seen within almost
all competencies except for pathology detection.

Practical Assessments

The results of the practical tests are shown in » Fig. 4. After the
preparation phase, the study group achieved significantly higher
scores in Practicej,q than the control group (study 53 + 14 vs. con-
trol41+£17;p<0.01). At the end of the face-to-face phase in Prac-
ticepost, the performance of the study group was also significantly
higher (study 92+ 12 vs. control 88 +12; p=0.03). Within both
groups, there was also a significant increase in competence from
T,toT5(p<0.01).

Correlations and Influencing Factors

The correlations between the subjective assessment of competen-
cies with the objective competencies as well as the theoretical and
practical competencies showed weak-moderate but statistically
significant relationships (R 0.17-0.35; p<0.05 in each case).

A multivariate linear regression analysis of the results of the the-
ory tests at Ty and T, as well as the practical examination T,, de-
fined “Gender”, “Training before studying the medical field”, “Pre-
vious experience in interpreting cross-sectional images”, “Ultra-
sound examination followed/seen”, and “Ultrasound examination
carried out independently” as influencing factors. In the overall T,
theory assessment, only “Ultrasound examination followed/seen”
(standardized regression coefficient B=7.44; p=0.002) had a sig-
nificant influence.

The subgroup analyses of the preparation times of the theoreti-
cal and practical tests at T, are shown in Supplementary Figure 8
and Supplementary Table 10. In Practice|,t, the study group sig-
nificantly outperformed the control group regardless of preparation
time. With respect to theoretical skills, the study group achieved sig-
nificantly higher scores with a preparation time of< 10 hours, but
with preparation times of 10 to 20 hours or>20 hours, no significant
differences were observed between the groups.

Discussion

Ultrasound education is a critical component of medical training,
enabling future physicians to develop essential diagnostic and pro-
cedural skills. As medical education evolves in the digital age, the
integration of technology with innovative teaching methodologies
hasincreased inimportance. This prospective controlled interven-
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tional study was conducted to assess the effectiveness of digital
versus analog teaching resources via a blended learning/flipped
classroom approach in ultrasound education. The results show that
the study group, which utilized the e-learning module, outper-

formed the control group relying on analog lecture notes with re-
spect to various aspects.

A notable observation was that, despite a higher average age
and stronger medical background in the study group compared to
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the control group, both groups exhibited comparable basic knowl-
edge regarding the interpretation of cross-sectional images and
ultrasound. The results of the regression analysis suggest that prior
knowledge of ultrasound and related fields had no effect, implying
that the e-learning module was beneficial independent of prior ed-
ucation [21, 30, 31]. The motivation of the participants played a
crucial role in the use of the respective medium. The study group
demonstrated higher motivation during the preparation phase,
possibly attributed to the interactive and diverse nature of the
e-learning module. It is well-established that motivation strongly
influences learning outcomes, as motivated learners are often more
engaged and receptive [32,33].

The evaluation of teaching materials revealed that the study
group rated the e-learning module more positively overall than the
control group rated their analog lecture notes [6]. Particularly, as-
pects such as “design” and “optimal utilization of practical sessions
due to preparation time” received higher ratings from the study
group. These results highlight the advantages of e-learning in visual
and interactive learning, especially in an imaging field like sono-
graphy. Several studies have shown that e-learning might be an al-
ternative to classroom lectures as it offers the possibility to maxi-
mize the time spent on hands-on training and seems to be a feasi-
ble method of learning in addition to hands-on ultrasound training
[34,35].

Blended learning, combined with the flipped classroom concept,
is a dynamic educational model that capitalizes on the strengths
of both traditional and digital learning methods [7, 36-39]. This
concept applies modern pedagogical theories that suggest active
learning, engagement, and learner-centered education are vital for
effective instruction [37]. In this study, e-learning modules offered
students the opportunity for independent study before face-to-
face sessions, which ensured that students entered practical ses-
sions with solid theoretical knowledge. This in turn allowed instruc-
tors to focus on practical applications, skill refinement, and inter-
active discussions in the classroom [40]. An interesting finding in
our study was that the study group consistently performed signif-
icantly better with regard to practical skills, regardless of the prepa-
ration time. This suggests that the e-learning module effectively

enhances practical skill acquisition, emphasizing its utility in hands-
on medical training [41].

The comparison between the digital and analog teaching ma-
terials used in our study showed that there was no significant dif-
ference in terms of learning outcomes. Participants using the
e-learning achieved similar theoretical and practical competencies
as those who relied on analog materials. This suggests that well-de-
signed and integrated digital resources can effectively communi-
cate complex medical concepts. During the COVID-19 pandemic,
the flexibility of digital resources was particularly beneficial, as
e-learning materials remained accessible and suitable for remote
learning [42]. In pandemic situations, hand-held ultrasound train-
ing has also become established, not least because of the good hy-
giene of the ultrasound heads [43]. The increased satisfaction with
digital resources during the pandemic highlights their potential to
address unexpected disruptions in traditional learning environ-
ments [44,45]. Since technology cannot entirely replace tradition-
al face-to-face teaching, online instruction has the potential to
complement and enrich medical education efforts [46].

Despite the positive outcomes associated with e-learning, some
challenges and opportunities warrant consideration. While the
study demonstrated the non-inferiority of e-learning compared to
lecture notes, technology is not a one-size-fits-all solution. Learn-
ers vary in their preferences, learning styles, and comfort levels
with digital tools. Therefore, a comprehensive educational strate-
gy should incorporate a range of resources, tailored to diverse
learning preferences.

It would be beneficial to explore the effectiveness of digital re-
sources across different healthcare fields and among students at
varying levels of medical training or physicians as part of an ultra-
sound rotation in interdisciplinary ultrasound training centers or
during participation in certified courses [11,39,47]. Moreover, the
long-term retention of knowledge and skills acquired through dig-
ital learning in comparison to pure analog learning also warrants
investigation [48].

In the future, e-learning could and should be continuously de-
veloped to reflect the current state of ultrasound technology and
to include other multiparametric procedures such as “fusion” or
the use of handheld ultrasound devices [2,43]. In addition, the in-
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tegration of e-learning into clinical ultrasound training, e. g. in the
context of interdisciplinary ultrasound centers or through certified
courses, should be pursued in the future in order to meet the high
training standards recommended by professional associations even
more effectively [11,47,49,50]. This also applies to implementa-
tionin student ultrasound training, where greater standardization
could be achieved through the use of certified e-learning where ap-
propriate [13, 14,51, 52]. In addition to the development of ultra-
sound-specific skills, an improvement in visual-spatial ability,
knowledge of anatomical spatial relationships, and radiological
cross-sectional image understanding could also be achieved [53].

Limitations

The evaluation of non-inferiority was focused on immediate learn-
ing outcomes and did not address potential differences in long-
term retention or real-world clinical application of skills. The study
has a potential bias in self-reported data and the lack of a control
group receiving neither digital nor analog instruction. Another lim-
itation is the different prior experience of individual study partici-
pants. However, this had no significant effect on exam perfor-
mance, according to the regression calculation.

The scope of the teaching media was not completely the same
since videos were shown in e-learning. The random assignment of
participants to groups was only performed by semester and not
within a semester.

Furthermore, the study’s focus on undergraduate medical stu-
dents raises questions concerning the transferability of findings to
other educational levels or healthcare disciplines.

The study’s implications extend beyond ultrasound education.
As medical education continues to adapt to technological advance-
ments, there is a broader need to investigate the integration of dig-
ital resources in various medical specialties. The findings support
the incorporation of e-learning in medical curricula, especially in
blended learning pedagogy. Educators can apply digital tools to
promote active learning, enhance engagement, and provide stu-
dents with opportunities for self-paced exploration.

Furthermore, our study suggests that a blended learning ap-
proach addresses the evolving demands of modern medical edu-
cation [19]. Medical professionals are expected to be adept at uti-
lizing technology for diagnosis, patient care, and continuous learn-
ing. By integrating digital resources into medical curricula,
educational institutions contribute to the development of techno-
logically competent healthcare practitioners [54, 55]. A further lim-
itation of the study is that not all test instruments were validated.
Continued investigation is needed for a comprehensive under-
standing of the optimal implementation of online teaching. Bench-
marks must be developed to define the structure of skill assessment
alongside the curriculum. In cases of limited resources, a careful
assessment is warranted to ascertain whether online instruction
should function as the primary teaching modality or be positioned
as a complementary component to hands-on training.

Conclusion

The study provides critical insight into the effectiveness of digital
versus analog teaching resources in undergraduate ultrasound ed-
ucation within a flipped classroom model. This prospective con-

trolled study revealed that both digital and analog methods signif-
icantly enhanced students’ theoretical and practical ultrasound
skills throughout the study period. Notably, the study group, uti-
lizing digital resources, not only achieved higher scores in interme-
diate and post-course theoretical and practical examinations com-
pared to the control group but also demonstrated a significantly
better evaluation of their teaching resources and the training con-
ceptasawhole.

A particularly valuable conclusion is that the digital group was
able to achieve a similar level of preparedness for practical sessions
with a lesser investment in preparation time compared to the
analog group. This finding is of paramount importance in the con-
text of a densely packed medical curriculum, where efficient use of
timeis crucial. The ability of digital resources to provide a more ef-
ficient learning pathway without compromising educational out-
comes offers a compelling argument for their integration into med-
ical education. This efficiency, coupled with the interactive and flex-
ible nature of e-learning, likely contributed to the higher
engagement and motivation observed among learnersin the study
group. By highlighting the comparative advantages of digital learn-
ing resources, including their potential to save time while main-
taining or enhancing learning outcomes, this research supports the
shift towards more digitally integrated and adaptable learning en-
vironments in medical education.
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