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Abstract 

Background  Medical universities are responsible for educating and training healthcare workers. One of the fields 
significantly impacted by the pandemic is medical education. The aim of this study is to identify strategies for enhanc‑
ing e-learning for active learning and finding solutions for improving its quality.

Methods  This mixed-method (quantitative-qualitative) research was conducted in 2023 at three selected universities 
in Mazandaran Province. In the quantitative phase, 507 students participated via stratified random sampling using 
a standard questionnaire. In the qualitative phase, data were collected through semi-structured interviews with 16 
experts until data saturation was achieved. SPSS 21 and MAXQDA 10 software were used for data analysis.

Results  In the multivariate regression analysis, an increase of one point in the dimensions of student-teacher interac‑
tion, active time, immediate feedback, and active learning corresponded to an average increase in learning scores 
of 0.11, 0.17, 0.16, and 1.42 respectively (p≤0.001). After the final analysis in the qualitative phase, four main domains 
(infrastructure, resources, quantity of education, and quality of education) and 16 sub-domains with 84 items were 
identified.

Conclusions  The greatest challenge in e-learning is the interaction and cooperation between students and teach‑
ers. The implementation of the identified strategies in this research could provide useful evidence for policymak‑
ers and educational administrators to implement interventions aimed at addressing deficiencies and enhancing 
e-learning.
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Introduction
Background
The COVID-19 pandemic, which emerged in 2019, rap-
idly engulfed many countries. The World Health Organi-
zation (WHO) declared it a Public Health Emergency 
of International Concern (PHEIC) [1]. Despite the can-
cellation of the PHEIC in May 2023, the pandemic has 
resulted in approximately 770 million cases and 7 million 
deaths [2]. Quarantines, long-term restrictions, disrup-
tions in social and economic life, and the exacerbation 
of social inequality and vulnerability have been only a 
fraction of its effects [3]. One notable area profoundly 
affected by the pandemic is healthcare workers’ educa-
tion. At the outset of the pandemic, many universities 
worldwide suspended in-person classes and internships 
[4], forcing students to stay at home to adhere to social 
distancing protocols [5]. The education system in many 
countries embraced e-learning methods and accelerated 
the development of online learning modalities [6].

E-learning has significantly impacted the medical com-
munity. For instance, in a survey conducted by Singh 
et  al. approximately 44% of surveyed students believed 
that online lectures during the pandemic had lower qual-
ity than in-person classes [7]. In a study by Shahrvini 
et al., over 43% of students reported that e-learning did 
not adequately prepare them for internships [8]. Wani-
gasooriya et al. found that more than 81% of medical stu-
dents believed that the pandemic had a negative impact 
on their education [9]. The reduction in interactions 
between learners and patients, professors, and fellow stu-
dents potentially diminishes students’ communication 
skills [10]. Conversely, e-learning has provided benefits 
such as flexibility in time and location [11], cost-effective-
ness [12], positive effects on students’ mental health [13], 
encouraging the use of new technologies [14, 15], and 
facilitating immediate feedback [16].

In addition, active learning (AL) has always been con-
sidered an educational approach to improve students’ 
participation in the learning process and, as a result, 
improve their knowledge and skills [17]. AL includes a 
set of interventions that facilitate students’ participa-
tion in the learning process. These interventions include 
case-based learning, experiential learning, peer problem 
solving, project-based learning, etc. [17, 18]. Using AL 
and moving away from traditional teaching methods can 
bring better educational results. For example, Freeman 
et al. showed in their study that the use of AL interven-
tions increases the educational performance of students. 
They also showed that the probability of students fail-
ing in classes with traditional lectures is 1.5 times higher 
than that of students in classes with AL [18]. Based on 
this, strengthening e-learning using AL interventions can 
improve the performance of medical students.

Overall, it appears that the challenges posed by the 
COVID-19 pandemic have propelled educational sys-
tems to adopt e-learning methods as a tool to strengthen 
medical education [19]. This pandemic has demonstrated 
the vulnerability of medical education during critical 
situations [20]. Therefore, establishing a blended learn-
ing environment that combines traditional methods with 
innovative e-learning tools can enhance the responsive-
ness of the educational system in crisis situations [21]. 
Additionally, strengthening the infrastructure of e-learn-
ing and expanding its application to areas such as student 
assessment, communication skills, and remote content 
production should be prioritized [22, 23]. However, 
e-learning during a pandemic has encountered issues in 
developing countries, including internet quality deficien-
cies, security concerns, audiovisual problems, and lim-
ited technical skills among students and faculty members 
[4]. In this regard, curricular reforms that exhibit greater 
compatibility with e-learning have been recognized as 
crucial [24]. Given the aforementioned content, con-
ducting applied studies aimed at identifying challenges 
and strategies for strengthening e-learning in different 
countries can provide valuable evidence to policymak-
ers, enabling them to employ e-learning as a key strategy 
for ensuring the continuity of medical education during 
critical circumstances.

Objective
The present study was conducted to identify strategies 
for enhancing e-learning for active learning during crisis 
situations, such as the COVID-19 pandemic.

Methods
This study employed a sequential explanatory mixed-
methods design, which combines and analyzes both 
quantitative and qualitative data in a single study, with 
data collected sequentially. The sequential explana-
tory method is a two-stage mixed-methods approach in 
which qualitative data help explain initial quantitative 
results [25]. The present study consisted of two phases: 
a quantitative phase examining the quantity and quality 
of e-learning from the students’ perspective, and a quali-
tative phase exploring the experiences of experts during 
the COVID-19 pandemic and strategies for enhancing 
e-learning for active learning in crisis situations.

Quantitative phase, examination of the quantity 
and quality of e‑learning from students’ perspective
Participants
The target population for the quantitative phase com-
prised 13,500 students from medical universities in 
Mazandaran province. The recommended sample 
size ratio ranges from 5 to 15 variables per sample (5q 
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≤n≤15q) where q represents the number of observed 
variables or questionnaire items, and n represents the 
sample size [26]. In the present study, the sample size 
for the quantitative phase was determined to be between 
480 and 520 individuals. A cluster sampling method was 
used. The inclusion criterion was students from selected 
universities who had participated in e-learning courses.

Measurements
The data collection instrument in the quantitative phase 
was a questionnaire that was initially developed in Tur-
key by Onal Cakiroglu in 2014. The English version of 
the questionnaire was validated by Onal Cakiroglu and 
colleagues [27]. The questionnaire consisted of 40 items 
assessing the quality of e-learning in the dimensions of 
interaction, teaching, and learning across seven domains. 
Interaction is related to the relationship between faculty 
and student and includes two dimensions encouraging 
student-faculty contact and encouraging cooperation 
among students. Learning, refers to the learning process 
in students and the role of faculty members in it. This 
dimension has two domains encouraging active learn-
ing and respecting diverse talents and ways of learning. 
Finally, teaching is related to the process teaching of fac-
ulty members and has three dimensions: giving prompt 
feedback, emphasizing time on tasks and communicating 
high expectations.

The questions were rated on a five-point Likert scale, 
ranging from “Very Low” (1) to “Very High” (5). There-
fore, score between 1 and 1.80 indicated very poor 
quality, between 1.81 and 2.60 indicated poor quality, 
between 2.61 and 3.40 indicated average quality, between 
3.41 and 4.20 indicated good quality, and above 4.21 indi-
cated very good quality of e-learning. The Persian version 
of the questionnaire was validated and its reliability was 
assessed in Iran by Ganavati Zadeh et al. [28].

Data analysis
Data analysis was performed using IBM® SPSS® Sta-
tistics 21. Descriptive statistics such as frequencies, 
percentages, means, and standard deviations were cal-
culated. Furthermore, both univariate and multivariate 
linear regression analyses were conducted at a signifi-
cance level of p ≤ 0.05 to examine the relationships 
between variables.

Qualitative phase: strategies for enhancing E‑learning 
in crisis conditions
Participants
The research population in the qualitative phase con-
sisted of research experts in medical education. The 
inclusion criteria were their involvement in plan-
ning, management, and executive activities related to 

e-learning during the COVID-19 pandemic, as well as 
their prior experience in e-learning. Purposive sam-
pling was used in the study. In total, 16 experts who 
met the criteria of the study target group participated 
in the study.

Measurements
Semi-structured interviews were conducted to gather 
data in this phase. The interview guide and questions 
were developed based on the analysis of the quantitative 
phase results, as well as the experiences of experts during 
the pandemic. Consequently, after analyzing the quanti-
tative phase, the questions that received the lowest scores 
from the students’ perspective in the questionnaire were 
identified. The interview questions focused on the main 
challenges of medical education and barriers to active 
learning during the pandemic, as well as strategies for 
enhancing active learning in crisis situations.

Analysis
Data in the qualitative phase were analyzed using the con-
tent analysis method with the assistance of MAXQDA 10 
software. Braun and Clarke’s thematic analysis approach 
was employed, involving familiarization with the data, 
initial coding, searching for themes, reviewing themes, 
defining themes, and preparing a report for data analysis 
[29]. The interview content was transcribed, and multi-
ple reviews were conducted to extract initial codes for a 
comprehensive understanding. The initial codes related 
to strategies for enhancing e-learning were identified 
within the interview texts. Similar codes were grouped 
into sub-themes and further organized into main themes. 
To enhance the validity of the data, researchers employed 
strategies such as allocating sufficient time for interviews, 
examining the topic from various perspectives, obtaining 
research validation from experts, involving two coders 
for interview coding, seeking peer debriefing, and sharing 
findings with some of the interviewees.

Results
Quantitative phase results
The average age of the participating students in the study 
was 21.47 ± 2.34, with an age range of 18 to 43 years. 
The majority of participants were female (62%, n = 319) 
(Table 1).

The descriptive statistics of the scores for the axes and 
dimensions of the questionnaire on a standard scale of 
0 to 100, for comparison of axes and dimensions in the 
same unit, indicate that the highest scores by students 
were for the Immediate Feedback and High Expectations 
axes, with scores of 64.65 and 65.46, respectively. The 
lowest score was for the Collaboration Among Students 
axis with a score of 55.90 (Table 2).
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The results of the linear regression test in separately 
examining the relationship between the Teaching 
dimension and the Interaction and Learning dimension 
axes showed that for each increase in score in the High 
Expectations axis, Diverse Talents axis, and Learning 
Methods axis, the Teaching dimension score increases 
significantly by 2.00 and 1.91, respectively (P≤0.001). In 
the multivariate regression analysis related to these fac-
tors, the results showed that all axes of the Interaction 

and Learning dimensions are associated with the 
Teaching dimension score. Therefore, on average, for 
every unit increase in the score on the High Expecta-
tions, Diverse Talents, and Learning Methods axes, an 
increase of 1.30 and 0.44 units in the Teaching dimen-
sion score is observed respectively (P≤0.001) (Table 3).

Additionally, the regression analysis was conducted 
to examine the relationship between Interaction with 
the subdimensions of Teaching and Learning, and the 

Table 1  Examination of the demographic characteristics of the participating students

Variable Groups Frequency Percentage

Gender Male 188 37.08

Female 319 62.92

Age Group Less than 23 years 421 83.04

23 and above 86 16.96

Educational Level Bachelor’s degree 279 55.03

Master’s and Professional Doctorate 204 40.24

Residency 24 4.73

Academic Year First-year 113 22.29

Second year 161 31.75

Third year 193 38.07

Fourth-year and above 40 7.89

Table 2  Average scores of the studied universities in relation to online teaching based on the extent of axes and dimensions of active 
learning during the COVID-19 pandemic (standard scale 0–100)

Axis and Dimensions Number of 
Questions

Score Range Mean (S D) Mean 
Score 
(0–100)

Axis Student Interaction with Instructor 6 6–30 17.77(5.28) 59.23

Collaboration among Students 6 6–30 16.77(3.79) 55.90

Timing of Activities 6 6–30 17.87(4.18) 59.56

Immediate Feedback 5 5–25 16.41(3.30) 65.64

Active Learning 6 6–30 18.42(4.47) 61.40

High Expectations 6 6–30 19.64(4.40) 65.46

Diverse Abilities and Learning Methods 5 5–25 15.38(4.12) 61.52

Dimension Interaction 12 12–60 34.54(8.23) 57.56

Teaching 17 17–85 53.93(10.15) 63.44

Learning 11 11–55 33.80(8.01) 61.45

Table 3  Relationship between the teaching dimension and the sub-dimensions of the interaction and Learning dimensions

variables Univariate Analysis (Raw Effects) Multivariate Analysis (Adjusted Effects)

B(SE) %95 CI P-value B(SE) %95 CI P-value

Student interaction with instructor 1.38 (0.05) 1.26 to 1.49 0.000 0.39 (0.05) 0.28 to 0.49 0.000

Collaboration among Students 1.60 (0.09) 1.41 to 1.79 0.000 0.23 (0.06) 0.01 to 0.36 0.000

High Expectations 2.00 (0.05) 1.90 to 2.10 0.000 1.30 (0.06) 1.17 to 1.43 0.000

Diverse Abilities and Learning Methods 1.91 (0.06) 1.77 to 2.04 0.000 0.44 (0.07) 0.03 to 0.58 0.000
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relationship between learning and the subdimensions of 
interaction and teaching. In one case, the collaboration 
among students was not significant (P=0.262), and in 
other cases, there was a significant correlation (P<0.001) 
(Supplementary Table 1).

Qualitative phase results
All participants were members of the university faculty, 
with 9 individuals (56.25%) being male, 4 (25%) being 
associate professors, and the rest being assistant pro-
fessors. Six (37.5%) were clinical faculty members and 
the rest were in basic sciences. All had at least 5 years 
of teaching experience and had planning and executive 
responsibilities during the COVID-19 pandemic.

Following the final analysis of online teaching by 
experts, four main domains were identified, includ-
ing infrastructure, resources, quantity of education, and 
quality of education, and 16 subdomains, namely, scien-
tific infrastructure, technical infrastructure, communica-
tion infrastructure, technology infrastructure, resource 
savings, increase in personal expenses, increase in uni-
versity expenses, educational content, timing, continuous 
education, student participation, interaction, feedback, 
practical classes, and evaluation, with a total of 84 items 
generated (Table 4).

Infrastructure

Scientific infrastructure  Participants in the study pointed 
to the importance of online teaching and the need for 
preparedness for e-learning in teachers and students and 
their capabilities. Participant 3 emphasized the impor-
tance of having a scientific infrastructure for online teach-
ing and the necessity for teachers’ preparedness, saying, 
“The university did not provide any training for us, and I 
learned to work with the system through trial and error. It 
took me a few sessions to learn how to work with e-learn-
ing”. Additionally, participant 8 talked about the lack of 
complete readiness of teachers for online teaching before 
the COVID-19 pandemic, despite the presence of guide-
lines for using this method in teaching, “The university had 
been talking about e-learning for four or five years ago, set 
up classes, but because it was not mandatory, we did not 
attend. Personally, I did not go, and I hadn’t worked with 
its software. Well, the year that COVID-19 emerged and 
classes became virtual, the first thing I did was read the 
guide that existed and I learned by trial and error”.

Technical infrastructure  Technical infrastructure prob-
lems in universities and educational and therapeutic 
centers, and the incompatibility of the existing platform 

with the volume of students, were the issues that the 
experts pointed to. Participant 1 said, “The infrastructure 
was present in our college, considering we had a virtual 
unit before, but it wasn’t enough. The main challenge was 
the lack of a tablet or laptop or a mobile device to run 
classes, which was both for teachers and students”.

Communication infrastructure  Issues related to inter-
net disconnection and inadequate access in various geo-
graphical areas were noted in this area. Participant 16 
emphasized the undeniable impact of internet quality 
on all aspects of online education and teaching, adding, 
“One of the main challenges was internet disconnection. 
For instance, it would suddenly get cut off in the middle 
of the class and by the time it got reconnected, the class 
time would be over. The next professor would arrive with 
the subsequent class, and then we were forced to hastily 
cover the leftover topics from the previous class at the start 
of the next session”.

Technology infrastructure  Software capabilities and 
actions that learners can undertake through this type of 
learning were among the topics to which experts referred. 
Participant 5 spoke about the execution of assigned tasks 
by students and their uploading onto the electronic sys-
tem, stating, “A good thing that was done was the tasks 
we gave to the students, like writing an article with the 
rules we set for them, or researching a specific topic. After 
the student uploaded it, we could easily receive them and 
then evaluation could be done”.

Resources

Saving resources  Experts referred to lower teaching 
costs, commuting, and the possibility of participating 
in scientific webinars virtually, etc. On this matter, Par-
ticipant 6 stated, “In my opinion, one of the advantages 
and opportunities of online teaching is the reduction of 
costs because neither we nor the students needed to move 
from our workplace or residence to hold or participate 
in classes”. Participant 14 mentioned this method as an 
opportunity to participate in scientific seminars that are 
held as webinars at various universities in the country, 
saying, “During this period, we could easily participate 
in and benefit from various educational webinars held by 
different universities across the country”.

Increase in personal expenses  The shift from face-to-
face to e-learning necessitated the provision of certain 
facilities, leading to an increase in the personal expenses 
of learners and teachers. Regarding the necessity of cer-
tain facilities for both teachers and students to participate 
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Table 4  Main domains, sub-domains, items, and their frequency in online teaching as perceived by experts

Main domain Subdomains Issues Occurrence 
of Issues

Infrastructure Scientific Infrastructure Uploading educational content 16

Increasing capabilities of teachers after experiencing virtual teaching 
and working with various educational software

16

The unpreparedness of teachers for online and virtual teaching 15

The unpreparedness of students for online and virtual learning 15

Learning to work with the system through trial and error by teachers 12

Continuous collaboration of university technology colleagues 
with teachers

12

Conducting educational sessions to enhance the capabilities 
of teachers

10

Resistance to virtual teaching and learning by some teachers 
and students at the beginning of the COVID-19 pandemic

7

Technical Infrastructure Availability of limited technical infrastructure in universities 
before the pandemic

16

Challenges in improving the technical infrastructure of universities 
and educational medical centers after the start of virtual teaching

13

Lack of suitable hardware for this method of teaching and learning 
by teachers and students

11

Existence of executive regulations for online teaching implementa‑
tion prior to the pandemic to some extent

10

Lack of compulsion by the university regarding virtual teaching 
by teachers before the pandemic

10

Incompatibility of the existing platform with the number of students 
using it during the pandemic

10

Establishment and equipping of a virtual examination center 
at the university

7

Establishing adequately equipped rooms for producing standardized 
virtual content at the university

7

Lack of coordination between existing regulations and changes 
after the pandemic

6

Communications Infrastructure (Internet) Lack of suitable internet with the desired bandwidth 16

Power outages followed by internet disconnections 16

Lack of access to suitable internet in various parts of the country 12

Increasing the internet bandwidth of the university for coordination 
with the current conditions

7

Technological Infrastructure Ability to upload assignments in audio and video formats 16

Specifying assignment titles 16

Ability to modify and edit uploaded assignments 16

Ability to access uploaded files 16

Conducting online exams, both in multiple-choice and descriptive 
formats

16

Monitoring teaching methods and professors’ attendance 
and departure time

12

University supervision over files uploaded by professors 10
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Table 4  (continued)

Main domain Subdomains Issues Occurrence 
of Issues

Resources Resource Savings Reduced costs for teachers and students due to less commuting 
and mobility

13

No educational limitations due to the geographical distance of stu‑
dents from the university

13

Participation in scientific seminars of various domestic and interna‑
tional universities without travel expenses, in the form of webinars

11

Cost reduction and reduction in air pollution through less commut‑
ing and mobility

6

Increased Personal Expenses Increased personal expenses due to the purchase of necessary 
equipment and facilities for virtual teaching for both teachers 
and students

11

Increased personal expenses due to the purchase of internet pack‑
ages

10

Increased University Expenses Procurement of necessary equipment and supplies for online teach‑
ing

8

Increased expenses to improve the online teaching environment 7

Construction and equipping of a virtual examination center 
at the university

7

Construction and adequate equipment of rooms for producing 
standardized virtual content at the university

7

Increasing the internet bandwidth of the university for coordination 
with the current conditions

7

Quantity of Education Educational Content Preparation and uploading of simple educational content 
at the beginning of COVID-19 and offline education to coordinate 
with the current conditions

7

Necessity of preparing audio and video educational materials 
by teachers

7

Ability to create a package of prepared video tutorials in the faculty 
library

7

Timing Possibility to increase teaching time in theoretical subjects 13

Scheduling classes based on teachers’ duties and responsibilities 12

Increased teaching time through the supervision of the education 
unit on the teachers’ teaching via the system

12

Increased teaching time due to less student participation 10

Limited timing for online class formation due to the capabilities 
of the existing platform

9

Inability to add class time even for a few minutes after the specified 
time in the system

6

Ongoing Education Continuous access of students to educational content 16

Possibility of online teaching during class holidays 14

Possibility of holding online classes outside of working hours 12
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Table 4  (continued)

Main domain Subdomains Issues Occurrence 
of Issues

Educational Quality Student Participation Decreased student participation 14

Dissatisfaction of teachers with student participation 14

Lack of student control 14

Possibility of passive attendance 12

Difference in student participation in different academic levels 10

Precautionary measures by some teachers 6

Interaction Less interaction in online teaching 16

Inability to have multi-person conversations on the platform due 
to its limitations

16

One-way communication on the existing platform 12

Written or verbal conversations 11

Excuses from students regarding non-participation in conversations 11

Differences in the approach of different teachers in creating an open 
environment in online classes

10

Expressing opinions and views by students for various reasons 10

Possibility of freely expressing opinions by students through‑
out the online class

9

Need for teachers to be aware of the impact of student opinions 
on the learning process

8

Less interaction in students who had virtual education 
from the beginning of entering the university compared to senior 
students

7

Ability to create interactive content to increase interaction in online 
teaching

5

Feedback Various methods of receiving and providing feedback from teachers 
to students

15

Feedback provided to students by teachers 14

Access Easy access through social networks 12

Teacher conditions 8

Reduced access in online teaching 6

Practical Classes Maintaining patient confidentiality 8

Insufficient skill acquisition in practical and clinical subjects online 8

Decreased learning in practical and clinical subjects for students 8

Inability to procure necessary equipment for online teaching in prac‑
tical and clinical subjects due to high costs

7

Reduced duration of clinical and practical classes 7

Evaluation Lack of trust of teachers in the teaching method 16

Significant difference in students’ grades between online and in-
person teaching

16

Unpreparedness of teachers and students for evaluation 15

Challenges in entering questions by teachers in the system 13

Use of process-oriented evaluation method instead of result-
oriented evaluation

13

Reduction in the question bank of some courses due to students 
saving questions

7
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in and hold virtual classes, Participant 5 said, “Naturally, 
to hold and participate in online classes, some equipment 
such as a laptop, tablet, or smartphone is needed, which 
some teachers and students did not have at the begin-
ning and had to acquire. On the other hand, we always 
needed to be connected to the internet, all of which led to 
an increase in personal expenses”.

Increase in university expenses  The shift from face-
to-face to e-learning and the need to provide facili-
ties also burdened universities with increased costs. 
Participant 10 added regarding the need for some 
expenses to be borne by universities to improve the 
online teaching environment during the COVID-19 
pandemic: “Initially, the university’s facilities were very 
simple and limited, and we had to either procure some 
facilities from scratch or upgrade our existing ones 
to address some deficiencies and improve the online 
teaching environment, and subsequently, improve the 
quality of learning”.

Quantity of education

Educational content  The ability for teachers to create 
audio and visual educational content and make it acces-
sible was one of the points mentioned. Participant 7 said, 
“Initially, materials were uploaded as theory and PDF, 
but some lessons were such that students could not grasp 
the content with PDF alone. Various software was used, 
for example, anatomy teachers would come to the anat-
omy room, film, cut the videos into pieces, and then use 
software to reduce the size”.

Scheduling  Attention to time, and the advantages and 
limitations of e-learning in terms of scheduling, were 
among the points mentioned: Participant 15 talked about 
the time limit of the classes in addition to the scheduling 
limit: “One of the challenges is the limitation and timing 
of the classes. For instance, a class that I wanted to last 
more than two hours was not feasible and the connection 
and session would be cut off without my intention. I had to 
hold the class at another time when I was busy”.

Continuous learning  E-learning made it possible to 
teach outside of obligatory times. Participant 8 discussed 
the opportunity for online teaching at times when there 
is a possibility of class cancellations, for the continuation 
of teaching and continuous learning, “In my opinion, it 
is a good opportunity. For instance, when there are a few 
days off or one or two days between holidays, usually stu-
dents from other cities cancel the class to take the oppor-
tunity to go home”.

Quality of education

Student participation  Overall, it was stated that stu-
dent participation in e-learning was less than in-person 
teaching. (Participant 9) said that student participation in 
online teaching was less than that in traditional in-person 
teaching, “The participation in this teaching was less, and 
I asked questions to keep the students in class. For exam-
ple, I would ask a short answer question and ask them to 
answer, or during attendance time or students’ breaks, I 
would tell the students not to leave the classroom, and use 
attendance as an excuse”.

Interaction  In this regard, the experts gave their views 
on interaction in e-learning: Participant 11 continued 
with the idea that interaction in online teaching is less 
than traditional in-person teaching: “If I want to say this 
honestly, it is better in-person, because in online teaching, 
you can only be sure of students’ online presence, but real 
interaction and presence is not recorded”. Participant 10 
suggested creating interactive content to increase inter-
action in online teaching, “We can’t have good interaction 
in online classes, perhaps by creating interactive content 
such as storylines”. Participant 12 discussed the difference 
in interaction in online teaching compared to in-person 
teaching: “It was less, obviously less. Because the time was 
limited, the space was limited and there was no visibility. 
For instance, interest, enthusiasm, that face-to-face con-
nection was not seen, it makes a big difference”.

Feedback  Regarding the possibility of feedback in 
e-learning, it was mentioned that feedback to students 
from teachers was available, but it might not always be 
immediate and online for various reasons. Participant 
9: “Feedback was there during the class or in the form of 
sending a message to my personal number to the students, 
but sometimes I might not be able to respond online”. Par-
ticipant 1 spoke about various methods of receiving and 
sending teacher feedback to students: “We could give 
feedback to students in various ways, such as through edu-
cational platforms during online classes or through other 
available messaging systems”.

Access  Regarding the different ways students can access 
teachers, Participant 14 said: “Now there are many ways 
to access teachers because they are usually present in all 
virtual system tools, they have an ID, they have a page 
and all that, and I do not think there is much difference 
between in-person and online teaching in this regard”.

Practical classes  The experts pointed to the weakness 
of learning practical classes through online education. 
Participant 14 stated, “Generally, clinical work is a very 
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big challenge in online subjects, and we cannot teach all 
clinical cases online. We cannot do this because one of the 
reasons is the issue of patient confidentiality”. Participant 
10 also said, “Some practical lessons, for example in the 
laboratory, cannot be taught virtually and online. Let us 
assume that we put a video for them to see, can we say 
that they learned the material?”

Evaluation  Participant 9 talked about the problems 
related to holding exams and the lack of readiness of 
teachers and students in this regard: “Usually, we assigned 
part of the grade to the tasks we gave to students, which 
again were not very reliable because someone else could 
have done it for them, but we had to trust them”. Partici-
pant 8 spoke about the problems related to online exams: 
“First, they had informed us at the time of the online exam 
that the students were gathering in groups and were tak-
ing the exam together and consultatively, and on the other 
hand, they were taking screenshots of the questions. Given 
the nature of the educational content, there is a limitation 
of questions in some topics, and this way, our entire ques-
tion bank was leaked”.

Strategies for enhancing active learning
One of the solutions that participants referred to was the 
pathology of e-learning. An analysis of approximately 
three years of university performance in using e-learn-
ing and identifying weaknesses can be the most impor-
tant solution for strengthening e-learning. Participant 8 
“Given that universities and stakeholders were not pre-
pared for this pandemic, the sudden and emergency use 
of e-learning naturally faced numerous challenges and 
weaknesses. However, the crucial point is that the medi-
cal education system should have the necessary resilience 
for the next crisis situation. To achieve this goal, identify-
ing weaknesses and damages that our e-learning has had 
during this period is very essential”. Participant 11: “The 
important point is that the education system’s readiness to 
deal with crisis situations should be constantly monitored 
and evaluated and not be limited to a short period after 
the pandemic”.

Another solution identified in this research is improv-
ing internet quality. Most interviewees believed that 
poor internet speed has been a fundamental problem 
in e-learning. Participant 16: “Some students living in 
remote areas and having less access to appropriate inter-
net had doubled e-learning problems”, Participant 1: “This 
issue even affected educational equity as these students 
could not effectively participate in classes”.

Producing effective educational content is another 
solution to strengthen e-learning. Accordingly, it is nec-
essary for faculty members to use diverse and attractive 

content to achieve the goal of enhancing students’ learn-
ing. (Participant 7): “Over time, professors moved toward 
producing varied content, including films, slides, podcasts, 
sounds, clips, etc. For instance, anatomy professors would 
go to the dissection room and film, then break the films 
into pieces and use special software to reduce their size, 
and upload them to the system”.

The use of blended learning methods combining in-
person and virtual instruction was proposed to enhance 
student evaluation. One of the participants stated, “The 
primary issue with e-learning was assessing the students 
while minimizing the chance for student dishonesty and 
cheating. To address this problem, I usually allocated a 
portion of the score to students’ assignments”.

The use of process-oriented evaluation was another 
solution proposed by participants in this research. “Con-
tinuous and ongoing evaluation can reduce the challenges 
of virtual assessment. Part of the students’ final score 
could be based on assignments and activities throughout 
the term, and the rest based on the end-of-term exam”.

Based on participants’ feedback, the lack of guide-
lines and instructions for e-learning was one of the main 
challenges when e-learning became mandatory. Con-
sequently, expediting the process of preparing and pub-
lishing e-learning guidelines, as well as their constant 
review, were identified as some of the most significant 
proposed solutions. Another proposed solution is to 
continue blended learning even after the pandemic ends. 
Participants believed that the quality of teaching could 
be improved through e-learning if it is used alongside in-
person instruction. However, opinions varied regarding 
its continuation. Some professors suggested that a spe-
cific percentage of each course’s sessions be held virtu-
ally. Another perspective was to use e-learning to provide 
supplementary educational content and assign students 
tasks. Some participants proposed that theoretical edu-
cational materials be prepared as standard educational 
content and provided to students before class. Then, dur-
ing in-person classes, this content should be analyzed 
and discussed for deeper learning.

One of the main challenges of e-learning is the inter-
action between the teacher and the student. Many inter-
viewees suggested that interventions aimed at enhancing 
teacher-student interaction are crucial for improving 
the quality of e-learning. To increase interaction with 
students, some professors used strategies such as ques-
tion-and-answer sessions, inviting student participation, 
assigning grades for student engagement, and creating 
interactive content. (P8): “To encourage participation, I 
would call out a student’s name and ask for their opinion. 
However, some students claimed that their microphone 
was not working, or the sound was not coming through, or 
they would give similar excuses”. In addition, identifying 
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and utilizing e-learning systems that offer numerous 
measures to engage students can be helpful.

Many interviewees believe that adequate accultura-
tion regarding the proper use of online education for 
all stakeholders, including students and their families, 
teachers, education managers, and experts, is crucial. 
Some participants considered the lack of proper accul-
turation as the main reason for resistance from some 
teachers and students against the use of the e-learning 
platform. Participant 7 stated, “In the beginning of using 
online education, some students were unable to partici-
pate effectively in the classes due to lack of cooperation 
from their families”. Finally, the success of each of the 
above solutions requires the management of resources 
and infrastructure. Almost all interviewees identified 
the lack of equipment and infrastructure as problem-
atic. For example, one of the professors (Participant 
14) stated, “Initially, we had problems both in electronic 
communication infrastructure and equipment. However, 
fortunately, this challenge turned into an opportunity. 
Because universities had to invest to rectify the deficien-
cies. Afterwards, with the utilization of this, all treat-
ment centers were equipped with e-learning systems and 
educational equipment”.

Discussion
The quantitative findings showed that the most signifi-
cant issues with online education were student coop-
eration (2.79) and student-teacher interaction (2.96). 
These results align with the study by Çakýroðlu and 
colleagues. Their research revealed that, from the per-
spective of selected students in Turkey, the weakest 
performance of online education was in the axis of stu-
dent cooperation (2.59 out of 5 points) [27]. In a study 
by Kim et  al., 62% of students were dissatisfied with 
the lack of interaction between the student and the 
teacher in online education. Interestingly, only approx-
imately one-third of teachers believed there was inad-
equate interaction with students [30]. These results 
indicate that teachers do not have a full understanding 
of students’ expectations regarding student-teacher 
interaction. Furthermore, students may have failed 
to communicate their expectations to their teachers. 
Clearly, stating the expectations of students and teach-
ers, organizing brainstorming sessions, and encourag-
ing active student participation can bridge the gap in 
perspectives. Student-teacher interaction is one of the 
main limitations created in online education. Abbasi 
and colleagues demonstrated in their study that 84% 
of medical science students believed that online edu-
cation limits the interaction between students and 
teachers [31]. Parker suggests that one reason for inad-
equate interaction in online education is the lack of 

understanding and professional development among 
some teachers. He believes that the teacher should 
take on the role of a “stimulator” rather than an “aca-
demic.” Accordingly, course design should be altered 
to incentivize student interaction. Using tools such as 
humor and sharing real-life stories can create a sense 
of intimacy that enhances interaction [32].

Other findings from this research showed that activ-
ity time and immediate feedback are independent and 
robust predictors for the interaction dimension. “Activ-
ity time,” means that teachers give students enough 
time to perform activities and assignments so they can 
complete them at a leisurely pace without running out 
of time [27]. In the present study, over 57% of partici-
pants were dissatisfied with the course schedule and 
timing set by teachers. Proper planning by teachers for 
activity completion is crucial. Teachers should, with a 
suitable plan, set appropriate deadlines for students to 
complete their activities, taking into account poten-
tial problems and giving students enough time. Timely 
feedback from students and teachers and analysis of 
feedback improves the effectiveness of online learn-
ing and teaching [33]. In the present study, among the 
axes of e-learning, students gave the highest score to 
immediate feedback. However, more than half of the 
participants (53.8%) believed that feedback from class-
mates and teachers was delayed. Teachers can use vari-
ous methods such as online education systems, email, 
and social networks to provide feedback. Addition-
ally, teachers should ensure that students receive their 
feedback.

In the quality phase, solutions for strengthening 
e-learning included e-learning pathology, improving 
internet quality, preparing diverse educational content, 
using physical and virtual student assessment, developing 
practical guidelines, equipment management, culturali-
zation, continued use of blended education after critical 
conditions, using process-based assessment methods, 
and strengthening student and teacher interaction. Simi-
lar solutions have been identified in other studies. For 
example, Dost et  al., considering the dissatisfaction of 
approximately half of the students with the quality of the 
internet, suggested improving its quality as a fundamen-
tal solution [34]. Nimavat et al. also suggested solutions 
such as culturalization, empowering teachers, effective 
time management, and managing equipment and infra-
structure [33].

Providing the necessary infrastructure for e-learning 
is a critical step in strengthening it. In many develop-
ing countries, a lack of resources and infrastructure has 
been a major problem in the path to virtualizing medi-
cal education [5, 28, 35]. However, the outbreak of the 
COVID-19 pandemic has provided an opportunity for 
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governments to create the necessary infrastructure 
through investment [33]. However, this problem per-
sists in some countries [36] and solving the problem 
requires attention to this issue in countries’ economic 
policies, and financial and equipment assistance from 
international institutions and advanced countries to 
underdeveloped countries.

The development of efficient guidelines can also 
accompany the strengthening of e-learning. The insuf-
ficient technical skills of teachers and students in using 
the e-learning platform have been a fundamental chal-
lenge during the COVID-19 pandemic. This negatively 
affects online education delivery [33]. Technical guides 
and instructions can be a basis for training teachers 
and students. Some of the interviewees in the present 
study believed that improving the quality of e-learning 
requires the participation of various education sectors, 
including information technology, education, regis-
tration, exams, resource management, and so on, and 
coordinating between these sectors requires develop-
ing transparent and clear instructions. However, it is 
essential that the guidelines be updated regularly with 
changing conditions. Access to these guidelines should 
also be facilitated.

Cultural development is another solution proposed 
in this study. The resistance of students and profes-
sors is a significant challenge for e-learning in coun-
tries. Cultivating an understanding of the necessity and 
applications of e-learning can reduce this resistance. 
Furthermore, ethical and uncivil abuses have caused 
some students and professors to feel less secure dur-
ing e-learning [31]. On the other hand, reports indicate 
student restrictions by families to participate in virtual 
classes [33]. To address these challenges, cultural devel-
opment could be a useful solution.

The use of a combined evaluation of physical and 
virtual presence is another proposed solution in this 
study. Using purely virtual evaluations raises concerns 
for professors about potential abuses by students dur-
ing examinations [37]. To alleviate these concerns, 
many universities use a hybrid approach for student 
evaluation. For example, in Indonesia, online exami-
nations focusing on the camera’s transparency were 
used to evaluate students’ cognitive performance. For 
practical skills assessment, they used a hybrid OSCE 
exam. Students were present on site at examination sta-
tions, while examiners observed the performances live 
through cameras and online conferences [38]. Utilizing 
other innovations, such as conducting a portion of the 
course’s exam in person and part virtually, using simu-
lators, and switching from final evaluations to forma-
tive assessments can strengthen this dimension of 
e-learning [33].

Limitations of the study
The population of this study was limited to medical stu-
dents of medical sciences universities in Mazandaran 
province. On the other hand, we evaluated all educa-
tional levels together and considering that the challenges 
are different in different educational levels and in differ-
ent fields and in different universities, it may affect the 
overall results.

Conclusions
In conclusion, the solutions identified in this study, if 
accompanied by structural and process modifications in 
e-learning, can have the necessary effectiveness and sus-
tainable changes. Stakeholder commitment is a key pre-
requisite for the success of these solutions. Therefore, the 
participation of all stakeholders, including administra-
tors, professors, students, and families, should be sought 
in their implementation.

In this vein, conducting similar studies in different 
fields can create a more accurate understanding of the 
challenges of e-learning in the country and solutions for 
strengthening it. It is also recommended to analyze and 
study the challenges of e-learning from the perspective 
of other stakeholders such as educational administrators 
and student families.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12909-​023-​04725-z.

Additional file 1: Appendix Table 1. Relationship between the interac‑
tion dimension with the sub-dimensions of the teaching dimension and 
the learning dimension. Appendix Table 2. Relationship between the 
learning dimension with the axes of the interaction dimension and the 
teaching dimension.

Acknowledgments
This article is part of a master’s thesis in Health Services Management, sup‑
ported by Islamic Azad University, Sari Branch. The authors sincerely appreci‑
ate all the administrators and officials of Mazandaran University of Medical 
Sciences, Babol, and Islamic Azad University, Sari Branch, who cooperated in 
this research.

Authors’ contributions
GH.M, MA. J and A.G were the principal investigators and designed the study. 
M. A searched literature. Z.F, A.G and A.D collected data and prepared data for 
analysis. MA.J and GH.M supervised data collection. HA.N analyzed data. M.A, 
A.D, HA.N and S.D drafted the manuscript and both GH.M and MA.J supported 
drafting the manuscript. S.D translated to native english of the research. All 
authors have provided comments and critical revisions to the manuscript. All 
authors approved the final manuscript prior to submission.

Funding
There was no financial support in the design of the study, data collection, 
analysis and interpretation of the results and writing of this article.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

https://doi.org/10.1186/s12909-023-04725-z
https://doi.org/10.1186/s12909-023-04725-z


Page 13 of 14Jahani et al. BMC Medical Education          (2023) 23:754 	

Declarations

Ethics approval and consent to participate
All procedures performed in this study were approved by the Scientific and 
Ethics Committee of the Islamic Azad University, Sari Branceh, Sari, Iran (no. 
IR.IAU.SARI.REC.1401.061). Moreover, an informed consent was obtained from 
all the participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Social Determinants of Health Research Center, Health Research Institute, 
Babol University of Medical Sciences, Babol, Iran. 2 Hospital Administration 
Research Center, Sari Branch, Islamic Azad University, Sari, Iran. 3 Institute 
for the Developing Mind, Children’s Hospital Los Angeles, Keck School 
of Medicine, University of Southern California, Los Angeles, CA, USA. 4 Depart‑
ment of Health Economics and Management, School of Public Health, Tehran 
University of Medical Sciences, Tehran, Iran. 5 Babol Education Department, 
Babol, Iran. 

Received: 1 August 2023   Accepted: 25 September 2023

References
	1.	 World Health Organization. Statement on the fifteenth meeting of the 

International Health Regulations (2005) Emergency Committee regarding 
the coronavirus disease (COVID-19) pandemic 2023 [Available from: 
https://​www.​who.​int/​news/​item/​05-​05-​2023-​state​ment-​on-​the-​fifte​enth-​
meeti​ng-​of-​the-​inter​natio​nal-​health-​regul​ations-​(2005)-​emerg​ency-​
commi​ttee-​regar​ding-​the-​coron​avirus-​disea​se-​(covid-​19)-​pande​mic.

	2.	 World Health Organization. WHO Coronavirus (COVID-19) Dashboard 
2023. [Available from: https://​covid​19.​who.​int/.

	3.	 Alizadeh H, Sharifi A, Damanbagh S, Nazarnia H, Nazarnia M. Impacts 
of the COVID-19 pandemic on the social sphere and lessons for crisis 
management: a literature review. Nat Hazards. 2023;10:1–26. https://​doi.​
org/​10.​1007/​s11069-​023-​05959-2. PMID: 37360799.

	4.	 Papapanou M, Routsi E, Tsamakis K, Fotis L, Marinos G, Lidoriki I, et al. 
Medical education challenges and innovations during COVID-19 
pandemic. Postgradmedj. 2022;98(1159):321–7. https://​doi.​org/​10.​1136/​
postg​radme​dj-​2021-​140032. PMID: 33782202.

	5.	 Alsoufi A, Alsuyihili A, Msherghi A, Elhadi A, Atiyah H, Ashini A, et al. 
Impact of the COVID-19 pandemic on medical education: Medical stu‑
dents’ knowledge, attitudes, and practices regarding electronic learning. 
PLoS One. 2020;15(11):e0242905. https://​doi.​org/​10.​1371/​journ​al.​pone.​
02429​05. PMID: 33237962.

	6.	 Dedeilia A, Sotiropoulos MG, Hanrahan JG, Janga D, Dedeilias P, Sideris 
M. Medical and surgical education challenges and innovations in the 
COVID-19 era: a systematic review. In Vivo. 2020;34(3 suppl):1603–11. 
https://​doi.​org/​10.​21873/​invivo.​11950. PMID: 32503818.

	7.	 Singh K, Srivastav S, Bhardwaj A, Dixit A, Misra S. Medical education during 
the COVID-19 pandemic: a single institution experience. Indian Pediatr. 
2020;57:678–9. https://​doi.​org/​10.​1007/​s13312-​020-​1899-2. PMID: 32366728.

	8.	 Shahrvini B, Baxter SL, Coffey CS, MacDonald BV, Lander L. Pre-clinical 
remote undergraduate medical education during the COVID-19 pan‑
demic: a survey study. BMC Med Educ. 2021;21(1):1–13. https://​doi.​org/​
10.​1186/​s12909-​020-​02445-2. PMID: 33407376.

	9.	 Wanigasooriya K, Beedham W, Laloo R, Karri RS, Darr A, Layton GR, et al. 
The perceived impact of the Covid-19 pandemic on medical student 
education and training – an international survey. BMC Med Educ. 
2021;21(1):566. https://​doi.​org/​10.​1186/​s12909-​021-​02983-3. PMID: 
34753477.

	10.	 Rallis KS, Allen-Tejerina AM. Tele-oncology in the COVID-19 era: are medi‑
cal students left behind? Trends Cancer. 2020;6(10):811–2. https://​doi.​org/​
10.​1016/j.​trecan.​2020.​08.​001. PMID: 32863197 PMCID.

	11.	 Alqudah NM, Jammal HM, Saleh O, Khader Y, Obeidat N, Alqudah J. 
Perception and experience of academic Jordanian ophthalmologists with 
E-learning for undergraduate course during the COVID-19 pandemic. 
Ann Med Surg. 2020;59:44–7. https://​doi.​org/​10.​1016/j.​amsu.​2020.​09.​014. 
PMID: 32934810.

	12.	 Tsang ACO, Shih KC, Chen JY. Clinical skills education at the bed-side, 
web-side and lab-side. Med Educ. 2021;55(1):112–4. https://​doi.​org/​10.​
1111/​medu.​14394. PMID: 33047370.

	13.	 Wurth S, Sader J, Cerutti B, Broers B, Bajwa NM, Carballo S, et al. Medical 
students’ perceptions and coping strategies during the first wave of 
the COVID-19 pandemic: studies, clinical implication, and professional 
identity. BMC Med Educ. 2021;21(1):620. https://​doi.​org/​10.​1186/​s12909-​
021-​03053-4. PMID: 35365127.

	14.	 Gaur U, Majumder MAA, Sa B, Sarkar S, Williams A, Singh K. Challenges 
and opportunities of preclinical medical education: COVID-19 crisis and 
beyond. SN Compr Clin Med. 2020;2(11):1992–7. https://​doi.​org/​10.​1007/​
s42399-​020-​00528-1. PMID: 32984766.

	15.	 Chowdhury T, Rizk AA. Ongoing COVID-19 pandemic and medical 
education: pros and cons. J Anaesthesiol Clin Pharmacol. 2022;38(Suppl 
1):S1-s2. https://​doi.​org/​10.​4103/​joacp.​joacp_​158_​21. PMID: 36060182.

	16.	 Kumar A, Sarkar M, Davis E, Morphet J, Maloney S, Ilic D, et al. Impact of 
the COVID-19 pandemic on teaching and learning in health profes‑
sional education: a mixed methods study protocol. BMC Med Educ. 
2021;21(1):439. https://​doi.​org/​10.​1186/​s12909-​021-​02871-w. PMID: 
34412603.

	17.	 McCoy L, Pettit RK, Kellar C, Morgan C. Tracking active learning in the 
medical school curriculum: a learning-centered approach. J Med Educ 
Curric Dev. 2018;5:2382120518765135. https://​doi.​org/​10.​1177/​23821​
20518​765135.

	18.	 Freeman S, Eddy SL, McDonough M, Smith MK, Okoroafor N, Jordt H, 
Wenderoth MP. Active learning increases student performance in science, 
engineering, and mathematics. PNAS. 2014;111(23):8410–5. https://​doi.​
org/​10.​1073/​pnas.​13190​30111.

	19.	 Minter DJ, Geha R, Manesh R, Dhaliwal G. The future comes early for 
medical educators. J Gen Intern Med. 2021;36:1400–3. https://​doi.​org/​10.​
1007/​s11606-​020-​06128-y. PMID: 32875502.

	20.	 Tsamakis K, Tsiptsios D, Ouranidis A, Mueller C, Schizas D, Terniotis C, 
et al. COVID-19 and its consequences on mental health. Exp Ther Med. 
2021;21(3):244. https://​doi.​org/​10.​3892/​etm.​2021.​9675. PMID: 33603852.

	21.	 Mehta N, End C, Kwan JC, Bernstein S, Law M. Adapting medical educa‑
tion during crisis: student-faculty partnerships as an enabler of success. 
Med Teach. 2022;44(6):688–9. https://​doi.​org/​10.​1080/​01421​59X.​2020.​
18112​15. PMID: 32915091.

	22.	 Jhajj S, Kaur P, Jhajj P, Ramadan A, Jain P, Upadhyay S, et al. Impact of 
Covid-19 on medical students around the globe. JCHIMP. 2022;12(4):1–6. 
https://​doi.​org/​10.​55729/​2000-​9666.​1082. PMID: 36262896.

	23.	 Hoofman J, Secord E. The effect of COVID-19 on education. Pediatr Clin 
North Am. 2021;68(5):1071–9. https://​doi.​org/​10.​1016/j.​pcl.​2021.​05.​009.

	24.	 Connolly N, Abdalla ME. Impact of COVID-19 on medical education in 
different income countries: a scoping review of the literature. Med Educ 
Online. 2022;27(1):2040192. https://​doi.​org/​10.​1080/​10872​981.​2022.​
20401​92. PMID: 35317712.

	25.	 Bowen PW, Rose R, Pilkington A. Mixed methods-theory and practice. 
Sequential, explanatory approach. IJQQRM. 2017;5(2):10–27. Available at: 
http://​www.​eajou​rnals.​org/​wp-​conte​nt/​uploa​ds/​Mixed-​Metho​ds-​Theory-​
and-​Pract​ice.-​Seque​ntial-​Expla​natory-​Appro​ach.​pdf.

	26.	 Johnson PO. Development of the sample survey as a scientific methodol‑
ogy. J Exp Educ. 1959;27(3):167–76. https://​doi.​org/​10.​1080/​00220​973.​
1959.​11010​620.

	27.	 Çakýroglu Ü. Evaluating students’ perspectives about virtual classrooms 
with regard to seven principles of good practice. S Afr J Educ. 2014;34(2). 
https://​doi.​org/​10.​15700/​20141​20712​01.

	28.	 Ghanavatizadeh A, Mahmoudi G, Jahani M-A. Evaluation of online educa‑
tion of medical students during the covid-19 pandemic: a case study 
in northern Iran. J Med Edu Dev. 2021;16(48):19–26. https://​doi.​org/​10.​
52547/​edcj.​15.​48.9.

	29.	 Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 
2006;3(2):77–101. https://​doi.​org/​10.​1191/​14780​88706​qp063​oa.

	30.	 Kim JW, Myung SJ, Yoon HB, Moon SH, Ryu H, Yim J-J. How medical edu‑
cation survives and evolves during COVID-19: our experience and future 

https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic
https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic
https://www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-coronavirus-disease-(covid-19)-pandemic
https://covid19.who.int/
https://doi.org/10.1007/s11069-023-05959-2
https://doi.org/10.1007/s11069-023-05959-2
https://doi.org/10.1136/postgradmedj-2021-140032
https://doi.org/10.1136/postgradmedj-2021-140032
https://doi.org/10.1371/journal.pone.0242905
https://doi.org/10.1371/journal.pone.0242905
https://doi.org/10.21873/invivo.11950
https://doi.org/10.1007/s13312-020-1899-2
https://doi.org/10.1186/s12909-020-02445-2
https://doi.org/10.1186/s12909-020-02445-2
https://doi.org/10.1186/s12909-021-02983-3
https://doi.org/10.1016/j.trecan.2020.08.001
https://doi.org/10.1016/j.trecan.2020.08.001
https://doi.org/10.1016/j.amsu.2020.09.014
https://doi.org/10.1111/medu.14394
https://doi.org/10.1111/medu.14394
https://doi.org/10.1186/s12909-021-03053-4
https://doi.org/10.1186/s12909-021-03053-4
https://doi.org/10.1007/s42399-020-00528-1
https://doi.org/10.1007/s42399-020-00528-1
https://doi.org/10.4103/joacp.joacp_158_21
https://doi.org/10.1186/s12909-021-02871-w
https://doi.org/10.1177/2382120518765135
https://doi.org/10.1177/2382120518765135
https://doi.org/10.1073/pnas.1319030111
https://doi.org/10.1073/pnas.1319030111
https://doi.org/10.1007/s11606-020-06128-y
https://doi.org/10.1007/s11606-020-06128-y
https://doi.org/10.3892/etm.2021.9675
https://doi.org/10.1080/0142159X.2020.1811215
https://doi.org/10.1080/0142159X.2020.1811215
https://doi.org/10.55729/2000-9666.1082
https://doi.org/10.1016/j.pcl.2021.05.009
https://doi.org/10.1080/10872981.2022.2040192
https://doi.org/10.1080/10872981.2022.2040192
http://www.eajournals.org/wp-content/uploads/Mixed-Methods-Theory-and-Practice.-Sequential-Explanatory-Approach.pdf
http://www.eajournals.org/wp-content/uploads/Mixed-Methods-Theory-and-Practice.-Sequential-Explanatory-Approach.pdf
https://doi.org/10.1080/00220973.1959.11010620
https://doi.org/10.1080/00220973.1959.11010620
https://doi.org/10.15700/201412071201
https://doi.org/10.52547/edcj.15.48.9
https://doi.org/10.52547/edcj.15.48.9
https://doi.org/10.1191/1478088706qp063oa


Page 14 of 14Jahani et al. BMC Medical Education          (2023) 23:754 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

direction. PloS One. 2020;15(12):e0243958. https://​doi.​org/​10.​1371/​journ​
al.​pone.​02439​58. PMID: 33338045.

	31.	 Abbasi S, Ayoob T, Malik A, Memon SI. Perceptions of students regarding 
E-learning during Covid-19 at a private medical college. Pak J Med Sci. 
2020;36(Covid19-s4):S57–61. https://​doi.​org/​10.​12669/​pjms.​36.​COVID​19-​
S4.​2766.

	32.	 Parker A. Interaction in distance education: the critical conversation. 
AACE Review. 2020:13–7. Available at: www.​learn​techl​ib.​org/​prima​ry/p/​
8117/.

	33.	 Nimavat N, Singh S, Fichadiya N, Sharma P, Patel N, Kumar M, et al. Online 
medical education in India - different challenges and probable solutions 
in the age of COVID-19. Adv Medical Educ Pract. 2021;12:237–43. https://​
doi.​org/​10.​2147/​AMEP.​S2957​28. PMID: 33692645.

	34	 Dost S, Hossain A, Shehab M, Abdelwahed A, Al-Nusair L. Perceptions 
of medical students towards online teaching during the COVID-19 
pandemic: a national cross-sectional survey of 2721 UK medical students. 
BMJ open. 2020;10(11):e042378. https://​doi.​org/​10.​1136/​bmjop​en-​2020-​
042378. PMID: 33154063.

	35	 Lakbala P. Barriers in implementing E-learning in Hormozgan University of 
Medical Sciences. Glob J Health Sci. 2016;8(7):83–92. https://​doi.​org/​10.​
5539/​gjhs.​v8n7p​83. PMID: 26925885.

	36.	 Eli-Chukwu NC, Igbokwe IC, Ifebude B, Nmadu D, Iguodala W, Uma U, 
et al. Challenges confronting e-learning in higher education institutions 
in Nigeria amid Covid-19. J Appl Res High Educ. 2023;15(1):238–53. 
https://​doi.​org/​10.​1108/​JARHE-​09-​2021-​0346.

	37	 Cleland J, McKimm J, Fuller R, Taylor D, Janczukowicz J, Gibbs T. Adapting 
to the impact of COVID-19: Sharing stories, sharing practice. Med Teach. 
2020;42(7):772–5. https://​doi.​org/​10.​1080/​01421​59X.​2020.​17576​35. PMID: 
32401079.

	38	 Rahayu GR, Utomo PS, Riskiyana R, Hidayah RN. Opportunity amid crisis 
in medical education: teaching during the pandemic of COVID-19. J 
Multidiscip Healthc. 2022;15:2493–502. https://​doi.​org/​10.​2147/​JMDH.​
S3791​40. PMID: 36345356.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0243958
https://doi.org/10.1371/journal.pone.0243958
https://doi.org/10.12669/pjms.36.COVID19-S4.2766
https://doi.org/10.12669/pjms.36.COVID19-S4.2766
https://www.learntechlib.org/primary/p/8117/
https://www.learntechlib.org/primary/p/8117/
https://doi.org/10.2147/AMEP.S295728
https://doi.org/10.2147/AMEP.S295728
https://doi.org/10.1136/bmjopen-2020-042378
https://doi.org/10.1136/bmjopen-2020-042378
https://doi.org/10.5539/gjhs.v8n7p83
https://doi.org/10.5539/gjhs.v8n7p83
https://doi.org/10.1108/JARHE-09-2021-0346
https://doi.org/10.1080/0142159X.2020.1757635
https://doi.org/10.2147/JMDH.S379140
https://doi.org/10.2147/JMDH.S379140

	Strengthening E-learning strategies for active learning in crisis situations: a mixed-method study in the COVID-19 pandemic
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Background
	Objective

	Methods
	Quantitative phase, examination of the quantity and quality of e-learning from students’ perspective
	Participants
	Measurements
	Data analysis

	Qualitative phase: strategies for enhancing E-learning in crisis conditions
	Participants
	Measurements
	Analysis


	Results
	Quantitative phase results
	Qualitative phase results
	Infrastructure
	Resources
	Quantity of education
	Quality of education

	Strategies for enhancing active learning

	Discussion
	Limitations of the study
	Conclusions
	Anchor 30
	Acknowledgments
	References


