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Abstract
Background  The abrupt onset of the COVID-19 pandemic compelled universities to swiftly establish online teaching 
and learning environments that were not only immediately deployable but also conducive to high-quality education. 
This study aimed to compare the effectiveness of the online synchronous and asynchronous teaching formats in 
the dermatology lecture for undergraduate medical students, including academic performance, self-efficacy, and 
cognitive load.

Methods  A total of 170 fourth-year undergraduate medical students attending the dermatology lecture were 
included. The lecture was delivered using both the synchronous method (live online lecture via Webex meeting) 
and the asynchronous method (lecture videos shared on YouTube). The students had the freedom to choose their 
preferred method of attending the online lecture. The study assessed three main aspects: (1) learning outcomes 
measured through pretest, posttest, and retention test scores; (2) cognitive load experienced by students, including 
mental load and mental effort measured using eight items; and (3) satisfaction levels with each online teaching 
format.

Results  In this study, 70 students opted for the synchronous online lecture, while 100 students chose the 
asynchronous online lecture. Both synchronous and asynchronous teaching methods exhibited significant 
improvements in post and retention test scores compared to the pretest. Satisfaction levels, rated on a scale of 0–5, 
were generally high for both teaching methods, with no significant differences observed (4.6 for synchronous, 4.53 for 
asynchronous; p =.350). Regarding cognitive load, the synchronous method showed a significantly lower level than 
the asynchronous method (p =.0001). Subgroup analysis revealed no difference in mental effort (p =.0662), but the 
level of mental load was lower in the synchronous method (p =.0005).

Conclusions  Both synchronous and asynchronous online teaching methods demonstrated improvements in 
learning outcomes and high levels of student satisfaction. However, the cognitive load experienced by students was 
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Background
The global spread of COVID-19 has expanded a dis-
tinctive moment for the progress of online education. 
With students originating from 190 countries, number-
ing in the billions, have been required to transition to 
remote learning, termed emergency remote teaching 
(ERT) [1–3]. When considering the temporal dimension, 
online learning can be broadly classified into two catego-
ries: asynchronous and synchronous [4]. Asynchronous 
online learning allows students to independently access 
online curricular materials at their convenience, freeing 
them from temporal and spatial constraints imposed by 
teacher-student interaction [5]. While providing flex-
ibility in terms of time, asynchronous learning places a 
higher demand on students’ self-discipline due to lim-
ited interaction with instructors. In contrast, synchro-
nous online learning requires students and teachers to 
synchronize schedules for real-time communication, 
simulating a physically present classroom environment 
despite geographic separation [5]. Hence, according to 
some scholars, asynchronous online learning is con-
sidered “individually based,” while synchronous online 
learning is perceived as resembling traditional classroom 
instruction [6].

Undoubtedly, online education brings numerous 
advantages, including convenience, enhanced interac-
tion, and improved learning effectiveness. However, it is 
important to acknowledge reported disadvantages, such 
as technical challenges, subpar academic performance, 
and limited practical knowledge acquisition [7, 8]. Tech-
nical challenges may include the absence of personal 
computers or reliable internet connections, particularly 
for individuals from lower socioeconomic backgrounds. 
To assess whether the benefits outweigh the drawbacks, 
evaluating satisfaction levels is considered a crucial indi-
cator of online educational program quality [9]. 

Approximately four decades ago, Albert Bandura intro-
duced the concept of “self-efficacy” [10]. Self-efficacy 
refers to the belief in one’s ability to effectively organize 
and execute actions necessary to achieve specific goals 
[11]. It significantly impacts various performance aspects 
crucial for learning, including effort exertion and per-
sistence in completing tasks [12]. In online learning, 
self-efficacy is recognized as a critical factor influencing 
learners’ performance and persistence. It serves as a reli-
able predictor of academic achievements and contributes 
to adaptability, perseverance, and effective coping, even 
in the face of limited prior online learning experience 
[13].

In the design of effective medical education, it is essen-
tial to consider the concept of cognitive load (CL) [14]. 
CL encompasses an individual’s cognitive capacity used 
for task performance, learning, or problem-solving [15, 
16]. It consists of both a causal dimension involving the 
interaction between individual and task characteristics, 
and an assessment dimension including quantifiable ele-
ments like mental load (ML), mental effort (ME), and 
performance [15]. ML represents task-related cogni-
tive capacity, while ME reflects an individual’s cognitive 
capacity during task engagement. According to Sweller 
et al., ML and ME are distinct constructs usually posi-
tively correlated [17]. Performance can be considered one 
aspect of CL, or in some cases, an indicator of CL [15, 
18]. In this study, we investigated students’ ML, ME, and 
performance to comprehensively understand all aspects 
of students’ CL.

Research findings on the impact of synchronous and 
asynchronous teaching settings on student perfor-
mance exhibit some degree of ambiguity. Nieuwoudt JE 
(2020) discovered that there was no difference in student 
achievement based on whether students attended syn-
chronous virtual classes or viewed recordings of these 
classes [19]. However, the actual time students spent par-
ticipating in and engaging with the online learning sys-
tem did significantly influence their academic success. 
The study aims to evaluate the acceptance of synchro-
nous and asynchronous online learning environments 
among fourth-year undergraduate medical students, 
exploring academic performance, self-efficacy, and cog-
nitive load.

Materials and methods
Ethics
The Institutional Review Board of Tri-Service Gen-
eral Hospital conducted a thorough review and granted 
approval for this study (TSGHIRB No.: C202105012).

Research design, setting, and sample
In Taiwan, the medical education system encompasses 
a six-year curriculum. The initial two years focus on lib-
eral education, followed by a three-year preclinical stage 
where students explore the intricacies of both healthy 
and diseased bodily functions. The subsequent clinical 
stage, the sixth year, involves a transition from the class-
room to the hospital setting. During this phase, students 
actively engage in hands-on learning through direct 
patient care, actively participating in medical procedures 
and patient management under the guidance of residents 

lower in the synchronous setting compared to the asynchronous setting. These findings remind health professions 
educators that they would consider the students’ cognitive load when designing online curricula.
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and attending physicians. This active involvement posi-
tions them as integral members of the healthcare team.

Specifically, in the fourth year, all medical students 
attend lectures of the cutaneous system, which comprises 
18 different sessions. Our study was done in a lecture 
on dermatitis covers topics such as atopic dermatitis, 
nummular eczema, lichen simplex chronicus, prurigo 
nodularis, contact dermatitis, seborrheic dermatitis, and 
asteatotic dermatitis. The delivery of this lecture incor-
porates both synchronous methods, utilizing online 
live lectures via Webex meetings, and asynchronous 
methods, featuring lecture videos shared on YouTube. 
Students had the autonomy to choose their preferred 
method of attending the online lecture. Out of the initial 
group of 175 students, 5 had incomplete data and were 
consequently excluded from the analysis. This exclusion 
resulted in a final sample size of 170 out of 175, repre-
senting 97.14% of the initial cohort.

The synchronous module consisted of live lectures con-
ducted using Cisco Webex Meetings, an online meeting 
app, at a scheduled date and time. Both the instructor 
and students participated in the online lecture through 
the app. This method allowed students to engage in dis-
cussions and address their questions either during the 
lecture or immediately afterward.

In the asynchronous module, students were provided 
with the video link, pretest, posttest, and questionnaire 
through the student response system (SRS) called Zuvio 
APP. Zuvio APP is an online platform that facilitates 
interaction and feedback. Within this app, students had 
the opportunity to ask questions, and the teaching faculty 
promptly responded to them [20].

Each class within the study incorporated pretest, post-
test, and retention test assessments consisting of five 
different questions. The test quizzes underwent review 
by six dermatologists. The lecture commenced with the 
administration of the pretest, followed by the posttest 
immediately after the lectures. One week later, the short-
term retention test was administered. The quizzes in the 
pretest and posttest were the same, but the quizzes in 
retention test were different. All three scores (pre-test, 
post-test, and retention test) were deemed valid and uti-
lized for statistical analysis.

The questionnaire pertaining to self-efficacy for learn-
ing and performance was administered both before 
and after the lectures, employing a quantitative 5-point 
Likert-type response scale ranging from 1 (strongly dis-
agree, representing the lowest degree) to 5 (strongly 
agree, representing the highest degree; Table S1-S4) 
[21]. The questionnaire gauging students’ cognitive load 
was administered after the lectures utilizing a 7-point 
Likert-type response scale, ranging from 1 (strongly dis-
agree, the lowest degree) to 7 (strongly agree, the highest 
degree; Table S5) [22]. It includes measures of students’ 

ML and ME as control variables in educational research. 
Additionally, a satisfaction questionnaire, using a 5-point 
Likert-type response scale ranging from 1 (strongly dis-
agree, the lowest degree) to 5 (strongly agree, the highest 
degree), was administered after the lectures. The satisfac-
tion questionnaire aimed to evaluate students’ experi-
ences with each online teaching module.

This study encompassed questionnaires to explore stu-
dents’ opinions on self-efficacy for learning and perfor-
mance, cognitive load, and their preference for the online 
teaching module. To ensure anonymity and promote 
honest responses, the survey did not collect any student 
identifiers, allowing participants to express their opinions 
without fear of recognition.

The mean ± 95% confidence intervals (CIs) were used to 
express the scores of the pretest, posttest, and retention 
test. The differences within each module were analyzed 
using the Wilcoxon matched-pairs signed rank test. To 
compare the two modules, Mann-Whitney U-test was 
employed. Statistical significance was determined with a 
two-tailed p-value threshold of less than 0.05.

Results
A total of 175 4th -year medical students were enrolled in 
the preclinical dermatologic lecture at National Defense 
Medical Center, and they can choose the way to attend 
the lecture, either synchronized or unsynchronized 
online methods. Of these students, there were 72 stu-
dents chose the synchronous module, and 103 students 
chose the asynchronous module. However, there were 5 
students with incomplete data and were excluded from 
the analysis (2 students in the synchronous module; 3 
students in asynchronous module, Fig. 1). In each group, 
they had to complete pretest, posttest, retention test, and 
questionnaire.

Learning outcomes within synchronous and asynchronous 
online teaching
By comparing the scores of the posttest and retention test 
with those of the pretest, we evaluated the learning out-
come improvements for each teaching module. The anal-
ysis yielded statistically significant improvements in both 
the posttest and retention scores for both instructional 
methods (p <.0001, as shown in Table 1; Fig. 2).

Differences in learning outcomes between synchronous 
and asynchronous online teaching
To determine any difference in learning performance 
between the asynchronous and synchronous methods, 
we compared the scores of the pretest, posttest, and 
retention test across the two groups. The findings indi-
cated no significant difference between the asynchronous 
and synchronous methods (pretest, p =.7785; posttest, 
p =.5559; retention test, p =.4435; Table 2).



Page 4 of 8Hung et al. BMC Medical Education          (2024) 24:326 

Student response to self-efficacy for learning and 
performance within synchronous and asynchronous online 
teaching
To ascertain the impact of synchronous and asynchro-
nous online teaching on students’ self-efficacy for learn-
ing and performance, we compared the individual 
differences between pre-lecture and post-lecture self-effi-
cacy scores. The results revealed a significant improve-
ment in self-efficacy for both instructional methods 
(p <.0001, Table 3, Table S1, and Table S2).

To determine any disparity in self-efficacy for learning 
and performance between the asynchronous and syn-
chronous methods, we compared the scores of the ques-
tionnaire across the two groups. The results indicated 
no significant difference between the synchronous and 

asynchronous methods (pre-lecture, p =.5004; post-lec-
ture, p =.6388; Table 3, Table S3, and Table S4).

Differences in student response to cognitive load between 
synchronous and asynchronous online teaching
We aimed to examine the impact of synchronous and 
asynchronous online teaching on students’ cognitive 
load (Table  4 and Table S5). The results indicated that 
students’ cognitive load was significantly lower in the 
synchronous online teaching compared to the asynchro-
nous online method (2.53 vs. 2.84, p =.0001, as shown in 
Table  4). However, the effect sizes were small. In sub-
group analysis, the ML was significantly lower in the 
synchronous method compared to the asynchronous 
method (2.52 vs. 2.86, p =.0005). Although the ME was 

Table 1  Mean scores of pre, post, and retention tests in synchronous and asynchronous modules
Online module Pretest score

Mean (95% CI)
Posttest score
Mean (95% CI)

Post vs. Pre-test Retention Test
Mean (95% CI)

Retention vs. Pre-test
Cohen’s d p value Cohen’s d p value

Synchronous
(n = 70)

67.43 (7.90) 88.86 (5.08) 0.755 < 0.0001 92.57 (2.78) 0.994 < 0.0001

Asynchronous
(n = 100)

69.4 (6.17) 91 (3.79) 0.827 < 0.0001 91.4 (2.31) 0.926 < 0.0001

Fig. 1  The flowchart of study population selection
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lower in the synchronous method than in the asynchro-
nous method, the difference was not statistically signifi-
cant (2.548 vs. 2.79, p =.0662).

Students’ satisfaction with synchronous and asynchronous 
online teaching
To assess students’ satisfaction with synchronous and 
asynchronous online teaching, we administered a ques-
tionnaire using a Likert 5-point scale (Table 5). There was 
no statistically significant difference between the syn-
chronous module and the asynchronous module [Mean 
score (SD): 4.6 (0.55) for synchronous, 4.53 (0.54) for 
asynchronous, respectively, p =.350].

Discussion
The objective of this study was to assess the students’ 
academic performance, self-efficacy, and cognitive load 
in two online learning methods. The results of our study 
revealed that both methods significantly improved stu-
dents’ learning. When comparing the two online meth-
ods, the synchronous method showed a trend toward 
higher scores than the asynchronous method but did not 
reach statistical significance. These findings align with 
a previous meta-analysis that also found no significant 
difference in students’ performance scores when com-
paring synchronous and asynchronous education meth-
ods [23]. Similar conclusions were drawn in a study by 
Nieuwoudt JE at Southern Cross University in Australia, 
which found no statistically significant difference in final 
grades between attending synchronous virtual classes 
and watching recorded classes [19].

Self-efficacy was examined to know the different online 
modules influenced students’ ability to accomplish a 
task and confidence to perform that task [24]. Self-effi-
cacy is an important predictor of academic success, as 
an increase in self-efficacy promotes one’s engagement 
in learning and improves learning outcomes [25]. Com-
pared to students’ responses to self-efficacy at pre-lec-
ture, both methods showed significant improvement at 

Table 2  Comparison of pre, post, and retention test scores 
between synchronous and asynchronous modules

Test score, Mean (95% CI) Cohen’s d p value
Pretest
  Synchronous 67.43 (7.90) 0.06 0.7785
  Asynchronous 69.4 (6.17)
Posttest
  Synchronous 88.86 (5.08) 0.103 0.5559
  Asynchronous 91 (3.79)
Retention test
  Synchronous 92.57 (2.78) 0.099 0.4435
  Asynchronous 91.4 (2.31)

Table 3  Comparison of self-efficacy for learning and 
performance in synchronous and asynchronous modules
Self-Efficacy
Online module

Pre-lecture,
Mean

Post-lecture,
Mean

Post vs. 
Pre
p value

Synchronous 3.91 4.29 < 0.0001
Asynchronous 3.88 4.26 < 0.0001
Synchronous vs. 
Asynchronous,
Cohen’s d 0.03 0.036 -
p value 0.5004 0.6388 -

Table 4  Comparison of cognitive load between synchronous 
and asynchronous modules
Online 
module

Synchronous Asynchronous Cohen’s d p value

Cognitive load 2.53 2.84 0.218 0.0001
  Mental load 2.52 2.86 0.244 0.0005
  Mental 
effort

2.548 2.79 0.173 0.0662

Table 5  Comparison of students’ satisfaction between 
synchronous and asynchronous modules
Online module Satisfaction, Mean (SD) Cohen’s d p value
Synchronous 4.6 (0.55) 0.129 0.350
Asynchronous 4.53 (0.54)

Fig. 2  Mean scores of pre, post, and retention tests in synchronous and 
asynchronous modules
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post-lecture (p <.0001). There is a trend toward higher 
scores in the synchronous online method than in the 
asynchronous method, but that this did not reach statisti-
cal significance. This suggests that both online education 
methods are effective in improving students’ self-efficacy. 
Previous studies revealed that students who possessed 
higher levels of self-efficacy demonstrated a greater like-
lihood of actively participating in the online course and 
persevering throughout the semester [26, 27]. It also 
aligns with the theoretical concept of learning presence, 
which emphasizes the significance of students’ confi-
dence in their ability to succeed as a crucial factor in their 
engagement with online coursework [28].

The cognitive load model proposes that there are two 
dimensions to consider: a causal dimension that consid-
ers the interplay between the learners’ characteristics 
and task, and an assessment dimension that focuses on 
measurable aspects of mental load, mental effort, and 
performance [15]. Several articles were dedicated to 
employing cognitive theory in online learning with the 
goal of enhancing students’ learning effectiveness [29–
32]. Nonetheless, limited research has been conducted 
to examine and compare the cognitive load experienced 
by students in synchronous and asynchronous online 
modules. In this study, we revealed that the cognitive 
load in the synchronous online method is significantly 
lower than that in the asynchronous method, especially 
the ML. However, the effect sizes were small. Synchro-
nous meetings could have provided instructors with the 
chance to support students in developing self-regulatory 
behaviors [33]. This includes activities like collectively 
navigating the learning management system and online 
textbook, addressing technical issues, and assisting stu-
dents with time management. This finding aligns with a 
prior study, revealing that students in predominantly syn-
chronous settings reported increased support for their 
basic psychological needs, particularly in competence 
and relatedness [34]. However, engaging in multiple tasks 
simultaneously during a synchronous virtual class, such 
as listening to the teacher, viewing presentation slides, 
processing new information, typing responses in the chat 
box, and reading comments, can increase cognitive load 
[35]. On the other hand, when students watch record-
ings of classes, they have more control over the learning 
process [36]. They can pause and rewind the recording, 
allowing them more time to process the information and 
thereby reducing cognitive load. Considering both the 
favorable and unfavorable research outcomes, further 
investigation into this finding is warranted in the future.

Numerous studies have researched the influence of 
video speed on learning efficiency in asynchronous edu-
cation. Platforms like YouTube offer users the flexibility 
to modify video playback speed, facilitating an experience 
that can be twice as swift. In addition to entertainment 

content, students frequently adjust the speed of asyn-
chronous lecture videos. A survey conducted among 123 
undergraduate students at the University of California, 
Los Angeles (UCLA), revealed that 85% of participants 
watch lecture videos at speeds surpassing the standard 
rate [37]. Earlier investigations on the impact of video 
speed on learning outcomes have yielded inconclusive 
results. Studies by Lang et al. (2020), Nagahama & Morita 
(2017), Wilson et al. (2018), and Murphy et al. (2022) 
provide evidence suggesting that increasing video speed 
either maintains or enhances comprehension [37–40]. 
Conversely, works such as those by Song et al. (2018), 
and Vemuri et al. (2004) propose that heightened speed 
may impede comprehension [41, 42]. In examining the 
impact of adjusting playback speeds on medical educa-
tion, there were 2 articles that provided valuable insights 
[43, 44]. Both studies present evidence suggesting that 
varying playback speeds do not significantly affect mem-
ory retention in medical students. However, in this study, 
data regarding video speed and learning outcomes were 
not collected. Future research will gather relevant data 
to analyze the correlation between video speed, students’ 
learning performance, self-efficacy, and cognitive load.

Regarding students’ satisfaction, the satisfaction with 
synchronous and asynchronous online methods is simi-
lar. The present finding aligns with previous meta-anal-
yses that indicated a slightly higher level of satisfaction 
in synchronous environments, such as webinars, com-
pared to asynchronous online instruction [45, 46]. It sug-
gests that neither asynchronous nor synchronous online 
education significantly influences learning or teacher 
satisfaction.

Certain limitations of the current study deserve men-
tion. Firstly, the data was derived from a single Taiwan 
university, and the participants were medical students. 
The results would only be generalized to a limited extent. 
However, universities in Taiwan are equipped similarly 
with the basic infrastructure. Therefore, we presume that 
the findings can be applied elsewhere, particularly within 
the context of Taiwan. Additionally, the study’s design, 
allowing students to choose their preferred method 
of accessing online lectures, aimed to fulfill students’ 
autonomy needs but introduced potential selection bias. 
Nevertheless, adhering to the self-determination theory, 
meeting the need for autonomy is anticipated to enhance 
intrinsic motivation (IM), positively correlating with aca-
demic performance [47]. Another limitation pertains to 
the inability to ascertain the individual duration students 
spent on asynchronous online videos or whether they 
completed entire lectures. Access to video content was 
not restricted, allowing students attending the synchro-
nous lecture to view asynchronous content; however, 
no overlapping data in the analysis of the two student 
groups was observed. Furthermore, the identical quizzes 
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administered in both the pretest and posttest, with dif-
fering quizzes in the retention test, pose a limitation, 
impeding direct comparability. Furthermore, the mea-
surement’s validity is constrained by only five quizzes in 
each test. The study acknowledges the challenge of poten-
tial cheating in the pretest and posttest, although it did 
not impact students’ grades, but cheating was prevented 
in the on-site retention test. Lastly, the study’s one-shot 
design featuring a single lecture poses a significant chal-
lenge, constraining its correlational scope and hindering 
the establishment of causal relationships, despite theoret-
ical assumptions that might imply otherwise. These limi-
tations collectively indicate the need for future research 
strategies, such as conducting randomized studies or 
encompassing additional preclinical lectures.”

Conclusion
The objective of this study was to investigate students’ 
academic performance, self-efficacy, and cognitive load 
between synchronous and asynchronous online learning 
formats. The results demonstrated no significant differ-
ence in improving learning performance and self-efficacy 
between the two modalities. However, a notable finding 
was that the cognitive load was significantly lower in the 
synchronous module with small effect sizes. These find-
ings underscore the importance for educators in health 
professions to take into account students’ cognitive load 
during the development of online curricula.
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