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Abstract
Background: Residents in pediatric endocrinology subspecialty units encounter diverse educational scenarios spanning
theory, skills, and attitudes; yet, brief residencies frequently limit their exposure to certain clinical cases. Research in medical
education demonstrates that e-learning can address such challenges efficiently. We implemented a blended learning model
grounded in the Kolb learning cycle that uses structured, case-based e-learning.
Objective: We aimed to evaluate the utility and usability of blended learning using a novel e-learning tool.
Methods: We used a problem-solving approach and used the physical separation of case-based e-learning (interactive,
patient scenario–based online modules) and theoretical content delivery as the educational model for residents in a pediatric
endocrinology and diabetology unit. Residents worked asynchronously (on their own time, not simultaneously with others)
on clinical scenarios and completed formative assessments (practice tests designed to provide feedback for learning rather
than grades) with immediate feedback using a flipped classroom teaching method, in which students review material before
group instruction. In addition, all cases could be discussed with specialists during face-to-face learning opportunities through
a blended learning approach that combines online and in-person elements. We evaluated Kirkpatrick level 1 (reaction, how
participants respond to training) and level 2 (learning, measured as an increase in knowledge or capability) outcomes using the
postgraduate Medical E-learning Evaluation Survey (MEES) and the User Experience Questionnaire (UEQ), which assesses
users’ perceptions of e-learning platforms.
Results: Questionnaires from 12 pediatric residents and 1 questionnaire from a fourth-year medical student were evaluated.
The main strengths identified were the tool’s support for applying content to daily clinical work (12/13, 92% users), provision
of timely summaries (n=9, 69% users), access to reliable information sources (n=9, 69% users), and immediate feedback on
responses (n=8, 62% users). Key weaknesses included device compatibility for e-learning (n=5, 38% users), limited content
personalization (n=4, 31% users), and a lack of a navigation aid (n=4, 31% users). No significant functional issues were
reported. The UEQ evaluation showed that dependability received the lowest rating, while attractiveness and stimulation
received the highest rating.
Conclusions: Our e-learning proposal provides a practical way to apply theoretical knowledge through interactive clinical
cases. Evaluations show that users are highly motivated to engage with e-learning, highlighting our tool’s adaptability
and effectiveness for postgraduate medical education in pediatric endocrinology. Identifying strengths and weaknesses will

JMIR FORMATIVE RESEARCH Hrasnica et al

https://formative.jmir.org/2026/1/e89064 JMIR Form Res 2026 | vol. 10 | e89064 | p. 1
(page number not for citation purposes)

https://formative.jmir.org/2026/1/e89064


guide future improvements. Evaluating various aspects of e-learning remains crucial, as these aspects can affect learning
outcomes. However, more longitudinal evaluations of e-learning are necessary to achieve a comprehensive understanding of its
effectiveness.
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Introduction
Learning involves acquiring knowledge, skills, and attitudes
through a dynamic, multifaceted process influenced by
motivation, context, and community. These factors shape
personal learning styles and behavioral, psychological, and
cognitive steps [1].

Theoretical knowledge is a foundational element of
Miller’s pyramid of clinical competency [2]. However, it is
the practical application of this knowledge and the develop-
ment of clinical skills that truly lead to clinical competency.
This hands-on experience is essential, and its importance
cannot be understated in our rapidly evolving work context
and with the emergence of AI interference.

Postgraduate medical education, a phase during which
long-term, evidence-based practical knowledge, clinical
skills, and professional attitudes are acquired, is a significant
part of a medical professional’s journey. In this context,
Kolb’s experiential learning model [3], which describes an
integrated process consisting of 4 stages (concrete experience,
reflective observation, abstract conceptualization, and active
experimentation), is particularly relevant. Its alignment with
the characteristics of adult learning makes it highly applicable
to medical education.

Not all clinical situations can be experienced during
short-term residencies (3-6 months) in specialties such
as pediatric endocrinology. Problem-based and case-based
formats effectively support applied learning and knowledge
acquisition in medical education [4]. This aligns with the
principle of storytelling in higher education, where struc-
tured narratives help medical residents connect theory and
practice and reflect on their reasoning and decision-making
processes [5]. E-learning offers a complementary opportunity
for asynchronous blended learning [6-8].

E-learning can be defined as “an approach to teaching and
learning, representing all or part of the educational model
applied, that is based on the use of electronic media and
devices as tools for improving access to training, communi-
cation, and interaction that facilitates the adoption of new
knowledge, skills, and/or behavior and attitude” [9]. Internet-
based medical education has quickly become an essential tool
[6,10-12]. The instructional design of e-learning models can
be classified into four categories [13]: (1) serious gaming,
which uses game-like simulations to teach medical concepts;
(2) virtual reality, which provides immersive experiences for
medical training; (3) simulation, which replicates real-world
medical scenarios for practice; and (4) e-learning aimed at
theoretical knowledge, which focuses on delivering theoreti-
cal medical knowledge. Additionally, the use of animated

pedagogical agents (APAs) is described as an effective and
useful component of instructional design [14,15].

There is also a need to consider the learning environments
in which learners evolve, as these environments influence
learning effectiveness and motivation. The expectancy-value
model states that learners’ engagement and persistence in
an activity depend on their confidence in succeeding and
the value they attribute to a task, weighed against per-
ceived costs, such as effort and stress [16]. The level of
cognitive engagement in an activity can be described using
the Interactive, Constructive, Active, and Passive (ICAP)
framework, which categorizes engagement from passive to
interactive and links higher engagement to deeper learning
[17]. AI is increasingly used in clinical settings as a “knowl-
edge finder.” However, using AI for passive research cannot
replace engaged, active learning models such as e-learning,
and its contribution to the learning cycle remains unclear [18,
19].

Evaluating medical e-learning is a complex, heterogene-
ous process. Most studies focus on Kirkpatrick levels for
evaluating learning outcomes [13]. The 4 levels are reaction
(level 1), learning (level 2), behavior (level 3), and results
(level 4) [20]. In their systematic review, de Leeuw et al
[13] emphasize the importance and necessity of including
instructional design in the evaluation process. This complex-
ity underscores the need for a comprehensive assessment of
medical e-learning.

For our pilot study, we aimed to develop and evaluate the
usability of an e-learning tool in a blended learning envi-
ronment during a short-term clinical internship in a spe-
cialty medical environment. It includes structured case-based
e-learning courses based on the European Training Curricu-
lum in Pediatric Endocrinology and Diabetes of the European
Society for Paediatric Endocrinology (ESPE) [21], comple-
mented by a theoretical knowledge platform, and face-to-face
learning approaches during clinical work. Our pilot study may
serve as a basis for the development of future e-learning tools.
It also tackles the issue of problem-oriented learning during
short-term residencies in clinical subspecialties for medical
residents.

Our hypothesis is that the e-learning tool will be per-
ceived by residents as motivating, usable, and educationally
effective. Positive user experience (eg, usability, efficiency,
and stimulation) will be positively associated with motivation
and negatively associated with perceived barriers.
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Methods
Overview
A freely accessible, dedicated knowledge-sharing website,
including a link to the e-learning website, was designed
by the Lausanne University Hospital audiovisual commu-
nication and creation service. We used the user-friendly
Moodle (Moodle Pty Ltd) learning management system
at Lausanne University Hospital to build and implement
the pediatric endocrinology e-learning platform [22]. This
e-learning platform required log-in and personal registration.
The 2021 Pediatric Endocrinology syllabus [21], published by
the ESPE, served as the foundation for the chapter struc-
ture, the selection of topics addressed through the e-learning
platform, and the formulation of specific learning objec-
tives. Macro objectives encompass broader aspects, includ-
ing general knowledge of the subject, identification of red
flags, and patient management, among other competencies.
Micro-objectives are specific to individual clinical cases and
correspond to objectives that can be achieved by completing
the interactive activities on the e-learning platform. Regarding
the clinical cases, we used data from real patients, for whom
consent and/or parental consent for data collection had been
obtained previously at Lausanne University Hospital.

We used the open source HTML5 package (H5P; D2L Inc)
[23] module integrated into the Moodle platform to trans-
form clinical situations into structured interactive content,
including comprehensive learning objectives, reactivation
of prior knowledge, current history, prior history, fami-
lial history, physical examination, additional examinations,
therapeutic interventions, and key messages with links to an
openly accessible content-sharing website named “Pedlaus”
[24]. In addition, the e-learning platform can be accessed
directly from the Pedlaus website. The instructional design of
our e-learning tool was guided by evidence-based princi-
ples of multimedia learning, incorporating signaling of key
elements, integration of text and visuals, learner control,
and immediate formative feedback [25]. It also incorporates
problem-based learning through interactive clinical cases.
All clinical cases and content were meticulously written
and rigorously validated by the medical staff of the Pedia-
tric Endocrinology, Diabetes, and Obesity Unit at Lausanne
University Hospital. Additionally, we created a user guide to
help learners navigate the platform.

We evaluated our e-learning tool using the postgraduate
Medical E-learning Evaluation Survey (MEES) developed by
de Leeuw et al [26] and the User Experience Questionnaire
(UEQ) developed by Schrepp et al [27]. These instruments
enabled us to assess Kirkpatrick level 1 and part of level 2.
As we completed a formative assessment of our e-learning
tool, we did not evaluate the achievement of the learning
objectives.

The MEES aims to determine the usefulness, understand-
ability, and added value of postgraduate medical e-learning
modules such as ours. The questionnaire assesses 5 domains
using a single 10-point Likert scale: motivators, barriers,
learning enhancers, learning discouragers, and real-world

translators. As each construct was measured with 1 item,
internal consistency reliability statistics such as Cronbach α
were not applicable.

The strengths of e-learning are assessed through the
motivators, learning enhancers, and real-world translators
domains. The weaknesses are assessed through the barriers
and learning discouragers domains. Users could also add their
comments to each assessed domain [26].

The UEQ can be used to evaluate the user experiences
with interactive online products. The questionnaire comprises
26 items that quantitatively evaluate 6 categories: attractive-
ness, perspicuity, efficiency, dependability, stimulation, and
novelty. The results are represented on a 7-point Likert
scale, ranging from “–3” to “+3” and including a moderate
or neutral midpoint. Values between –0.8 and 0.8 represent
a neutral evaluation. If values are >0.8, it is a positive
evaluation; if they are <−0.8, it is a negative evaluation.
We then proceeded to a descriptive analysis of the results
using the calculations recommended by the authors, including
Cronbach α [27]. The latter serves as a measure of scale
consistency and reliability. A scale is generally considered
acceptable if Cronbach α is ≥0.7. Finally, the results were
compared with the UEQ benchmark, which is updated
annually and includes data from 452 UEQ product evalua-
tions (N=20,190 participants) [28].

We evaluated our e-learning tool in a blended learn-
ing environment, combining asynchronous self-directed
e-learning with optional face-to-face discussions with senior
specialists.

Our pilot study followed the Guidelines and Checklist for
the Reporting on Digital Health Implementations (iCHECK-
DH) [29] (Checklist 1).

Ethical Considerations
This study was conducted in accordance with the Declara-
tion of Helsinki. According to institutional regulations of
the Lausanne University Hospital Ethics Committee, formal
ethics committee approval was not required for this type
of educational research. The study involved an educational
evaluation of an e-learning tool and did not include direct
patient involvement. Medical residents participated voluntar-
ily, and informed consent was obtained. For clinical case
creation, written informed consent for the use of anonymized
medical imaging and laboratory data for medical educa-
tion was obtained from patients and/or legally authorized
representatives.

Results
Overview
A total of 27 clinical cases, based on real patients, were
developed based on the macro objectives of each chap-
ter, including relevant issues of general knowledge of the
subject (physiopathology and clinical implications), as well
as specific clinical, laboratory, and imaging learning points.
A total of 13 participants (n=12, 92% medical residents and
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n=1, 8% fourth-year medical student) tested the e-learn-
ing tool and completed the 2 questionnaires. Multimedia
Appendix 1 shows several screenshots of the e-learning tool,
offering a general overview.
User Experience Questionnaire
All 6 UEQ categories were positively evaluated. Attrac-
tiveness (mean 2.064, SD 0.672) and stimulation (mean
1.827, SD 0.949) were the highest-rated categories, whereas
dependability was the lowest-rated category (mean 1.115, SD
0.740; Figure 1).

Among the 26 items, 23 received a positive evaluation,
and 3 received a neutral one: creative or dull (mean 0.8, SD
1.6), unpredictable or predictable (mean 0.5, SD 0.9), and fast
or slow (mean 0.5, SD 1.6). Figure 2 presents the benchmark
comparison. Table 1 shows the CIs for each category. Table
2 presents the reliability coefficients for each scale’s category
(Cronbach α). The scales for attractiveness, stimulation,
perspicuity, and efficiency demonstrated acceptable reliabil-
ity, with Cronbach α >0.7. In contrast, dependability and
novelty showed lower reliability, with Cronbach α <0.7.

Figure 1. Mean scores and variance for each evaluated category of the User Experience Questionnaire reported by the 13 participants (12 medical
residents and 1 medical student) in the formative evaluation of the pediatric endocrinology e-learning tool. Values between –0.8 and 0.8 indicate a
neutral evaluation, values >0.8 indicate a positive evaluation, and values <–0.8 indicate a negative evaluation.

Figure 2. Benchmark comparison of the User Experience Questionnaire results for our e-learning module. “Excellent” indicates that the result for the
evaluated product is in the range of the 10% best results, “good” indicates that 10% of the results in the benchmark dataset are better than the result
for the evaluated product and 75% of the results are worse, “above average” indicates that 25% of the results in the benchmark dataset are better and
50% of the results are worse, “below average” indicates that 50% of the results in the benchmark dataset are better and 25% of the results are worse,
and “bad” indicates that the result for the evaluated product is in the range of the 25% worst results.
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Table 1. Mean User Experience Questionnaire domain scores, SDs, and CIs (P=.05 per scale) among the 13 participants (12 medical residents and 1
medical student) in the formative evaluation of the pediatric endocrinology e-learning tool.
Domains Values, mean (SD; 95% CI) 95% CI margin
Attractiveness 2.064 (0.672; 1.699-2.429) 0.365
Perspicuity 1.635 (0.950; 1.118-2.151) 0.516
Efficiency 1.321 (0.837; 0.866-1.775) 0.455
Dependability 1.115 (0.740; 0.713-1.518) 0.402
Stimulation 1.827 (0.949; 1.311-2.343) 0.516
Novelty 1.327 (0.717; 0.937-1.717) 0.390

Table 2. Cronbach α coefficients for internal consistency of multi-item scales for the User Experience Questionnaire (UEQ) among 13 participants
(12 medical residents and 1 medical student) in the formative evaluation of the pediatric endocrinology e-learning toola.
UEQ domains Cronbach α (5% CI)
Attractiveness 0.85 (0.62 to 0.94)
Perspicuity 0.74 (0.32 to 0.90)
Efficiency 0.74 (0.33 to 0.90)
Dependability 0.40b (−0.58 to 0.77)
Stimulation 0.85 (0.62 to 0.94)
Novelty 0.51 (−0.27 to 0.82)

aα values ≥0.7 are generally considered acceptable.
bThe lower Cronbach α for dependability may be due to the small sample size and the multidimensional nature of the construct.

Postgraduate MEES
The average score for each evaluated domain is represented in
Multimedia Appendix 2. In addition to rating each domain,
users selected specific items corresponding to motivators,
barriers, learning enhancers, and other categories. The most
frequently selected items and comments are illustrated in
Textbox 1, along with items that were not chosen. Motivation,
learning enhancers, and real-world translation were all highly
rated (Multimedia Appendix 2), highlighting several strengths
of the e-learning tool. Motivation has a mean evaluation of
8 out of 10, learning enhancers 8.08 out of 10, and real-
world translation 8 out of 10. Out of 11 motivators, 4 (36%)
were selected by more than half of the users (Textbox 1;

motivators 1, 5, 8, and 9). Similarly, 4 out of the 8 learn-
ing enhancers (Textbox 1; enhancers 1, 5, 6, and 7) and 3
out of the 4 real-world translators (Textbox 1; translators
1, 2, and 3) were selected by more than half of the users.
Among the categories assessing weaknesses, barriers received
a slightly more negative overall evaluation, with a score of
3.23 out of 10, than 2.69 out of 10 for learning limitations
(Multimedia Appendix 2). However, none of the barriers or
learning discouragers were selected by more than half of
the users (Textbox 1). The medical student’s responses were
aligned with those of the medical residents in the real-world
translation domain.

Textbox 1. Medical E-learning Evaluation Survey items selected by at least 50% (n=7) or none of the 13 participants (12
medical residents and 1 medical student) in the formative evaluation of the pediatric endocrinology e-learning tool.

Motivators
• Item 1: “I felt this e-learning was important.” (n=7, 54%)
• Item 5: “The e-learning objectives (for each educational section) were clear to me.” (n=7, 54%)
• Item 8: “I felt comfortable with the quality/truthfulness of the content.” (n=7, 54%)
• Item 9: “I was able to do this e-learning unforced.” (n=7, 54%)
• Item 2: “I felt it was my responsibility to do this e-learning.” (n=6, 46%)
• Item 6: “There was a clear overview of all content.” (n=6, 46%)
• Item 10: “I felt taken seriously as an adult learning.” (n=6, 46%)
• Item 4: “I had a good understanding of the general purpose of the e-learning.” (n=5, 39%)
• Item 11: “The e-learning was aimed at my level of experience.” (n=5, 39%)
• Comment 1: “Clarity of the summaries.”

Barriers
• Item 1: “I was not able to create my own learning path to my own needs.” (n=4, 31%)
• Item 5: “There was no instrument to help me navigate the e-learning (for example a sitemap).” (n=4, 31%)
• Item 6: “I had worries about the security and safety of the e-learning, regarding my personal information.” (n=4, 31%)
• Item 2: “The e-learning was not easily accessible at my location or with my device.” (n=2, 15%)
• Item 8: “I did not know which devices the e-learning was compatible with and I might have used the wrong one.”

(n=2, 15%)
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• Item 7: “The e-learning was slow and took too long to load.” (n=0, 0%)
• Item 9: “The e-learning was too long.” (n=0, 0%)
• Comment 2: “Chapter headings with different fonts and sizes make reading/navigation unclear initially.”
• Comment 3: “Variety of materials offered (video, PowerPoints) make it difficult to find one’s way around; too long

videos can be discouraging.”
Learning enhancers

• Item 5: “The e-learning provided summaries when needed.” (n=9, 69%)
• Item 6: “The e-learning provided feedback on my answers.” (n=8, 62%)
• Item 1: “I could personalize the e-learning (for example by saving and continuing, filling out questionnaires and

getting my personal score, etc).” (n=7, 54%)
• Item 7: “There were exercises and/or assignments in the e-learning.” (n=7, 54%)
• Item 2: “I could create my own learning path, and was not forced to follow the directed path (for example by skipping

parts or returning to previous sections if needed).” (n=6, 46%)
• Item 8: “I could interact with the content of the e-learning (for example questions, exercises or other interactivities).”

(n=6, 46%)
• Comment 4: “The sidebar is useful, but it is difficult to know if it is necessary to follow a particular order or not.”

Learning discouragers
• Item 2: “The content was not able to adapt to my device when needed (for example, the e-learning should work on

mobile device, but the icons were too small for that).” (n=5, 39%)
• Item 1: “I got stressed or frustrated by the e-learning for any reason.” (n=3, 23%)
• Item 3: “The e-learning design and visuals were too distracting for me.” (n=0, 0%)
• Comment 5: “Is it necessary to follow the order?”
• Comment 6: “Mix of different materials difficult, long videos.”
• Comment 7: “Not always adapted to my level of paramedical training.”

Real-world translators
• Item 1: “The e-learning content and examples are translatable to my daily real-world work.” (n=12, 92%)
• Item 3: “The e-learning provided sources for the information which were also accessible after finishing it.” (n=9,

69%)
• Item 2: “The e-learning seems up-to-date and maintained.” (n=8, 62%)
• Item 4: “Besides this questionnaire, the e-learning was evaluated on topics like user experience, effectiveness,

usability and/or costs.” (n=0, 0%)
• Comment 8: “Visible dates and references lack in order to know if it’s updated.”

Discussion
Principal Findings
This formative pilot study evaluated the utility and usability
of a novel blended e-learning tool. The tool received an
overall positive evaluation. Purposefully designed for users,
it marks a shift from traditional, teacher-centered methods
to interactive, problem-based, student-centered learning [30].
Our e-learning tool follows Kolb learning cycle (Figure
3). Medical residents complete interactive clinical cases on
the platform (concrete experience), discuss and reflect with
experienced clinicians (reflective observation), apply acquired
knowledge during clinical activities (active experimentation),
and conduct literature research to deepen their understanding
or create clinical cases (abstract conceptualization). To further
engage the Kolb cycle and enhance learning, learners could
be invited to create e-learning content in the future (Figure 3).
According to Miller pyramid, this leads to the “Performance”
and “Action” levels, the end points of the learning process
[2]. During e-learning sessions, residents worked asynchro-
nously on clinical scenarios and formative assessments,
receiving immediate feedback through a flipped classroom
teaching method. Residents were also encouraged to discuss

cases with the specialists who authored them during face-
to-face learning, thereby forming a blended learning style.
The observed outcomes likely reflect the combined effect of
the e-learning tool and expert support; results may differ in
fully self-directed settings. Our study supports adult learning
theory [31] through the presentation of clinical situations to
self-directed, motivated learners, as well as Kolb experiential
learning model [3] and Piaget theory of cognitive develop-
ment [32], fostering active experimentation and new learning
rather than focusing solely on learning outcomes.

On the basis of the responses and evaluations from
both questionnaires (MEES and UEQ), we identified several
elements that are important to users in an e-learning
environment. Aspects such as purpose, content accuracy, an
appropriate level of difficulty, a sense of importance, and
seriousness all contributed to increased motivation. Insisting
on these aspects when presenting an e-learning tool appears
crucial for motivating users. Learning enhancers, such as
providing key learning messages, are crucial for boosting
learning. Interactivity in e-learning was also rated highly by
users. We recommend adding these enhancers when creating
an e-learning tool.
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Figure 3. Mapping of Kolb cycle features for medical e-learning. Concrete experience: medical residents complete interactive clinical cases on
the e-learning platform, reflective observation: discussion and clinical reasoning with experienced clinicians, active experimentation: application of
newly acquired knowledge during clinical activity, and abstract conceptualization: further knowledge acquisition and clinical case creation. Created
in BioRender [33].

Another identified strength is feedback during face-to-face
interactions between learners and experienced clinicians.
Vallée et al [8] recently conducted a systematic review and
meta-analysis of 56 studies (N=9943) showing significantly
better knowledge outcomes for blended learning (standar-
dized mean difference 1.07, 95% CI 0.85-1.28) than for
traditional learning in health education. In another study
conducted during the COVID-19 pandemic, Frenck et al [34]
reported that high-quality online platforms can effectively
replace traditional lectures, but the development of clinical
skills and professional identity requires immersive face-to-
face or team-based instruction.

Finally, our content and examples were considered
translatable to users’ daily work. This validates the ESPE
syllabus as the basis for topic selection. Having up-to-date,
accessible content sources is essential for creating applicable
material that supports daily work needs.

We observed some variability in users’ responses across
both questionnaires, with some users holding opposing
opinions. Some users identified the inability to create their
own learning path as a barrier, whereas most users selected
personalization of e-learning as a learning enhancer (Textbox
1). Dependability received the lowest rating (UEQ), assessing
users’ feelings of control, security, and predictability when

using the e-learning platform. There was no apparent
connection between negative responses on the UEQ and
users’ feedback on the MEES. One explanation could be the
user guide; 4 (31%) users cited a lack of navigation tools
as a barrier (Textbox 1). Among these, only 1 rated expect-
ations and security negatively, while positively assessing
predictability. The user guide may have been unclear or
complicated to access, contributing to feelings of insecurity
and unpredictability. Comments in the MEES highlighted
uncertainty about the order in which the e-learning mod-
ules should be completed, supporting this idea (comments
4 and 5 in Textbox 1). The variability in user responses
to the e-learning platform may stem from differing lev-
els of e-learning experience, which affect expectations and
perceptions of novelty and creativity. Furthermore, Cronbach
α values for the dependability and novelty scales were <0.7.
This may reflect the small number of items per subscale and
weaker interitem correlations, suggesting more heterogeneous
perceptions of these constructs among participants.

Additionally, there was no clear relationship between
users’ evaluations and the barriers identified in the MEES.
This indicates that prior e-learning experiences and personal
expectations likely shape users’ assessments. For future
evaluations, it is important to consider users’ previous
experiences to better understand their impact on learning
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outcomes and to provide clear instructions that may reduce
feelings of insecurity. In our project, although a user guide
was available, not all participants accessed it. To address this,
we uploaded the guide to the knowledge-sharing website [35],
enabling 24/7 access before use of the e-learning platform.

Addressing concerns about personal information security
is also important and will help enhance trust in the platform.
Our e-learning platform was designed to work on comput-
ers, tablets, and smartphones. However, it seemed computers
and tablets were the most suitable devices. We do not have
user data specifying the exact reasons (eg, responsive design
issues). Further adapting e-learning for mobile devices could
be an attractive solution. Although most users did not identify
weaknesses, we recognize areas for improvement to enhance
platform functionality and the user experience. These will be
addressed in future projects.

Compared to other e-learning solutions, such as AMBOSS
[36], which is subscription-based, our platform is freely
accessible to all pediatric residents and students at Lausanne
University Hospital. The United States Medical Licensing
Examination e-learning platform offers practice clinical
cases, but its approach is specific to that examination [37].
The ESPE also provides an e-learning platform that is
freely accessed [38]. It combines theoretical knowledge and
interactive clinical cases. However, it does not integrate the
specificities of local clinical care. One key advantage of our
solution, especially compared to AI-based approaches, is that
the content is created directly by tutors based on real cases.
Residents can discuss these cases in detail, enabling a more
personalized approach.
Limitations
As pediatric endocrinology is a specialized subspecialty with
limited staffing, fewer residents were available to test our
e-learning tool, resulting in a smaller sample size for our
study. We acknowledge this as a significant limitation. This
also partly explains the width of our CIs (Table 1), as
these are influenced by sample size. However, our sample
of users represents the entire cohort available at the time.
Different challenges were encountered regarding the creation
of the e-learning tool (eg, time constraints related to the
development of e-learning cases and the time required for
learning). These barriers, along with their potential solutions,
are summarized in Multimedia Appendix 3.
Conclusions
Our approach addresses the challenge of imparting spe-
cific knowledge that should be retained, remembered, and

effectively interpreted throughout the postgraduate learning
phase, while accounting for differences in learning styles and
approaches in individual learning processes.

Our results support that e-learning combined with personal
feedback can be an effective format for blended learn-
ing. Furthermore, our study emphasizes the importance of
incorporating key messages, feedback, real-world applica-
tions (eg, clinical cases), interactivity, and customizable
content into an e-learning tool. Additionally, maintaining
up-to-date content is crucial for ensuring reliable information.

Further development of e-learning is encouraged,
particularly for subspecialties with short residency periods,
as our study has proven it to be a valuable tool. Having
content developed and validated by senior specialists ensures
tutor-validated material that can be discussed directly with
experts, providing added educational value and supporting
the development of clinical skills and professional iden-
tity. We highly recommend that learners actively contribute
to the creation of e-learning tools (eg, clinical cases), as
this supports sustainable e-learning environments. Evaluating
user experience, motivators, and barriers is deemed essen-
tial before focusing on learning outcomes, as these factors
significantly shape the learning process. Although we did
not have the opportunity to include APAs in our e-learning
tool, they might be another useful addition, as they have
been shown to be effective [14,15]. We also encourage the
use of the MEES questionnaire for further evaluation of
and comparison among instructional designs, as it proved
to be a valuable and practical tool for evaluating e-learn-
ing in medical education. MEES assessed Kirkpatrick level
1 (reaction) and part of level 2 (learning), focusing on
motivators and barriers to measure reactions, while the UEQ
evaluated attractiveness and stimulation (Kirkpatrick level 1).
Although our pilot study did not directly measure acquired
knowledge, the MEES examined factors that enhance or
hinder the learning process. The next step would be to
measure the impact on clinical practice.

Additionally, more longitudinal evaluations are needed to
assess Kirkpatrick levels 3 and 4 to achieve a comprehensive
understanding of the effectiveness of e-learning and blended
learning, as most existing studies focus on levels 1 and 2 [39].
Although these evaluations require more resources and time,
they should be prioritized by faculties and university hospitals
to enhance education and ultimately improve patient care.

Acknowledgments
The authors used the generative AI tool Grammarly (Superhuman Platform Inc) to refine, correct, edit, and format the
manuscript and to improve language clarity.
Funding
The authors received no financial support for this research.

JMIR FORMATIVE RESEARCH Hrasnica et al

https://formative.jmir.org/2026/1/e89064 JMIR Form Res 2026 | vol. 10 | e89064 | p. 8
(page number not for citation purposes)

https://formative.jmir.org/2026/1/e89064


Data Availability
The datasets generated and analyzed in this study are not publicly available due to the small number of participants but are
available from the corresponding author on reasonable request.
Conflicts of Interest
None declared.
Multimedia Appendix 1
Overview of the e-learning platform.
[PDF File (Adobe File), 436 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Mean evaluation scores for each domain of the Medical E-learning Evaluation Survey reported by the 13 participants (12
medical residents and 1 medical student) in the formative evaluation of the pediatric endocrinology e-learning tool.
[PDF File (Adobe File), 239 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Barriers and solutions for the implementation of e-learning.
[PDF File (Adobe File), 76 KB-Multimedia Appendix 3]

Checklist 1
iCHECK-DH checklist.
[PDF File (Adobe File), 134 KB-Checklist 1]
References
1. Taylor DC, Hamdy H. Adult learning theories: implications for learning and teaching in medical education: AMEE guide

no. 83. Med Teach. Nov 2013;35(11):e1561-e1572. [doi: 10.3109/0142159X.2013.828153] [Medline: 24004029]
2. Miller GE. The assessment of clinical skills/competence/performance. Acad Med. Sep 1990;65(9 Suppl):S63-S67. [doi:

10.1097/00001888-199009000-00045] [Medline: 2400509]
3. Kolb DA. Experiential Learning: Experience as the Source of Learning and Development. Prentice-Hall; 1984.
4. Fuerholzer K, Schochow M, Peter R, Steger F. Medical students’ acquaintance with core concepts, institutions and

guidelines on good scientific practice: a pre- and post-questionnaire survey. Sci Eng Ethics. Jun 2020;26(3):1827-1845.
[doi: 10.1007/s11948-020-00215-3] [Medline: 32297134]

5. Alterio M, McDrury J. Learning Through Storytelling in Higher Education: Using Reflection and Experience to Improve
Learning. Routledge; 2003. [doi: 10.4324/9780203416655]

6. Ruiz JG, Mintzer MJ, Leipzig RM. The impact of e-learning in medical education. Acad Med. Mar 2006;81(3):207-212.
[doi: 10.1097/00001888-200603000-00002] [Medline: 16501260]

7. Wittich CM, Agrawal A, Cook DA, et al. E-learning in graduate medical education: survey of residency program
directors. BMC Med Educ. Jul 11, 2017;17(1):114. [doi: 10.1186/s12909-017-0953-9] [Medline: 28697744]

8. Vallée A, Blacher J, Cariou A, Sorbets E. Blended learning compared to traditional learning in medical education:
systematic review and meta-analysis. J Med Internet Res. Aug 10, 2020;22(8):e16504. [doi: 10.2196/16504] [Medline:
32773378]

9. Sangrà A, Vlachopoulos D, Cabrera N. Building an inclusive definition for e-learning: an approach to its conceptual
framework. Int Rev Res Open Dis Learn. 2012;13(2):145. [doi: 10.19173/irrodl.v13i2.1161]

10. Prensky M. Digital natives, digital immigrants part 1. On Horizon. 2001;9(5):1-6. [doi: 10.1108/10748120110424816]
11. Chumley-Jones HS, Dobbie A, Alford CL. Web-based learning: sound educational method or hype? A review of the

evaluation literature. Acad Med. Oct 2002;77(10 Suppl):S86-S93. [doi: 10.1097/00001888-200210001-00028] [Medline:
12377715]

12. Guze PA. Using technology to meet the challenges of medical education. Trans Am Clin Climatol Assoc.
2015;126:260-270. [Medline: 26330687]

13. de Leeuw R, de Soet A, van der Horst S, Walsh K, Westerman M, Scheele F. How we evaluate postgraduate medical e-
learning: systematic review. JMIR Med Educ. Apr 5, 2019;5(1):e13128. [doi: 10.2196/13128] [Medline: 30950805]

14. Carlotto T, Jaques PA. The effects of animated pedagogical agents in an English-as-a-foreign-language learning
environment. Int J Hum Comput Stud. Nov 2016;95:15-26. [doi: 10.1016/j.ijhcs.2016.06.001]

15. Dinçer S, Doğanay A. The effects of multiple-pedagogical agents on learners’ academic success, motivation, and
cognitive load. Comput Educ. Aug 2017;111:74-100. [doi: 10.1016/j.compedu.2017.04.005]

JMIR FORMATIVE RESEARCH Hrasnica et al

https://formative.jmir.org/2026/1/e89064 JMIR Form Res 2026 | vol. 10 | e89064 | p. 9
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=formative_v10i1e89064_app1.pdf
https://jmir.org/api/download?alt_name=formative_v10i1e89064_app1.pdf
https://jmir.org/api/download?alt_name=formative_v10i1e89064_app2.pdf
https://jmir.org/api/download?alt_name=formative_v10i1e89064_app2.pdf
https://jmir.org/api/download?alt_name=formative_v10i1e89064_app3.pdf
https://jmir.org/api/download?alt_name=formative_v10i1e89064_app3.pdf
https://jmir.org/api/download?alt_name=formative_v10i1e89064_app4.pdf
https://jmir.org/api/download?alt_name=formative_v10i1e89064_app4.pdf
https://doi.org/10.3109/0142159X.2013.828153
http://www.ncbi.nlm.nih.gov/pubmed/24004029
https://doi.org/10.1097/00001888-199009000-00045
http://www.ncbi.nlm.nih.gov/pubmed/2400509
https://doi.org/10.1007/s11948-020-00215-3
http://www.ncbi.nlm.nih.gov/pubmed/32297134
https://doi.org/10.4324/9780203416655
https://doi.org/10.1097/00001888-200603000-00002
http://www.ncbi.nlm.nih.gov/pubmed/16501260
https://doi.org/10.1186/s12909-017-0953-9
http://www.ncbi.nlm.nih.gov/pubmed/28697744
https://doi.org/10.2196/16504
http://www.ncbi.nlm.nih.gov/pubmed/32773378
https://doi.org/10.19173/irrodl.v13i2.1161
https://doi.org/10.1108/10748120110424816
https://doi.org/10.1097/00001888-200210001-00028
http://www.ncbi.nlm.nih.gov/pubmed/12377715
http://www.ncbi.nlm.nih.gov/pubmed/26330687
https://doi.org/10.2196/13128
http://www.ncbi.nlm.nih.gov/pubmed/30950805
https://doi.org/10.1016/j.ijhcs.2016.06.001
https://doi.org/10.1016/j.compedu.2017.04.005
https://formative.jmir.org/2026/1/e89064


16. Eccles JS, Wigfield A. Motivational beliefs, values, and goals. Annu Rev Psychol. 2002;53:109-132. [doi: 10.1146/
annurev.psych.53.100901.135153] [Medline: 11752481]

17. Chi MT, Wylie R. The ICAP framework: linking cognitive engagement to active learning outcomes. Educ Psychol. Oct
2014;49(4):219-243. [doi: 10.1080/00461520.2014.965823]

18. Zheng L, Xiao Y. Refining AI perspectives: assessing the impact of AI curricular on medical students’ attitudes towards
artificial intelligence. BMC Med Educ. Jul 25, 2025;25(1):1115. [doi: 10.1186/s12909-025-07669-8] [Medline:
40713579]

19. Sallam M. ChatGPT utility in healthcare education, research, and practice: systematic review on the promising
perspectives and valid concerns. Healthcare (Basel). Mar 19, 2023;11(6):887. [doi: 10.3390/healthcare11060887]
[Medline: 36981544]

20. Kirkpatrick DL. Seven keys to unlock the four levels of evaluation. Perform Improv. Aug 2006;45(7):5-8. [doi: 10.1002/
pfi.2006.4930450702]

21. European training requirements in paediatric endocrinology. European Society for Paediatric Endocrinology. URL: https:
//www.eurospe.org/education/european-training-syllabus/syllabus-tracker/ [Accessed 2024-10-13]

22. eFormation CHUV. URL: https://eformation.chuv.ch/ [Accessed 2022-11-18]
23. H5P. URL: https://h5p.org/ [Accessed 2022-05-05]
24. PEDLAUS. URL: http://www.pedlaus.ch/ [Accessed 2022-04-29]
25. Clark RC, Mayer RE. e-Learning and the Science of Instruction: Proven Guidelines for Consumers and Designers of

Multimedia Learning. 4th ed. John Wiley & Sons; 2016. [doi: 10.1002/9781119239086]
26. de Leeuw RA, Westerman M, Walsh K, Scheele F. Development of an instructional design evaluation survey for

postgraduate medical e-learning: content validation study. J Med Internet Res. Aug 9, 2019;21(8):e13921. [doi: 10.2196/
13921] [Medline: 31400102]

27. User Experience Questionnaire (UEQ). URL: https://www.ueq-online.org/ [Accessed 2022-05-06]
28. Naccache B, Mesquida L, Raynaud JP, Revet A. Smartphone application for adolescents with anorexia nervosa: an initial

acceptability and user experience evaluation. BMC Psychiatry. Sep 25, 2021;21(1):467. [doi: 10.1186/s12888-021-
03478-7] [Medline: 34563166]

29. Perrin Franck C, Babington-Ashaye A, Dietrich D, et al. iCHECK-DH: guidelines and checklist for the reporting on
digital health implementations. J Med Internet Res. May 10, 2023;25:e46694. [doi: 10.2196/46694] [Medline: 37163336]

30. Samarakoon L, Fernando T, Rodrigo C. Learning styles and approaches to learning among medical undergraduates and
postgraduates. BMC Med Educ. Mar 25, 2013;13:42. [doi: 10.1186/1472-6920-13-42] [Medline: 23521845]

31. Reed S, Shell R, Kassis K, et al. Applying adult learning practices in medical education. Curr Probl Pediatr Adolesc
Health Care. Jul 2014;44(6):170-181. [doi: 10.1016/j.cppeds.2014.01.008] [Medline: 24981666]

32. Bovet M. Piaget’s theory of cognitive development and individual differences. In: Inhelder B, Chipman HH, Zwingmann
C, editors. Piaget and His School. Springer; 1976:269-279. [doi: 10.1007/978-3-642-46323-5_20]

33. Hauschild M. Mapping of Kolb's cycle features for medical e-learning. BioRender. URL: https://BioRender.com/
p17yrv8 [Accessed 2026-07-16]

34. Frenk J, Chen LC, Chandran L, et al. Challenges and opportunities for educating health professionals after the
COVID-19 pandemic. Lancet. Oct 29, 2022;400(10362):1539-1556. [doi: 10.1016/S0140-6736(22)02092-X] [Medline:
36522209]

35. Guide utilisation elearning PEDLAUS. PEDLAUS. URL: https://www.pedlaus.ch/detail/fiche/guide-utilisation-
elearning-pedlaus [Accessed 2023-12-22]

36. AMBOSS. URL: https://www.amboss.com/us [Accessed 2023-12-13]
37. Prepare for your exam. USMLE. URL: https://www.usmle.org/prepare-your-exam [Accessed 2023-12-21]
38. Ng SM, de Beaufort C, Becker D, Wolfsdorf JI. A global e-learning initiative for pediatric diabetes and endocrinology:

introduction and description. Pediatr Diabetes. Jun 2021;22(4):692-694. [doi: 10.1111/pedi.13214] [Medline: 33904237]
39. Stemp JD, Ghosh D, Khan UR, Boyd JH. The role of evaluation methods in health-related e-learning: a rapid review.

OLJ. 2022;26(4). [doi: 10.24059/olj.v26i4.3115]

Abbreviations
APA: animated pedagogical agent
ESPE: European Society for Paediatric Endocrinology
H5P: HTML5 package
ICAP: Interactive, Constructive, Active, and Passive
iCHECK-DH: Guidelines and Checklist for the Reporting on Digital Health Implementations
MEES: Medical E-learning Evaluation Survey

JMIR FORMATIVE RESEARCH Hrasnica et al

https://formative.jmir.org/2026/1/e89064 JMIR Form Res 2026 | vol. 10 | e89064 | p. 10
(page number not for citation purposes)

https://doi.org/10.1146/annurev.psych.53.100901.135153
https://doi.org/10.1146/annurev.psych.53.100901.135153
http://www.ncbi.nlm.nih.gov/pubmed/11752481
https://doi.org/10.1080/00461520.2014.965823
https://doi.org/10.1186/s12909-025-07669-8
http://www.ncbi.nlm.nih.gov/pubmed/40713579
https://doi.org/10.3390/healthcare11060887
http://www.ncbi.nlm.nih.gov/pubmed/36981544
https://doi.org/10.1002/pfi.2006.4930450702
https://doi.org/10.1002/pfi.2006.4930450702
https://www.eurospe.org/education/european-training-syllabus/syllabus-tracker/
https://www.eurospe.org/education/european-training-syllabus/syllabus-tracker/
https://eformation.chuv.ch/
https://h5p.org/
http://www.pedlaus.ch/
https://doi.org/10.1002/9781119239086
https://doi.org/10.2196/13921
https://doi.org/10.2196/13921
http://www.ncbi.nlm.nih.gov/pubmed/31400102
https://www.ueq-online.org/
https://doi.org/10.1186/s12888-021-03478-7
https://doi.org/10.1186/s12888-021-03478-7
http://www.ncbi.nlm.nih.gov/pubmed/34563166
https://doi.org/10.2196/46694
http://www.ncbi.nlm.nih.gov/pubmed/37163336
https://doi.org/10.1186/1472-6920-13-42
http://www.ncbi.nlm.nih.gov/pubmed/23521845
https://doi.org/10.1016/j.cppeds.2014.01.008
http://www.ncbi.nlm.nih.gov/pubmed/24981666
https://doi.org/10.1007/978-3-642-46323-5_20
https://BioRender.com/p17yrv8
https://BioRender.com/p17yrv8
https://doi.org/10.1016/S0140-6736(22)02092-X
http://www.ncbi.nlm.nih.gov/pubmed/36522209
https://www.pedlaus.ch/detail/fiche/guide-utilisation-elearning-pedlaus
https://www.pedlaus.ch/detail/fiche/guide-utilisation-elearning-pedlaus
https://www.amboss.com/us
https://www.usmle.org/prepare-your-exam
https://doi.org/10.1111/pedi.13214
http://www.ncbi.nlm.nih.gov/pubmed/33904237
https://doi.org/10.24059/olj.v26i4.3115
https://formative.jmir.org/2026/1/e89064


UEQ: User Experience Questionnaire

Edited by Amaryllis Mavragani; peer-reviewed by Maik Walpuski, Urooj Saleem; submitted 07.Dec.2025; final revised
version received 06.May.2026; accepted 09.May.2026; published 21.Jul.2026

Please cite as:
Hrasnica F, Pitteloud S, Jacot J, Antoniou MC, Ruiz-Arana IL, Bouthors T, Busiah K, Stoppa-Vaucher S, Hauschild M
Development and Usability Evaluation of an E-Learning Tool for Blended Learning in Pediatric Endocrinology: Formative
Pilot Study
JMIR Form Res 2026;10:e89064
URL: https://formative.jmir.org/2026/1/e89064
doi: 10.2196/89064

© Farah Hrasnica, Sophie Pitteloud, Jessica Jacot, Maria Christina Antoniou, Inge-Lore Ruiz-Arana, Thérèse Bouthors,
Kanetee Busiah, Sophie Stoppa-Vaucher, Michael Hauschild. Originally published in JMIR Formative Research (https://
formative.jmir.org), 21.Jul.2026. This is an open-access article distributed under the terms of the Creative Commons Attri-
bution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Formative Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://formative.jmir.org, as well as this copyright and license
information must be included.

JMIR FORMATIVE RESEARCH Hrasnica et al

https://formative.jmir.org/2026/1/e89064 JMIR Form Res 2026 | vol. 10 | e89064 | p. 11
(page number not for citation purposes)

https://formative.jmir.org/2026/1/e89064
https://doi.org/10.2196/89064
https://formative.jmir.org
https://formative.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://formative.jmir.org
https://formative.jmir.org/2026/1/e89064

	Development and Usability Evaluation of an E-Learning Tool for Blended Learning in Pediatric Endocrinology: Formative Pilot Study
	Introduction
	Methods
	Overview
	Ethical Considerations

	Results
	Overview
	User Experience Questionnaire
	Postgraduate MEES

	Discussion
	Principal Findings
	Limitations
	Conclusions



