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Abstract

Background: Digitalisation is transforming medical education, but its integration into ultra-
sound training remains limited. This study evaluates the needs of students and physicians
regarding digitally supported ultrasound education. Materials and Methods: A multi-year
cross-sectional study (2017–2022) employed two standardised questionnaires. The first
assessed the perceived relevance of ultrasound in medical education, the desirability of
compulsory teaching, and the integration of digital media and case-based learning. The
second explored user-centred requirements for e-learning formats, including functionality,
multimedia design, usability, interactivity, and financing, as well as current use of digital
devices and reference materials. Data were collected using dichotomous and 7-point Likert
scales (1 = high need/strong agreement, 7 = low need/weak agreement). Results: A total
of 3479 responses were analysed (2821 students; 658 physicians). Both groups showed
strong support for integrating ultrasound into curricula (1.3 ± 0.7) and mandatory educa-
tion (1.4 ± 0.9), with students expressing significantly greater support (p < 0.001). There
was broad agreement on the integration and development of digital media (1.7 ± 1.0), as
well as the use of case studies (1.4 ± 0.8), with no significant differences between groups
(p > 0.05). Case-based learning as a stand-alone format was less favoured (3.4 ± 1.9). In the
user-centred needs analysis, both groups rated features like search functions (1.4 ± 0.8),
usability (1.5 ± 0.9), and learning objective checks (2.7 ± 1.6) as important. High-quality
media (1.5 ± 0.9) and pathology explanations (1.6 ± 1.1) were also highly valued. Students
primarily relied on digital platforms, while physicians used a more varied mix of digital
platforms, guidelines, and textbooks. Conclusions: The study highlights the need for
more extensive, digitally supported ultrasound training, with a focus on functionality and
usability. Standardisation through structured certification processes should be considered
for future implementation.
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1. Introduction
Medical imaging is essential for modern clinical diagnostics, and among its modalities,

ultrasonography has become a cornerstone tool. Its advantages—real-time visualisation,
absence of ionising radiation, and direct bedside applicability—have led to its widespread
use in emergency, inpatient, and outpatient care worldwide [1,2]. Evidence demonstrates
that point-of-care ultrasound (POCUS) enhances diagnostic accuracy, accelerates decision-
making, and improves patient outcomes [3]. Given its clinical significance, ultrasound is
often referred to as the “stethoscope of the 21st century,” underlining its growing role as an
indispensable diagnostic aid for modern physicians [4].

Consequently, there is a broad consensus on the importance of early and structured
ultrasound training. Many medical schools have integrated ultrasound into preclinical and
clinical curricula, and residency programmes increasingly include formal ultrasound edu-
cation [4–6]. International societies have issued recommendations supporting systematic
ultrasound teaching [7,8]. Yet, despite this consensus, educational practice remains highly
variable, ranging from comprehensive longitudinal curricula to isolated electives or ad
hoc bedside teaching [6]. This heterogeneity is especially pertinent when considering the
opportunities and challenges of digitalisation in ultrasound education.

Medical education is undergoing a profound digital transformation, with increasing
use of e-learning platforms, virtual simulation, and blended-learning models. Reviews
consistently show that learners value usability, accessibility, and high-quality multime-
dia resources in digital education, and systematic evidence further indicates that mobile
applications can significantly enhance knowledge and skills acquisition [9–11].

Ultrasound education, however, has progressed more slowly in adopting these in-
novations [12]. While digital innovations such as e-learning modules [13,14], online case
repositories, mobile applications [15], tele-ultrasound [16], and even augmented or virtual
reality simulators [17] are increasingly available, their integration into ultrasound curricula
remains inconsistent and often limited to pilot projects or elective offerings. Consequently,
the full potential of digitalisation to expand access, standardise training, and address
resource constraints in ultrasound education remains largely unrealised [12].

Previous studies have explored various digital approaches to ultrasound education,
including e-learning modules, video-based instruction, simulation-based training, and
blended formats, demonstrating that digital tools can support conceptual and interpretive
skills while complementing hands-on practice [17–19]. Digital simulation tools have further
expanded these possibilities. Software such as Matrix Laboratory (MATLAB) enables
the modelling of ultrasound physics, including wave propagation and image formation,
as realised in the Medical Ultrasound Simulation Toolbox and the widely used Field II
Ultrasound Simulation Program. These tools illustrate how digital simulation can enhance
theoretical understanding and complement hands-on ultrasound training [20,21].

E-learning, defined as the use of digital media and the internet to deliver educational
content and improve knowledge and performance [22], has become a central component
of this digital shift. In ultrasound education, e-learning platforms can deliver core knowl-
edge (e.g., knobology, anatomy, and image interpretation) through interactive modules
that allow learners to learn at their own pace, thereby preserving supervised teaching for
hands-on practice [18,23]. Recent studies show that students who complete pre-course
e-learning perform as well, or better than, those taught exclusively through traditional
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formats [13,14,23]. Furthermore, students and residents generally express high satisfaction
with online components, citing benefits such as flexibility, the ability to revisit materials,
and the pedagogical value of multimedia content [14]. The COVID-19 pandemic further ac-
celerated the adoption of e-learning and virtual teaching platforms in ultrasound education,
underscoring their feasibility and advantages [16,24,25].

Crucially, successful, sustained implementation depends not only on technological
feasibility but also on user acceptance. The Unified Theory of Acceptance and Use of Tech-
nology (UTAUT) provides a framework for understanding how performance expectancy,
effort expectancy, and social influence shape technology adoption, and has been shown to
apply in both higher education and medical contexts [26]. These factors are particularly
relevant when integrating digital tools into ultrasound training [27]. Alongside institu-
tional curricula, students increasingly supplement their learning with third-party digital
resources which they regard as more efficient and user-friendly, despite their limited cur-
ricular integration [28]. At the same time, some learners remain cautious about extensive
digital transitions, with previous studies highlighting concerns about usability, technical
barriers, and reduced opportunities for direct interaction or hands-on instruction [29,30].
Recognising these reservations is important for understanding the diverse expectations
surrounding digital ultrasound education.

To date, no longitudinal, large-scale analysis of learner perspectives on the digital-
isation of ultrasound education has been available. There is therefore a clear need to
better understand the attitudes, preferences, and priorities of both students and physi-
cians regarding digitally supported ultrasound teaching. To address this gap, we con-
ducted a multi-year needs assessment examining (i) perceived need for and attitudes
towards digitalisation in ultrasound education, (ii) user expectations for future e-learning
tools, (iii) differences between students and physicians, and (iv) the stability of these
perspectives over the five-year study period. Together, these insights provide an ev-
idence base to guide the development of scalable and effective digitally supported
ultrasound curricula.

2. Materials and Methods
2.1. Study Design and Participants

This prospective descriptive study was carried out between 2017 and 2023 within the
context of ultrasound training courses for students and physicians. Data were collected
in Germany during certified DEGUM ultrasound courses and extracurricular student
ultrasound courses at the University Medical Centre Mainz. Two questionnaires were
employed to assess needs on both structural and user-centred levels [27,31–33]. The aim
was to systematically determine the demand for digitalisation in ultrasound education and
to identify user-specific expectations to inform future implementations.

Participants were volunteers from university-affiliated and certified ultrasound
courses. Inclusion required at least one fully completed questionnaire. The primary
endpoints were the “need for and attitudes towards digitalisation in ultrasound training”
(Questionnaire 1) and the “criteria for ultrasound e-learning tools” (Questionnaire 2). Sec-
ondary endpoints included general perceptions of ultrasound education and case-based
learning (Questionnaire 1), as well as current patterns of digital device use and teaching
media (Questionnaire 2).

2.2. Questionnaire Development

Given the evolving landscape of ultrasound instruction and increasing digital integration
in medical education, Questionnaire 1 (items listed in Table 1) was designed as a structural
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needs analysis. Based on previous surveys, it assessed perspectives on ultrasound training,
the perceived role of digital tools, and the use of case-based teaching methods.

Table 1. Items from Questionnaire 1 (Structural Needs Analysis) and Questionnaire 2 (Evaluation Form
for User-Centred Requirements Analysis/Needs Assessment). (1 = strongly agree, 7 = strongly disagree).

Main Item Subitem Scale Levels

Questionnaire 1

Attitude
Ultrasound in Medical Studies

Likert format 1–7

Ultrasound in Compulsory Teaching

Digitalisation

Integration of Digital Learning Media in
Ultrasound Teaching
Development of Digital Learning Media
Current Use of Digital Learning Media in Clinical
Practice

Case Studies/
Case-Based Learning

Integration of Case Studies in Ultrasound Teaching
Likert format 1–7Pure Case-Based Learning

Questionnaire 2

Format und Features

Search Function

Likert format 1–7Insertion of User Notes

Norm Values

Multimedia Design

High-Quality Media

Likert format 1–7
Bullet Points

Video Format

3D Simulations

Pictograms

Content Structuring

Detailed Anatomy Chapter

Likert format 1–7

Interventional Procedures

Ultrasound Artefacts chapter

Pathology Explanation

Learning Objective Checks

Instructional Tasks

Interactivity Interaction Potential Likert format 1–7

Usability
Ease of Use

Likert format 1–7
Quick Instructions

Context of Use Offline Availability

Financing Ad-Free

Use of Digital Devices

Android Smartphone

Dichotomous (“Yes”; “No”)

Apple iPhone

Android Tablet

Windows Tablet

Apple iPad

Windows Laptop

Apple MacBook
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Table 1. Cont.

Main Item Subitem Scale Levels

Use of Educational Media

AMBOSS

Dichotomous (“Yes”; “No”)

Thieme

Websites

Guidelines

Learning Apps

Textbooks

Baseline Characteristics Student or Physician

Questionnaire 2 (see Table 1), informed by the DO-ID instructional design model and
the IzELA e-learning evaluation framework [27,32,33], served as a user-centred functional
analysis. It examined digital device use and elicited requirements for future e-learning
formats, including preferred design features, multimedia elements, interactivity, usability,
application contexts, and funding models.

Both instruments were administered during ultrasound training sessions: Question-
naire 1 from 2017 to 2023 and Questionnaire 2 from 2021 to 2022. Responses were recorded
using a 7-point Likert scale (1 = strongly agree, 7 = strongly disagree) [34], alongside
dichotomous questions [35].

2.3. Data Collection and Analysis

Data collection was carried out using the survey and test tool SoSci-Survey (Version
3.4.19), along with written questionnaires and practice exam sheets. All data were stored
in Microsoft Excel (Version 16.0). Statistical analyses were performed in RStudio (RStudio
Team [2020]. RStudio: Integrated Development for R. RStudio, PBC, http://www.rstudio.
com, last accessed on 20 May 2025) with R 4.0.3 (R: A Language and Environment for
Statistical Computing, R Foundation for Statistical Computing, http://www.R-project.org;
last accessed on 20 May 2025). Where applicable, main scale scores were calculated as the
mean of the corresponding subscale scores, and internal consistency was assessed using
Cronbach’s alpha. Binary and categorical baseline variables are given as absolute numbers
and percentages. Continuous variables are presented as median with interquartile range
(IQR) or as mean with standard deviation (SD). Group comparisons for categorical variables
were performed using chi-squared tests, while continuous variables were compared using
T-tests or Mann–Whitney U tests, depending on distribution. Exploratory sensitivity
analyses were conducted to assess the temporal stability of the results by comparing item
scores across survey years and across combined year-by-group categories (students vs.
physicians). Depending on distribution, comparisons were performed using one-way
ANOVA or Kruskal–Wallis tests. p-values < 0.05 were considered statistically significant.

3. Results
3.1. Structural Needs Analysis (Questionnaire 1)
3.1.1. Group Characterisation

A total of N = 2987 datasets (n = 2576 students and n = 411 physicians) were included
in the analysis from 2017 to 2022. Supplementary Table S1 provides an overview of the
data structure. No physician datasets were available for 2017 and 2020.
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3.1.2. Results of the Structural Needs Analysis

Figure 1, Table 2, and Supplement Table S2 summarise the findings of the needs
analysis for 2017–2022. Strong overall support was expressed for the use of “ultrasound in
medical education” (1.3 ± 0.8). Both students (1.2 ± 0.6) and physicians (1.9 ± 1.3) strongly
agreed, with students showing significantly higher support (p < 0.001). A similar result
was found for the “integration of ultrasound in mandatory courses” (overall: 1.4 ± 0.8),
which was positively endorsed by both students (1.3 ± 0.8) and physicians (p < 0.01).

Figure 1. Use of devices and reference materials by physicians and students. (a) Comparison of
currently used devices; (b–g) comparison of the use of reference materials. Red dots represent the
mean value.
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Table 2. Evaluation results from the needs analysis (2017–2022) using a Likert scale (1 = strong
agreement, 7 = no agreement).

Item

Whole Group Students Physicians
p-Value

n Mean ±
SD Median n Mean

± SD Median N Mean ±
SD Median

Ultrasound in
Medical
Studies

2987 1.28 (0.76) 1 2576 1.18
(0.58) 1 411 1.89 (1.31) 1 <0.001

Ultrasound in
Compulsory
Teaching

2820 1.37 (0.85) 1 2574 1.31
(0.76) 1 246 1.93 (1.36) 1 <0.001

Current Use of
Digital
Learning Media
in Clinical
Practice

2538 2.07 (1.30) 2 2140 1.99
(1.21) 2 398 2.50 (1.60) 2 <0.001

Integration of
Digital
Learning Media
in Ultrasound
Teaching

2564 1.65 (1.00) 1 2153 1.65
(1.02) 1 411 1.66 (0.91) 1 0.152

Development
of Digital
Learning Media

2505 1.70 (1.07) 1 2155 1.72
(1.09) 1 350 1.59 (0.95) 1 0.120

Integration of
Case Studies in
Ultrasound
Teaching

954 1.43 (0.83) 1 574 1.45
(0.84) 1 380 1.41 (0.82) 1 0.514

Pure
Case-Based
Learning

568 3.43 (1.90) 3 354 3.66
(1.98) 4 214 3.05 (1.71) 3 <0.001

Both groups reported active “current use of digital teaching media in clinical prac-
tice/education” (students: 2.1 ± 1.3 vs. physicians: 2.5 ± 1.6; p < 0.001), with students
showing significantly higher usage. Both the “integration of digital teaching media in
ultrasound education” (overall: 1.7 ± 1.0) and the “further development of digital teaching
media in ultrasound education” (overall: 1.7 ± 1.1) received strong agreement, without
significant group differences (p > 0.1). The “integration of case-based learning” was highly
valued by both groups (≥1.4), with no significant differences (p = 0.51). In contrast, “pure
case-based learning” received much lower support (students: 3.7 ± 2.0 vs. physicians:
3.0 ± 1.7; p < 0.001).

Sensitivity analyses across survey years revealed significant year effects for several
items, including “ultrasound in medical studies,” “integration of ultrasound in compulsory
teaching,” and the “use and development of digital teaching media” (all p < 0.001). Other
items, such as “perceived knowledge gain” and the “scope of case-based learning”, showed
no significant variation over time (p > 0.05). Despite these fluctuations, mean values
remained within a consistently high-agreement range across all years.

3.2. User-Centred Needs Analysis (Questionnaire 2)
3.2.1. Group Characterisation

In the user-centred needs analysis (2021–2022), a total of 492 responses were analysed
(245 students, 247 physicians).
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3.2.2. Results of the User-Centred Needs Analysis

The analysis of current device usage (Figure 1 and Supplementary Table S3) showed
that smartphones were the most commonly used devices in both groups. No significant
differences were found between students and physicians in the use of Android (p = 0.16) or
iOS smartphones (p = 0.07). However, students were significantly more likely to use iPads
(35.9% vs. 24.3%; p = 0.007) and Windows tablets (6.1% vs. 1.6%; p = 0.02). No significant
differences were observed in the use of Windows laptops (37.1% vs. 33.2%; p = 0.41) or
MacBooks (22.9% vs. 19.8%; p = 0.48), although both groups used their respective first
choice systems significantly more often (p < 0.01).

The use of reference materials (Figure 2 and Supplementary Table S4) revealed more
pronounced differences between the groups. Students used AMBOSS significantly more
frequently than physicians (mean: 1.7 ± 1.4 vs. 2.7 ± 2.2; p < 0.001). Websites were also
consulted more frequently by students (mean: 2.1 ± 1.5 vs. 2.8 ± 1.0; p < 0.001). On the
other hand, physicians made significantly more use of guidelines (mean: 2.8 ± 1.8 vs.
4.3 ± 2.0; p < 0.001). Books showed a tendency towards higher usage among physicians
(mean: 2.7 ± 1.6 vs. 3.0 ± 1.8; p = 0.03). No significant differences were observed between
the groups for the use of the Thieme online library or learning apps (p = 0.26).

Figure 2. Bar plot visualisation of the current use of reference materials for physicians (a) and students
(b). A score of 1 indicates high agreement/need.
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Students tended to report using the AMBOSS platform most frequently (mean: 1.7),
followed by general websites (mean: 2.1). Physicians, in contrast, used a balanced mix of
reference books (mean: 2.7), AMBOSS (mean: 2.7), and guidelines (mean: 2.8).

Regarding format and features (see Table 3, Figures 3 and 4), both groups identified
the search function as a key requirement (mean: 1.4), with students placing significantly
more importance on this feature than physicians (1.3 vs. 1.5; p = 0.005). The ability to add
notes, by contrast, was deemed less important (mean: 3.7). Both groups rated normative
values (mean: 1.9) as relevant, with no significant differences (p = 0.60).

Table 3. Mean ratings of user-centred requirements for e-learning in ultrasound education. All items
were assessed using a 7-point Likert scale, where 1 = strongly agree and 7 = strongly disagree.

Whole Group Physicians Students
p-Value

Mean SD Median Mean SD Median Mean SD Median

Format and
Features

Search
Function 1.40 0.82 1 1.50 0.93 1 1.29 0.69 1 0.005

Insertion of
User-Notes 3.65 1.89 4 3.75 1.88 4 3.55 1.89 3 0.236

Norm Values 1.92 1.20 1 1.95 1.22 1 1.89 1.18 1 0.594

Multimedia
Design

High-Quality
Media 1.47 0.87 1 1.54 0.92 1 1.39 0.82 1 0.062

Bullet Points 2.55 1.64 2 2.46 1.54 2 2.64 1.74 2 0.237

Video Format 3.19 1.81 3 3.15 1.78 3 3.22 1.84 3 0.684

3D
Simulations 3.25 1.73 3 3.21 1.82 3 3.30 1.64 3 0.576

Pictograms 2.49 1.39 2 2.39 1.42 2 2.59 1.34 3 0.111

Content
Structuring

Detailed
Anatomy
Chapter

2.75 1.42 3 2.62 1.35 3 2.87 1.47 3 0.054

Interventional
Procedures 2.06 1.32 2 2.20 1.50 2 1.92 1.10 2 0.021

Ultrasound
Artefacts 2.68 1.50 3 2.89 1.51 3 2.48 1.47 2 0.002

Pathology
Explanation 1.63 1.05 1 1.48 0.90 1 1.78 1.17 1 0.001

Check of
Learning

Objectives
2.71 1.63 3 3.12 1.74 3 2.29 1.40 2 <0.001

Instructional
Tasks 2.35 1.41 2 2.66 1.51 2 2.04 1.22 2 <0.001

Interactivity Interaction
Potential 2.62 1.50 3 2.57 1.48 2 2.67 1.53 3 0.467

Usability

Ease of Use 1.46 0.85 1 1.55 0.99 1 1.37 0.69 1 0.017

Quick
Instructions 2.68 1.53 3 2.94 1.59 3 2.41 1.43 2 <0.001

Context of
Use

Offline
Availability 2.11 1.53 1 2.09 1.50 1 2.12 1.55 1 0.809

Financing Ad-free 1.78 1.37 1 1.85 1.45 1 1.71 1.29 1 0.259
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Figure 3. Boxplot visualisation of the user-centred needs analysis for digital teaching media, shown
separately for physicians (a) and students (b). Ratings are based on a 7-point Likert scale, where 1
indicates strong agreement and higher perceived need. Red dots represent mean values.

https://doi.org/10.3390/app16010071

https://doi.org/10.3390/app16010071


Appl. Sci. 2026, 16, 71 11 of 19

Figure 4. Stacked bar plot visualisation of the user-centred requirements analysis for digital teaching
media, shown separately for physicians (a) and students (b). Bars represent the distribution of
responses across the 7-point Likert scale, where 1 indicates strong agreement and higher perceived
relevance. Higher proportions of lower scale values correspond to stronger user preference for the
respective feature.
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In the area of multimedia design, the demand for high-quality media was emphasised
(mean: 1.47), with students rating this slightly higher (1.4 vs. 1.5; p = 0.06). Video formats
(mean: 3.2) and 3D simulations (mean: 3.3) were considered much less important, while
bullet points (mean: 2.6) and pictograms (mean: 2.5) attracted moderate interest, with no
significant group differences.

Regarding content structuring, several focal points were identified. Pathology expla-
nations were rated as particularly important by both groups (mean: 1.6), with students
showing a significantly higher demand (1.8 vs. 1.48; p = 0.001). Intervention procedures
(mean: 2.1) and instructional tasks (mean: 2.4) were also of high interest, particularly
among students (p = 0.02 and p < 0.001, respectively). Physicians, however, rated a detailed
anatomy chapter (mean: 2.6 vs. 2.9; p = 0.05) and a chapter on acoustic artefacts (mean:
2.9 vs. 2.5; p = 0.002) as more important. Learning assessments were generally given mod-
erate importance (mean: 2.71), though students significantly emphasised their inclusion
(2.3 vs. 3.1; p < 0.001).

The need for interactivity was rated moderately overall (mean 2.6), with no significant
differences between groups (p = 0.47).

In terms of usability, ease of use was a central criterion (mean 1.5), with students again
assigning it a significantly higher priority (1.4 vs. 1.6; p = 0.02). A short user guide was also
considered relevant (mean 2.7), with a stronger preference among students (2.4 vs. 2.9; p < 0.001).

For the context of use, both groups similarly emphasised the need for offline avail-
ability (mean 2.1; p = 0.81). Regarding funding, both groups agreed on the importance of
ad-free platforms (mean 1.8), with no significant differences (p = 0.26).

4. Discussion
4.1. Relevance and Key Findings

Ultrasound has become indispensable in modern clinical practice, yet training re-
mains heterogeneous and resource intensive. Digitalisation offers a unique opportunity
to address these challenges by providing scalable, standardised, and flexible teaching
formats [12]. By shifting theoretical content to digital platforms and reserving in-person ses-
sions for hands-on practice, digital tools can enhance efficiency and improve comparability
across institutions.

Our multi-year needs assessment shows persistently high acceptance of integrating
ultrasound into medical education, particularly via digital formats, among both students
and physicians. This aligns with prior reviews of digital medical education and ultrasound
teaching, and with controlled and randomised studies reporting at least comparable learn-
ing outcomes and high acceptance for e-learning [10–12,36,37]. Notably, the results show
that this is not a short-lived trend, but rather a sustained demand across different learner
groups. Digital formats are now seen as essential components of ultrasound education
rather than optional supplements.

4.2. Digital Ultrasound Education: A Long-Term Demand

Both students and physicians consistently endorsed integrating ultrasound education
into standard curricula and rated digital formats as helpful for mastering theoretical
content. While our data do not establish a formal time trend, the pattern indicates sustained
high acceptance, aligning with prior reviews and controlled studies that demonstrate
comparable effectiveness and strong acceptance of e-learning in clinical education [6,38].
This underscores the need for structured and consistent digital ultrasound education.

Beyond the overall acceptance of digital formats, one specific finding of our study
requires further contextualisation: the comparatively low favourability of pure case-based
learning. This finding may reflect the well-described limitations of case-based formats
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when applied in isolation, especially in procedural fields such as ultrasound. Prior work has
shown that although case-based learning effectively promotes diagnostic reasoning, learn-
ers frequently perceive it as insufficient for acquiring psychomotor and image-acquisition
skills, which require guided hands-on practice [39]. Against this backdrop, hybrid models
that combine digital case modules with structured in-person scanning sessions represent
a promising alternative. Such blended formats leverage the strengths of case-based rea-
soning while ensuring the practical skill development that learners consider essential for
ultrasound training [40]. In this sense, the observed “long-term demand” reflects the
ongoing institutionalisation of digitally supported ultrasound teaching within blended
curricula [18].

The exploratory sensitivity analyses across survey years revealed some variation in
individual item ratings; however, these fluctuations did not alter the overarching pattern
of strong agreement regarding the relevance of ultrasound education and the value of
digital learning media. Year-to-year differences may reflect contextual factors, such as
curricular developments or broader shifts in digital teaching during the study period, but
the consistently high mean ratings across all years indicate that the identified needs were
stable over time. This suggests that the overall conclusions of the needs assessment are
robust despite temporal variation.

Although the study period overlapped with the COVID-19 pandemic, which tem-
porarily accelerated the adoption of digital teaching formats, the consistently high support
for digitalisation across all survey years indicates that the demand for digital ultrasound
education exceeds pandemic-related influences and likely reflects a persistent structural
gap in the integration of digital formats.

The consistently high agreement regarding the integration of ultrasound training into
undergraduate and postgraduate education further supports this approach and underlines
the relevance of structured teaching concepts. These findings are also broadly aligned with
international ultrasound education standards. The European Federation of Societies for
Ultrasound in Medicine and Biology (EFSUMB) emphasises structured, modular curricula
and recommends blended learning approaches in which digital preparation complements
supervised hands-on training [8]. Although our study focused on attitudes toward digital
teaching rather than practical skills, the strong and stable support for digital resources in
our cohort aligns with these principles and highlights the potential role of digital tools as
preparatory or complementary elements within comprehensive ultrasound curricula.

4.3. Offline Accessibility: A Critical Feature

One crucial feature highlighted by both student and physician groups is the demand
for offline availability of digital learning resources. Previous systematic reviews have
shown that offline digital education can be effective in medical training and may serve as
an essential complement in contexts with limited internet access [41]. Given the heterogene-
ity of devices (Android/iOS/Windows), a web-first approach with robust offline caching
(downloadable modules, prefetching of slides/videos) can minimise platform-specific
development while maintaining accessibility. This balances technical feasibility with user
needs, recognising that intermittent connectivity remains common in many training en-
vironments. In short, offline capability should be treated as a core requirement, not an
optional add-on [41].

4.4. Different Use of Learning Resources: Age and Experience Matter

Students reported more frequent use of digital platforms, consistent with their focus
on building foundational knowledge [28], whereas physicians relied more heavily on
textbooks and clinical guidelines to support decision-making in daily practice [42].
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These patterns align with the Unified Theory of Acceptance and Use of Technology
(UTAUT), where effort expectancy (usability, interactivity) tends to be more salient for
students and performance expectancy (clinical applicability) for physicians [26]. Recog-
nising these emphases helps tailor content depth and examples without altering the core
platform design.

4.5. Mobile Devices and Their Role in Learning

Although smartphones are nearly universal, respondents primarily used them for
quick look-ups and micro-learning, reserving laptops/desktops for sustained, in-depth
study—consistent with higher-education evidence [43–45]. Meta-analytic data nevertheless
indicate that well-designed mobile apps can improve knowledge and skills in medical
education [15]. Accordingly, ultrasound e-learning should be optimised for laptop/desktop
use (deep study), complemented by a responsive mobile experience for rapid search and
concise media [45].

4.6. Minimal Differences in Needs Between Groups

Despite differing contexts of use, the core requirements converged across cohorts:
powerful search, intuitive usability, clear organisation, and high-quality multimedia were
consistently top-ranked, in line with reviews of digital medical education [9]. These findings
support the development of universal, well-designed platforms that serve heterogeneous
learner groups while offering optional adaptivity (such as pretests or selectable difficulty
levels) to accommodate subgroup preferences [15,46]. The comparatively low ratings
for video-based and 3D elements may reflect limited prior exposure and the perceived
cognitive load associated with complex multimedia formats. Previous work suggests that
when engaging with digital materials, learners tend to prioritise clarity, structure, and
direct applicability over more elaborate visualisations [47,48].

4.7. Emerging Technologies and Future Perspectives

Beyond traditional e-learning formats, emerging technologies such as tele-ultrasound,
augmented and virtual reality, and simulator-based training hold promise for further ad-
vancing digital ultrasound education [38]. These tools may enhance interactivity, facilitate
remote mentorship, and improve skill transfer. However, their integration requires rigorous
evaluation, cost–benefit analyses, and alignment with established didactic principles.

To ensure that such innovations remain sustainable and responsive to evolving learner
needs, future development may also benefit from applying structured frameworks such
as ADDIE [49]. Its iterative cycle—analysis, design, development, implementation, and
evaluation—provides a systematic approach for integrating technical requirements (includ-
ing offline accessibility and cross-platform compatibility) with continuous user feedback
and outcome assessment.

4.8. Sustainability and Resource Considerations

The implementation of digital tools is not only a question of pedagogical design but
also of sustainable financing and maintenance [50]. Institutions differ widely in licences
and technical infrastructure, which can exacerbate inequalities in access. Moreover, infras-
tructure constraints and variable faculty capability frequently hinder effective adoption;
even high-quality materials require regular updates and platform maintenance to remain
current. Addressing these challenges will require investment in IT resources, connectivity,
and dedicated instructional support, including protected time for faculty development.

Finally, digital ultrasound learning lacks uniform quality benchmarks and certification
pathways. To align learning milestones with quality assurance, the field requires society-
led core objectives, standardised digital modules, and objective assessments embedded in
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certification frameworks—an approach implicitly endorsed by our users when emphasising
organisation, transparency, and reliable evaluation [50].

4.9. Strengths and Limitations

A major strength of this study is the large sample size, comprising almost 3000 par-
ticipants from both students and physician cohorts over several years. Another strength
lies in its multidimensional approach: by combining a structural needs analysis with a
user-centred assessment, the study captures both systemic and individual perspectives.
Furthermore, the development of the questionnaires was guided by established theoretical
frameworks such as UTAUT, enhancing the validity of the findings.

Nevertheless, several limitations must be acknowledged. Selection bias is possible, as
digitally inclined participants may have been more likely to respond, and pandemic-related
digital fatigue may have influenced attitudes toward certain formats. The study’s regional
scope—all participants were recruited from German-speaking university and clinical train-
ing environments—may limit generalisability to other educational systems, languages, and
health-care infrastructures, particularly in low-resource settings where access, curricular
structure, and resources differ. Data are based on self-reported preferences and needs rather
than objective measurements of learning success or competency acquisition. Additionally,
detailed information on specialty, clinical experience, and age was insufficient to allow
meaningful subgroup analyses, preventing exploration of potential differences between
specialties or experience levels.

The study period was limited to 2017–2023, as surveys were administered only during
this timeframe; data collection ended in 2023 due to curricular restructuring and the
transition to updated digital learning formats. Finally, the study focused on perceived
demand rather than on the actual effectiveness, cost-effectiveness, scalability, or institutional
feasibility of digital learning tools. These aspects are crucial for practical integration into
curricula and for informing policy decisions at the faculty and national levels. Future
research should prospectively collect demographic and specialty data, evaluate learning
outcomes, and explore economic and implementation considerations to support sustainable
and standardised digital ultrasound education across diverse health-care systems.

4.10. Future Perspectives

To improve the transferability of our findings to diverse contexts, several adaptable
strategies should be considered. These include designing low-bandwidth, offline-capable
e-learning modules for regions with limited internet access; using platform-independent
and cost-neutral formats to reduce barriers in low-resource settings; and structuring con-
tent modularly to facilitate translation and cultural adaptation for non-German-speaking
regions. Aligning digital materials with international ultrasound education frameworks
may further support their applicability across different educational systems. Future stud-
ies should incorporate follow-up surveys after the implementation of digital ultrasound
tools to assess sustained use, satisfaction, and real-world engagement. Such longitudinal
data would help to bridge the gap between stated preferences and actual user behaviour,
providing a more comprehensive understanding of long-term acceptance and usability.

Beyond survey-based needs assessments, future work could integrate advances in
explainable learning analytics, such as knowledge-tracing models grounded in cognitive
learning theory, to model individual learning trajectories and adapt digital ultrasound
training accordingly [51]. Concurrently, rapid developments in robotic ultrasound path
planning and dynamic contact-force regulation illustrates how automation may reshape
ultrasound practice and underscore the importance of robust foundational training in
image interpretation and probe handling [52].
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5. Conclusions
In conclusion, this study highlights the growing demand for digital ultrasound training

and its clear implications for curriculum development in medical education. The integration
of digital resources emerges as a critical factor in facilitating learning across diverse medical
contexts. While students and physicians differ in their preferred educational tools, their
core requirements—functionality, usability, and high-quality content—are largely shared.
The challenge for developers and educators is to design flexible, scalable, and accessible
digital learning tools that meet these needs and support widespread adoption of ultrasound
education across the medical community. In future, the establishment of standardised
approaches to digital ultrasound education will be essential to ensure that digital ultrasound
resources are both effective and universally available.
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