Zhao et al. BMC Medical Education (2024) 24:1289
https://doi.org/10.1186/512909-024-06271-8

BMC Medical Education

The evolution of medical education in the era

Check for
updates

of Covid-19 and beyond: a longitudinal study

Yinan Zhao'?", Tianyi Sun®', Xinyue Zhang*, Xinyi Wang® and Wenyu Hu®

Abstract

and resources within academic institutions.

Background The COVID-19 pandemic has brought about profound transformations in nearly all aspects of life,
leaving its impact on the global community as a whole. Nowhere has this transformation been more pronounced
than in the sphere of education, including medical education. Healthcare professionals and educators faced the
daunting task of preparing the next generation of practicing physicians amid the ongoing public health crisis.

Methods The study involved students from three different Chinese medical universities (groups A, B, and C,
respectively). The research employed two instruments: a Scale of Satisfaction with Simulation-Based Education and

a Scale of Satisfaction with Telemedicine Competency Education. Data were collected at three different time points:
2020-2021 (online/distance learning), 2021-2022 (hybrid learning), and 2022-2023 (traditional face-to-face learning).

Results It was revealed that students demonstrated the highest level of satisfaction during the hybrid learning
period (Time Point 2), while online/distance learning (Time Point 1) received the lowest ratings. Statistical analysis
indicated significant differences in satisfaction levels across the various time points.

Conclusions Hybrid learning emerged as the preferred method among students, yielding the highest level of
satisfaction. Online/distance learning during the 2020-2021 academic year and traditional face-to-face instruction in
2022-2023 exhibited lower satisfaction levels. The research findings underscore the practical significance of hybrid
learning for students in medical educational programs, suggesting its potential for optimizing educational curricula
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Background
The COVID-19 (Coronavirus Disease 2019) pandemic
has brought about profound transformations in nearly
all aspects of life, leaving its impact on the global com-
munity as a whole. Nowhere has this transformation
been more pronounced than in the sphere of education,
including medical education [1]. In a world where tradi-
tional norms and daily routines were disrupted, health-
care professionals and educators faced the daunting task
of preparing the next generation of practicing physicians
amid the ongoing public health crisis [2].

As the pandemic continued to evolve, a novel model
of medical education emerged, driven by necessity,
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innovation, and the utilization of technology, before
delving deeper into the transformation catalyzed by the
COVID-19 pandemic [3]. It is crucial, however, to under-
stand the traditional approach to medical education, as
medical training, often considered one of the most rigor-
ous and structured educational programs, has been built
upon personal hands-on experience [4]. The traditional
model focused on in-person learning, highlighting the
importance of bedside manners, personal interaction,
and practical skills vital for medical practice. While mod-
ern medical education incorporates certain digital tools
and resources, in-person learning remains its corner-
stone [5].

The COVID-19 pandemic wave presented an unprece-
dented challenge to medical education, as the traditional
in-person learning model became unfeasible amidst
quarantine measures and social distancing protocols
[6]. Medical educational institutions were compelled
to swiftly adapt to ensure the safety of students, faculty,
and patients. The necessity to mitigate the virus’s spread
while maintaining the continuity of medical education
led to the rapid evolution of teaching methods [7]. Dis-
tance learning and online education emerged as immedi-
ate solutions, with lectures that were once conducted in
physical classrooms transitioning to virtual platforms [8].
Clinical rotations and hands-on experience were tempo-
rarily suspended and replaced by virtual patient encoun-
ters and simulation-based learning [9]. The pandemic
accelerated the adoption of technology and distance
learning in medical educational institutions, prompting
innovations that were previously unimaginable [10-12].

As the world emerges from the grip of the pandemic,
medical education stands at a crossroads. The lessons
drawn from the crisis have ushered in a revolution in
the training of future physicians, and medical education
in the post-pandemic era is no longer rigidly defined by
adherence to tradition. Instead, it incorporates a hybrid
approach, utilizing both in-person and distance learning.
Medical educational institutions now have the oppor-
tunity to blend the advantages of in-person instruc-
tion with the flexibility of digital resources. This article
holds contemporary relevance as it delves into the pro-
found impact of the COVID-19 pandemic on medical
education, a critical component of healthcare system
development. Its practical significance lies in providing
educators, institutions, and policymakers with insights
into successful adaptation to distance learning and the
integration of new technologies into medical education.
From a scholarly perspective, this contributes to the
growing body of knowledge on innovative approaches
to medical education, which are essential for shaping
healthcare in a post-pandemic world.
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Literature review

The COVID-19 pandemic has presented unprecedented
challenges for medical education, necessitating the rapid
adaptation of teaching methods, curricula, and technolo-
gies [13]. One of the most significant transformations
has been the shift from traditional in-person instruction
to virtual learning [14]. Existing research highlights the
rapid transition to digital platforms and their impact,
emphasizing the need for both educators and students to
adapt in order to maintain an engaging and effective edu-
cational experience [8, 15]. Importantly, the flexibility in
implementing online learning is emphasized, reiterating
the practical challenges faced by educators and students
during the pandemic [16].

Virtual learning in medical education offers both
advantages and limitations. In the study [17], it is dis-
cussed how digital platforms can facilitate collaborative
learning and provide students with greater autonomy
in their education, while also potentially complicating
the learning process. In 2020, scholars emphasized the
critical importance of assessing the extent to which new
approaches achieve their intended goals and identifying
the factors that promote or hinder effective online learn-
ing. This assessment is crucial for implementing the most
suitable systems once the pandemic subsides [17].

The integration of simulation and technology into
medical education has gained prominence following the
pandemic. Simulation-based learning allows students to
practice clinical skills and make decisions in a controlled
environment [18]. The study [19] discusses the increased
interest in virtual patient encounters and the use of aug-
mented and virtual reality to provide realistic clinical
experiences for students. These tools can be valuable in
bridging the gap between traditional hands-on training
and distance learning, offering learners the opportunity
to develop essential skills in a safe and controlled setting
[19, 20]. Similarly, other studies underscore the effective-
ness of simulation-based learning in medical education,
highlighting its ability to enhance procedural skills, diag-
nostic reasoning, and teamwork [21, 22].

The pandemic accelerated the adoption of various edu-
cational technologies, which continue to be relevant in
post-pandemic medical education by preparing students
for real clinical settings [23]. Among these technolo-
gies, telemedicine has gained significant importance for
both patient care and medical education [24]. It presents
unique challenges and opportunities, such as enabling
remote diagnosis and patient management, which are
increasingly essential in modern healthcare [25]. As tele-
medicine becomes a fundamental component of health-
care, medical education must adapt to this evolving
landscape. This adaptation is crucial not only for training
future physicians but also reflects the broader evolution
of the healthcare system in the post-pandemic era [26].
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Distance learning in medical education presents both
challenges and opportunities [8]. On one hand, it facili-
tated educational continuity during the crisis, allow-
ing students to access lectures from the comfort of their
homes, ensuring an uninterrupted flow of knowledge.
Virtual platforms fostered collaborative learning, tran-
scended geographical barriers, and enabled students to
interact with peers and instructors [27]. However, it also
raised critical questions, such as whether the essence of
medical education, rooted in direct patient interactions
and clinical skills, can be effectively conveyed through
digital platforms. Additionally, it poses challenges in how
educators will ensure that students acquire the neces-
sary practical experience and interpersonal skills that are
integral to the medical profession [28]. Medical universi-
ties have begun exploring novel methods for simulating
clinical experience, offering virtual patient interactions,
and utilizing augmented and virtual reality for practical
training [29]. While these technologies have not entirely
replaced in-person clinical exposure, they have provided
a viable temporary solution. They allow students to prac-
tice critical skills, enhance diagnostic thinking, develop
efficient learning approaches, and practice patient com-
munication in a virtual environment [15].

Maintaining a balance between in-person and online
learning, ensuring the acquisition of essential clinical
skills, and adapting to the evolving healthcare landscape
remain persistent challenges [30]. The available litera-
ture highlights the ever-evolving character of medical
education amid and following the COVID-19 pandemic.
Despite apparent challenges, opportunities are also evi-
dent. The use of distance/online learning, simulation,
and telemedicine education represents significant strides
in shaping the future of medical education and holds
scientific interest for further investigation. The current
study addresses several significant gaps in the existing
literature on student satisfaction with various teach-
ing methods during the pandemic. This longitudinal
research design allows for a more nuanced reflection
of the dynamic nature of the pandemic and its impact
on students’ perceptions of different teaching methods.
Unlike cross-sectional studies that collect data at a single
point in time, this research analyzes student satisfaction
at three distinct time points, providing a more compre-
hensive understanding of changes and adaptations in
teaching. Special attention is given to the characteris-
tics of the studied population, comprising students from
three different Chinese medical universities, which helps
to account for cultural and institutional differences in the
perception of teaching methods. Additionally, the study
emphasizes the integration of simulation-based learn-
ing (SBL) and telemedicine, highlighting the importance
of these methods in enhancing student engagement and
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improving their educational experience in both virtual
and in-person learning environments.

Research objectives

This article presents the findings of a longitudinal study
involving 240 medical students, which can offer valu-
able insights into the adaptation and evolution of medical
education during the COVID-19 era and the post-pan-
demic period. This is explained by the fact that it exam-
ines student satisfaction with various teaching methods
during the pandemic, and the data obtained can assist
educational institutions in identifying the most effec-
tive methods and adapting their programs to improve
the quality of education. The study aims to deepen the
understanding of how medical students perceive different
forms of education. It covers fully online/distance learn-
ing during the 2020-2021 academic year, hybrid learn-
ing during the 2021-2022 academic year, and traditional
in-person learning during the 2022-2023 academic year.
Specifically, it investigates how these forms of education
impacted students’ satisfaction with simulation-based
learning and the development of telemedicine compe-
tencies. The research entailed the following investigative
objectives:

1. To determine the satisfaction levels of medical
students with simulation-based learning at three
different time points, contingent on the mode of
instruction in each academic year, and to check for
statistically significant differences in the indicators.

2. To ascertain the satisfaction levels of medical
students with telemedicine competence education at
three different time points, contingent on the mode
of instruction in each academic year, and to check for
statistically significant differences in the indicators.

Methods

Study design

This study employs a longitudinal design, encompass-
ing three measurement time points: May 2021 (online/
distance learning), May 2022 (hybrid learning), and May
2023 (in-person learning). The study involved students
from three Chinese medical universities (Groups A, B,
and C, respectively). Every year since the beginning of
the pandemic, students from three Chinese universities
have started practicing simulation-based learning and
acquiring telemedicine competencies. These two pro-
grams were introduced in response to the pandemic and
its impact, as well as the new challenges that emerged
for the teachers, students, and university administra-
tion. On average, the expected frequency and duration of
various interventions were identical: all types of sessions
(online/distance, hybrid, and traditional in-person) were
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conducted three times per week, with each session last-
ing 1.5 h.

In Fig. 1, a program is depicted that was utilized for
instructional purposes based on simulation in medi-
cal education across three distinct modes of instruction:
online distance learning, hybrid learning, and tradi-
tional face-to-face learning. This program considered the
unique characteristics and strengths of each mode, pro-
viding flexibility and adaptability to various learning con-
ditions while concurrently maximizing the advantages
of simulation-based learning in medical education. Fig-
ure 2 presents a schematic representation of competency
acquisition and development in the field of telemedicine,

and interact with them remotely.

*Online Discussion Forums: creatin;
modelling options, share ideas, an
instructors.

reflect on the results of the modelling.

*Virtual Patient Modeling: the implementation of virtual patient cases through
software platforms simulating encounters with real patients. Students gain access

online forums where students discuss
pose questions to fellow students and

* Remote Debriefing Sessions: conducting video conferences to analyze and
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applicable to online/distance learning, hybrid learning,
and traditional face-to-face learning. This program also
recognized the necessity for adaptability and proposed
measures and methods tailored to each mode of instruc-
tion, ensuring that learners can effectively acquire and
cultivate telemedicine skills.

Simulation-based medical education entailed an
instructional approach that involved the use of simula-
tion to replicate real clinical scenarios, patient interac-
tions, and medical procedures, enabling medical students
to practice and refine their clinical skills and make deci-
sions in a controlled and safe environment without put-
ting real patients at risk. Various tools were utilized,

1mmediate feedback.

adapt to the hybrid model.

Hybrid learning

- Partially Virtual Simulations: a combination of virtual and in-person
simulations to create a hybrid learning process, utilizing in-person sessions for
ractical skill development and virtual sessions for complex scenarios with

- Flipped Classroom: before the in-person sessions, students were required to
provide materials for preliminary modelling and virtual scenarios that they had to
complete independently. During the in-person sessions, the main focus was on
applying skills and summarizing the outcomes.

- Hybrid Review Sessions: both online and in-person platforms for review to

feedback and practical experience.

location.

Traditional face-to-face learning

*Patient Encounter Simulation: using high-quality mannequins or standardized
patients for realistic personal simulation, providing students with immediate

+Skills Development Lab Workshops: in-person laboratory sessions for hands-on
practical learning in various medical aspects.

eIn-person Summary Conclusion Sessions:
participation, where students and instructors are physically present in the same

group sessions with verbal

Fig. 1 Features of simulation-based learning in medical education across three different learning modes
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Online/distance learning

*Telemedicine Modules: interactive online modules covering the fundamentals of
telehealth, legal and ethical aspects, as well as technology knowledge, video
demonstrations, and self-assessment tests.

*Virtual Patient Consultations: telemedicine platforms for simulating patient
consultations, where students remotely interact with standardized patients to
practice communication and clinical skills.

*Discussion Forums: online discussion forums where students can share their
experiences and challenges in telemedicine, engage in peer learning, and
exchange knowledge.

*Remote Feedback and Coaching: individual remote coaching sessions to provide
personalized feedback on telemedicine skills.

arning

- Hybrid Seminars: in-person seminars with online modules for comprehensive
learning. In-person sessions focus on role-play consultations in telemedicine and
the practical use of telemedicine equipment.

- Teledemcine Modeling Days: with both online and in-person components,
students engage in virtual and in-person patient consultations with subsequent
summary sessions.

- Interdisciplinary = Collaboration: collaborating with other healthcare
professionals (nurses, pharmacists) through joint telemedicine modelling
exercises; promoting holistic patient care and team dynamics.

- Hybrid Debriefing Sessions: a combination of online and in-person debriefings
to implement a hybrid model. Facilitating discussions to enhance learning and
self-assessment.

| Traditional face-to-face learning |

*Telemedicine Clinics: establishing telemedicine clinics on campus equipped with
the necessary technologies for in-person learning. Allowing students to conduct
real telemedicine consultations under the guidance of experienced practitioners.

*Clinical Mentorship: mentoring with professionals for in-depth practical
el)g(ﬁlerience. Students work alongside experienced professionals to develop their
skills.

*On-Campus Seminars: in-person seminars for practising telemedicine
consultations, including the use of telemedicine equipment and effective
communication.

*In-Person Debriefing: face-to-face sessions where students can reflect on their
telemedicine consultations and receive immediate feedback.

Fig. 2 Features of competency acquisition and development in the field of telemedicine in three different modes of instruction

including high-fidelity mannequins and models that sim-
ulate human anatomy, standardized patients, ultrasound
simulators, and scenarios for team-based exercises. On
the other hand, telemedicine implies a healthcare deliv-
ery system that utilizes telecommunication technolo-
gies for the remote provision of clinical services. Various

communication tools were employed in the education
process, such as video calls, telephone conversations,
secure messaging exchanges, and remote monitoring
devices. The study spanned three academic years, from
September 2020 to May 2023, a period during which
the pandemic was essentially recognized as concluded.
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At the end of each of the three academic years, respon-
dents completed two specially developed scales using
online forms, with the data securely stored on a pro-
tected server. Each year, students studied telecommu-
nication and modulation through different subjects and
under varying circumstances. Importantly, the method of
instruction changed each year. In addition to the respon-
dents themselves, the study involved 38 teachers from
three different universities and 10 psychologists who
supervised and were available to students for support or
assistance when needed.

Participants

The study involved third-year medical students from
Chinese universities, who participated voluntarily. Invi-
tations were sent to their email addresses, and participa-
tion was confirmed by 80 students from each university,
totaling 240 students. A minimum of 80 students per
university was established to ensure an even distribution
of participants across the three universities and to main-
tain a manageable sample size for analysis. The response
rate among students who participated in the study was
60%, providing insight into the representativeness of the
included population. All students who consented to par-
ticipate were included in the study, confirming a high
level of voluntary engagement. The same sample of stu-
dents was used at each time point, meaning that the same
participants completed the survey over the course of all
three years.

Scale

Specifically for this research, the development process of
two scales commenced before its initiation. The first scale
was the Simulation-Based Learning Satisfaction Scale,
while the second was the Telemedicine Competence Edu-
cation Satisfaction Scale. Each scale comprised 20 state-
ments, and participants could express their agreement
with each statement using a 5-point Likert scale, rang-
ing from 1 (completely disagree) to 5 (completely agree).
After collecting responses, it was necessary to calculate
the mean scores for each statement and overall satisfac-
tion by averaging the scores.

Before the development process, a comprehensive lit-
erature review was conducted to understand existing
research in the current field. Subsequently, a set of poten-
tial statements related to satisfaction in the chosen vari-
ables was created. Next, an online approach was used to
involve a panel of experts, including educators, health-
care professionals, and a psychologist, to assess the initial
items for content validity. Two initial versions of the two
scales were administered to thirty respondents to evalu-
ate the clarity and comprehensibility of the items, result-
ing in some revisions based on respondent feedback. The
assessment of validity involved three key aspects: firstly,
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content validity, in which experts reviewed the scale to
confirm that it comprehensively covered the relevant
domain; secondly, construct validity, focusing on factor
analysis to determine whether the items aligned with the
expected factors; and thirdly, an evaluation of conver-
gent and discriminant validity, investigating whether the
scales exhibited the anticipated correlations with similar
constructs (convergent validity) while also demonstrat-
ing the absence of correlations with unrelated constructs
(discriminant validity). Internal consistency was assessed
using Cronbach’s alpha to determine if the scale items
were consistent when measuring the same construct, and
the values ranged from 0.847 to 0.903, indicating a high
level of internal consistency. Additionally, factor analysis
and correlation analyses were applied. Factor analysis was
employed to determine whether the scale items corre-
sponded to the expected factors and to identify underly-
ing structures within the data. Correlational analysis was
used to assess the relationships between variables and
to examine the similarity of the scales to analogous con-
structs (convergent validity). All these procedures facili-
tated the development of two scales and prepared them
for the research launch, scheduled for September 2020.

To analyze medical students’ satisfaction with various
teaching methods, the study encompassed three-time
points. The first time point corresponds to the 2020-
2021 academic year, during which instruction was con-
ducted in an online/distance learning format. The second
time point covers the 2021-2022 academic year, when
hybrid learning, combining online and in-person instruc-
tion, was implemented. The third time point represents
the 2022-2023 academic year when instruction reverted
to the traditional in-person format. These time points
facilitated the comparison of student satisfaction levels
across different teaching modes and identified the most
effective methods.

Data analysis

The obtained results were analyzed using the SPSS soft-
ware package. To assess student satisfaction with vari-
ous teaching methods (for simulation-based learning and
telemedicine competencies), means, standard deviations,
and medians were calculated for each group at each time
point. The non-parametric Friedman test was applied to
check for statistically significant differences in satisfac-
tion levels across the three time points (online/distance
learning, hybrid learning, and traditional in-person
learning). The statistical analysis involved summing and
comparing the overall satisfaction scores of participants
across these two scales. The analysis was conducted
separately for each student group from each university
(Groups A, B, and C) at each time point. This approach
allowed for the assessment of differences in satisfaction
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Table 1 Participant information in the current study

Medical University Total Females Males Mean SD
Age
China Medical University 80 45 35 2024 044
(group A)
Shenyang Medical College 80 39 41 2036 061
(group B)
Dalian Medical University 80 43 37 2017 057
(group Q)

levels based on the mode of education for each individual
group.

Ethical issues

The researchers obtained ethical approval from the eth-
ics boards of all three participating educational institu-
tions, and all participants had the option to withdraw
from the study if they wished; participation was volun-
tary. Additionally, written consent was obtained from all
participants.

Results

The study involved 240 third-year medical students. They
came from three universities in China. By the end of
the study, these students had completed their fifth year.
Table 1 provides detailed information about the number
of participants from each university.

Thus, among the respondents, 52.92% were females,
and 47.08% were males, with an average age of 20.26
at the beginning of the study and a standard deviation
of 0.54. All of them were Chinese students enrolled in
their first and second years at their respective universi-
ties without changing their institutions. According to the
university order listed in the table, they were assigned
specific groups: A, B, and C, respectively. All three uni-
versities adhere to the common standards and require-
ments established by the Ministry of Education of China,
ensuring the comparability of data and results. However,
there may be minor differences in teaching methods and
emphases, which were considered when grouping stu-
dents for analysis. Participants in the study were third- to
fifth-year medical students. In the Chinese medical edu-
cation system, third-year students are transitioning from
preclinical to clinical training. Fourth- and fifth-year
students are already actively engaged in clinical activi-
ties and practice, making their experiences and percep-
tions of different teaching methods particularly valuable
for this study. Prior to the COVID-19 pandemic, most
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students and faculty had limited experience with virtual
or hybrid learning. The shift to these modes of instruc-
tion became a necessary adaptation to new conditions,
further underscoring the relevance and importance of
the study for understanding the impact of these methods
on student satisfaction and perceptions.

The first objective of the study was to determine the
satisfaction of medical students at each of the three uni-
versities with their simulation-based education at three
different time points, depending on the mode of instruc-
tion in each academic year. The results are presented in
Table 2.

For Group A, students from the first participating uni-
versity, the median satisfaction score at Time Point 1,
when they engaged in online/distance learning, was 49.50
[46.00, 51.00], at Time Point 2, during hybrid learning,
the median score increased to 62.00 [60.00, 65.00], and
at Time Point 3, after transitioning to traditional face-to-
face learning, the median score was 56.00 [52.00, 58.00].
For Group B, the respective median scores were 51.00
[49.00, 52.00] during online/distance learning, 63.50
[61.00, 66.00] during hybrid learning, and 53.00 [51.00,
55.00] during traditional face-to-face learning. Group C
had slightly different results, with median scores of 50.50
[48.00, 54.00] at Time Point 1 (online/distance learning),
65.00 [63.00, 69.00] at Time Point 2 (hybrid learning), and
61.00 [57.00, 62.00] at Time Point 3 (traditional face-to-
face learning). For all three groups, the hybrid learning
phase (Time Point 2) consistently showed the highest
level of satisfaction, while the online/distance learning
phase (Time Point 1) had the lowest satisfaction scores.
The non-parametric Friedman test was used to check for
statistically significant differences in satisfaction levels
across the three-time points. The p-values for all groups
were below the 0.001 threshold, confirming that the dif-
ferences in satisfaction levels across the three-time points
were statistically significant, with hybrid learning being
the most accepted mode of instruction.

The second objective of the study was to determine the
satisfaction of medical students with the acquisition of
telemedicine competency at three different time points,
depending on the mode of instruction in each academic
year. The data are presented in Table 3.

For Group A, students from the first participating
university, the median satisfaction scores for telemedi-
cine competency education at Time Point 1, when they
engaged in online/distance learning, were 58.00 [55.00,

Table 2 Level of satisfaction with simulation-based learning by time points for each group, indicating medians, interquartile ranges,

and p-values

Group Online/Distance Learning (Mdn [Q1, Q3]) Hybrid Learning (Mdn [Q1, Q3]) Face-to-Face Learning (Mdn [Q1, Q3]) p-value
A 49.50 [46.00, 51.00] 62.00 [60.00, 65.00] 56.00 [52.00, 58.00] <0.001
B 51.00 [49.00, 52.00] 63.50 [61.00, 66.00] 53.00 [51.00, 55.00] <0.001
C 50.50 [48.00, 54.00] 65.00 [63.00, 69.00] 61.00 [57.00, 62.00] <0.001
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Table 3 Level of satisfaction with telemedicine competency training by time points for each group, indicating medians, interquartile

ranges, and p-values for medians

Group  Online/Distance Learning (Mdn [Q1, Q3]) Hybrid Learning (Mdn [Q1, Q3]) Face-to-Face Learning (Mdn [Q1,Q3])  p-value
A 58.00 [55.00, 60.00] 74.50 [71.00, 76.00] 60.00 [57.00, 61.00] <0.001
B 59.00 [56.00, 61.00] 71.00 [68.00, 73.00] 63.50 [61.00, 66.00] <0.001
C 59.50 [56.00, 61.00] 74.00 [71.00, 76.00] 58.50 [58.00, 62.00] <0.001

60.00]. At Time Point 2, during hybrid learning, the
median score increased significantly to 74.50 [71.00,
76.00], while at Time Point 3, after transitioning to tradi-
tional face-to-face learning, the median score was 60.00
[57.00, 61.00]. For Group B, the respective median scores
were 59.00 [56.00, 61.00] during online/distance learn-
ing, 71.00 [68.00, 73.00] during hybrid learning, and
63.50 [61.00, 66.00] during traditional face-to-face learn-
ing. Group C showed similar trends, with median scores
of 59.50 [56.00, 61.00] at Time Point 1 (online/distance
learning), 74.00 [71.00, 76.00] at Time Point 2 (hybrid
learning), and 58.50 [58.00, 62.00] at Time Point 3 (tra-
ditional face-to-face learning). For all three groups, the
hybrid learning phase (Time Point 2) consistently yielded
the highest level of satisfaction, while the online/dis-
tance learning phase (Time Point 1) showed the lowest
satisfaction scores. The non-parametric Friedman test
was applied, and the p-values for all groups were below
0.001, confirming that the differences in satisfaction
across the three-time points were statistically significant,
with hybrid learning being the most preferred mode of
instruction for telemedicine competency education.

Discussion

The research results indicate that the satisfaction of
medical students with different modes of instruction var-
ies significantly over time. In particular, satisfaction with
telemedicine competency education fluctuated depend-
ing on the instructional mode over the three-year period.
Hybrid learning demonstrated the highest satisfaction
levels, while online learning yielded the lowest. Several
factors may explain these findings. Hybrid learning likely
fostered greater interactivity and student engagement by
combining online resources with face-to-face sessions,
contributing to a deeper understanding of the material
and higher satisfaction levels. A 2021 survey of medical
students during the COVID-19 pandemic [12] found that
hybrid learning can be beneficial and effective in enhanc-
ing academic performance and the quality of learning.
Although traditional face-to-face instruction provides
more intensive social interaction between students and
instructors, which also contributes to student satisfac-
tion, it ranked second in the indicators. For example,
a comprehensive review [31] reported that students in
hybrid classes experienced lower levels of interaction,
engagement, and motivation compared to students in tra-
ditional face-to-face settings. However, hybrid learning

combines social interaction with the convenience of
online resources, which may be highly valued by stu-
dents. The effectiveness of hybrid learning is contingent
on various factors [32], such as the design and imple-
mentation of the learning process. Additionally, hybrid
learning offers students the flexibility to choose their
preferred learning style based on their individual needs.
Conversely, online learning may not have been as adapt-
able to students’ preferences, particularly because at the
time of the study, online/distance learning had just been
introduced and was relatively new and unexplored, which
could have impacted the results. Moreover, satisfaction
levels could also be influenced by individual preferences:
some students may prefer online learning, while others
may gravitate towards face-to-face or hybrid instruction
[11]. Data suggests that senior students, males, and mar-
ried students were more likely to have a positive percep-
tion of online learning, whereas second-year students
showed a stronger preference for hybrid learning [11].

A 2022 review of global educational strategies [1] high-
lighted the rapid development of innovative approaches
during the pandemic, many of which involved the use
of digital tools. The review suggests that some of the
most effective strategies developed during the pandemic
are likely to continue being used in the post-pandemic
period. For instance, while the hybrid approach can serve
as a model, it requires careful design and flexible tools
that allow educators to connect earlier project decisions
with the broader distributed environment and emerging
activities [33-37]. A trend analysis [38] emphasized that
teacher training is crucial to the successful adaptation of
blended learning, alongside the adoption of appropriate
educational technologies by institutions. This correlates
with the need to develop effective programs and ele-
ments, as demonstrated in the current research.

A 2020 meta-analysis [3] demonstrated that hybrid
learning consistently produced better knowledge out-
comes compared to traditional medical education. Fur-
thermore, a 2023 survey of students’ opinions on the
adopted hybrid learning model [39] found the approach
to be generally favorable. In terms of the online/distance
approach, a 2020 study [40] identified several challenges
faced by students during the COVID-19 pandemic,
including communication barriers, difficulties with
assessment, the use of technological tools, anxiety or
stress related to the pandemic, time management issues,
and technophobia. These factors may have influenced the
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lower satisfaction scores observed in the online learn-
ing phase of the current study, highlighting the need for
further research into online approaches post-pandemic.
The hybrid model, in contrast, represents a synergy of
the strengths of both online and traditional methods [4].
A 2020 study by Al-Balas et al. [10] found that the level
of satisfaction with distance learning was only 26.8%
among medical students. However, students with prior
experience in distance learning and those who actively
participated in multimedia sessions and dedicated suf-
ficient time reported significantly higher satisfaction.
This underscores the importance of individual student
capabilities [11]. Finally, a 2021 study [5] examined the
effectiveness and acceptability of synchronous distance
education compared to traditional education for medi-
cal students. The findings indicated that synchronous
distance education was not significantly different from
traditional education in terms of effectiveness, but it
received higher satisfaction ratings [5], suggesting its
potential as an adaptation method in the post-COVID
educational landscape.

Conclusions

The results of the study indicated that student satis-
faction varied over time: hybrid learning (Time Point
2) resulted in the highest level of satisfaction, whereas
online/distance learning (Time Point 1) yielded the low-
est. The differences between the time points were sta-
tistically significant, confirming the impact of the mode
of education on students’ perceptions. Hybrid learning
emerged as the preferred method, while online/distance
learning in 2020-2021 and traditional face-to-face learn-
ing in 2022-2023 showed lower satisfaction levels. These
results highlight the practical value of hybrid learning for
educational institutions, suggesting the need to incorpo-
rate more flexible and modern teaching methods. From
a scientific perspective, these findings provide a basis
for further research on the effectiveness of educational
methods and their adaptation in the post-pandemic era.
The results highlight the significance of hybrid learn-
ing in medical education, particularly in crises such as
pandemics. The study is unique in that it provides data
on the dynamics of student satisfaction across different
learning modes over a three-year period, an area that has
not been extensively explored previously. These findings
could contribute substantially to current research and lit-
erature, offering new perspectives for optimizing educa-
tional programs in medical schools.

Limitations

The study spans an extended period, enabling the assess-
ment of changes in student satisfaction across different
learning modes. The use of statistical methods and sat-
isfaction scales ensures high reliability and validity of the
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obtained data. The inclusion of a large number of partici-
pants from various universities enhances the generaliz-
ability of the results. At the same time, the limitations of
this study include the self-report measures developed for
the current research; however, this limitation was miti-
gated through the high quality and careful design of the
assessment tools. Additionally, the results may not be
widely generalizable, considering that the participants
were students from only three medical universities and
because the study covers only one educational system.
Furthermore, the findings concerning online/distance
learning should be viewed in the context of the pandemic,
as it was being implemented, and the stress and anxiety
levels were higher than normal for everyone, before or
after the active phase of the pandemic. This study was
not designed to directly compare the modes of education
as such. Students did not compare the modes of instruc-
tion; rather, they assessed their satisfaction with specific
interventions (simulation or telemedicine) across three
different time periods, during which three distinct modes
of learning—online, hybrid, and in-person—were imple-
mented. While the mode of education may have had a
significant impact on satisfaction levels, other factors
not examined in this study could also have influenced
the results during each period. Another limitation of the
research is that although the Friedman test indicated the
presence of statistically significant differences among
the three-time points, it did not allow for precise iden-
tification of which pairs of time points differed from one
another. Consequently, the results should be interpreted
with caution, and further research employing post hoc
tests may be required for a more detailed understanding
of the differences between the periods. Future research
should focus on testing new ways to adapt medical edu-
cation to better prepare for new unexpected challenges.
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