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ABSTRACT
Background: Social restrictions due to the COVID-19 pandemic have shifted most learning 
methods into online courses, especially for medical skills education. However, the effects of 
online courses on medical skill education amongst medical students are still arguable. The 
study aims to analyse medical students’ knowledge, attitude, practice and satisfaction 
towards medical skills between online and offline courses.
Method: We performed a case–control study conducted among 533 medical students with 
online (as a case group, n = 288) and offline courses (as a control group, n = 245). We 
evaluated three fundamental medical skills, including history taking [HT], lung physical 
examination [LPE], and heart physical examination [HPE]. We tested the knowledge and skills 
among students through theory and practical examinations. Students’ attitudes and satisfac
tion were assessed using a validated questionnaire.
Results: The scores for knowledge and practical skills among the online group were sig
nificantly higher (p = 0.016, p = 0.004, respectively). In comparison, the scores for the students’ 
attitudes and satisfaction were substantially lower (p = 0.000, p = 0.003, respectively) com
pared to the control group. Most of the students in both groups passed the exam (case vs. 
control = 81.94%; 83.27%, respectively). Males were the only factor associated with a higher 
rate of passing the examination (OR 0.42, 95% CI [0.27–0.67], p = 0.000).
Conclusions: Online learning could be an alternative approach on improving student’s 
knowledge and practice towards medical skill especially amidst COVID-19 pandemic, however 
further consideration on student’s attitude and satisfaction are mandatory to achieve appro
priate competence as future general practitioner.
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Introduction

Since the World Health Organisation (WHO) has 
declared COVID-19 as a global pandemic, COVID-19 
cases have continued to increase, and even some coun
tries are facing a new wave of the pandemic. All coun
tries in the world are still struggling to combat COVID- 
19, and not a single country has succeeded yet in con
quering it completely [1]. As of the end of 2021, the 
WHO reported more than 254 million confirmed cases, 
with more than 5 million deaths and affected more than 
221 countries or territories [2]. Indonesia is also strug
gling with this pandemic, and the government has 
attempted various policies such as large-scale social 
restrictions, strict stay-at-home orders, and increased 
health-care services across the country [3]. Recently, 
although many efforts have been made to break the 
chain of transmission, there is no sign that the pandemic 

will end, and no one can guarantee that the cases will not 
increase anymore.

This pandemic had a tremendous impact on human 
life, not only physical health but also almost all aspects of 
life have shifted to the virtual world, including medical 
education [4]. It is undeniable that the learning system in 
all medical faculties in low–middle-income countries, 
such as Indonesia, has changed completely. In a very 
short period of time, medical faculties are required to 
adapt to implement virtual teaching and learning pro
cesses. Virtual learning offers many benefits not found in 
conventional systems, such as broad accessibility from 
anywhere and anytime, asynchronous discussions with 
classmates, immediate feedback on tests, and flexibility 
[5]. However, despite the benefits of virtual learning, its 
implementation is very challenging, especially in medical 
schools with various complex learning processes.
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Medical education always involves three interre
lated aspects of values, namely, cognitive, affective, 
and psychomotor. Medical education often requires 
adequate clinical exposure and practice; however, 
because the risk of being infected is much greater 
for face-to-face learning, online education is the 
best option at this time [6]. On the other hand, in 
principle, the ability of medical skills cannot be 
completely replaced virtually. Consequently, 
reduced exposure to the direct application of med
ical skills will ultimately reduce students’ perfor
mance in conducting examinations, students’ 
confidence, and students’ overall abilities as doctors 
in the future [6]. Previous research reported that the 
disadvantages of virtual teaching in medical educa
tion include technical difficulties, reduced active 
student involvement, and the loss of some aspects 
of assessment [7].

Apart from the unprecedented pandemic condi
tions, the medical faculty has a role in preparing 
and ensuring that its students continue to acquire 
competencies in accordance with the learning targets. 
Previous studies have revealed that virtual learning 
may hinder and limit students to cultivate necessary 
skills due to the lack of hands-on practices [8,9]. This 
may have serious implications for students 
who might face difficulties in clinical settings, result
ing in lower confidences performances. Therefore, 
this study aims to evaluate the impact of virtual 
medical skills training on students’ knowledge, atti
tude, and practice, as well as their satisfaction with 
virtual learning. In addition, this research also serves 
as an evaluation of the methods used in teaching and 
learning process. We expected to provide information 
that can be useful to formulate learning policies dur
ing the COVID-19 pandemic.

Method

Study design and participants

This study was a case–control study of university 
students enrolled at the Faculty of Medicine, 
Universitas Airlangga (Surabaya, East Java Province, 
Indonesia). The Faculty of Medicine Universitas 
Airlangga is one of the best medical faculties and 
has become the second oldest medical school in 
Indonesia. The case group was the student given the 
online learning for medical skills training, while the 
control group was the student given the offline learn
ing for medical skills training. Participants who had 
participated in the medical skills training were 
included in this study. Participants who did not 
adhere to medical skills training, did not participate 
in the examination, did not fill out the questionnaire, 
or wished to refuse during the study were excluded.

The participants were given three medical skills 
subjects, (1) history taking (HT), (2) heart physical 
examination (HPE), and (3) lung physical examina
tion (LPE). For each medical skill subject, one session 
of theory lecture and two sessions of skill demonstra
tion and practice were given online for the case group 
and offline for the control group. Each session was 
conducted in 2 hours with professional and certified 
lecturers. The study has been approved by the 
Research Ethics Commission of the Faculty of 
Medicine Universitas Airlangga (No.147/EC/KEPK/ 
FKUA/2021) and conducted following the Helsinki 
Declaration.

Theory examination score

Predominant aspects of knowledge and practical skills 
among medical students with online learning during the 
COVID-19 Knowledge assessment was obtained from 
the scores of the participants during the theory examina
tion. The theory examination was conducted after the 
participants finished all courses. A total of four multiple- 
choice questions for each subject were given to partici
pants. The questions provided by lecturers based on the 
course materials. One correct answer was marked as 25 
points, while the empty or wrong answers were marked 
as zero points. Therefore, there will be a maximum of 100 
points for each subject. We calculated the score for each 
subject and average of three subjects.

For the case group, the theory examination was 
conducted online using an online computer-based 
test, while for the control group, a computer-based 
test was conducted offline in the examination room. 
To avoid cheating during an online examination, we 
strict the rules by using the safety exam browser 
application (safeexambrowser.org), which can restrict 
the participants to open other applications during 
online examination. The online examination was 
also supervised by a video conference meeting 
(zoom.us), and students were asked to keep their 
eyes straight to the laptop, both hands appear in the 
video, no other person in their room, and strictly 
observed from a zoom camera as demonstrated in 
Figure 1. We also made a different question for two 
groups since the examination was conducted at dif
ferent times.

In addition, we analyzed the difficulty index and 
discrimination index to assess whether there were any 
differences in the level of difficulties between the 
online and offline knowledge examination questions. 
We calculated both the difficulty index and the dis
crimination index using a formula based on pre
viously published research [8]. The difficulty index 
was calculated by dividing the total correct answers 
by the total respondents. The difficulty index was 
categorised as very difficult (0-0.19), difficult (0.2- 
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0.29), moderate (0.3–0.69), easy (0.70-0.85), and very 
easy (>0.85). Subsequently, the discrimination index 
was calculated by dividing the difference of responses 
between correct and incorrect answers to the half of 
the participants tried to answer. The discrimination 
index was classified as poor (0.00–0.19), marginal 
(0.2–0.29), good (0.3–0.39), and very good (≥0.4) [9].

Skill examination score

The evaluation of practice was assessed using the 
scores of participants during the skill examination. 
The participants performed a total of 10 step-by-step 
procedures within 6 minutes during the skill exami
nation. For each step, 10 points were given for parti
cipants doing the step precisely, 5 points for 
participants doing the step not accurately, and 0 
points for the participants not doing the step; there
fore, a maximum of 100 points was given if 
participants fulfilled all the procedures precisely. 
Certified lecturers assess the procedures via an online 
video conference (using zoom.us) for the case group 
and offline in the skill test room for the control 
group.

To investigate the bias rise from different skill 
examination methods between the two groups, we 
constructed a questionnaire for the examiner to eval
uate the objectivity in skill examination assessments. 
This questionnaire adopted several domains from the 
Objective Structured Clinical Examination (OSCE) 
objectivity assessment, namely, Halo Effect (state
ment number 1–3), Understanding (statement num
ber 4–5), and Agreement (statement number 6–8) 
that reform to several signalling statements. All state
ments displayed as Likert scale. The examiner filled in 
the questionnaire from strongly disagree (score 1) to 
strongly agree (score 5) to each statement.

Before the questionnaire is distributed to the 
examiner, the questionnaire has been validated by 
six experts of OSCE assessor using the Content 
Validity Index (CVI). The Item-CVI for each ques
tion is higher than 0.83, indicating a validated item. 

The Scale-CVI of the whole questionnaire is 0.98, 
determined as a validated questionnaire. The ques
tionnaire also has been validated statistically using 
the bivariate correlations test and showed 
a significant result.

Attitude and satisfaction score

Because it was not feasible to do an interview during 
COVID-19 social distancing, we used the online 
questionnaire (using form.google.com) to measure 
the students’ attitude and satisfaction. This form con
tained a brief introduction about the background, 
aims, procedures, information for consent, and 
informed consent. Participants in each group filled 
out the form guided by the researcher in the video 
conference application (using zoom.us) to avoid mis
perception of the questionnaire. The questionnaire 
was constructed from several attitude domains, 
including willingness, understanding, capacity, appli
cation, intended behaviour, and self-efficacy, which 
can be seen in Supplementary Table S1.

A preliminary validation was conducted with the 
expert of Indonesian language and expert of medical 
skill education to enhance the comprehension of the 
questionnaire. We then conduct a survey within 41 
preliminary samples and statistically tested using 
bivariate correlation test and reliability test. The 
questions were valid with the Cronbach’s alpha coef
ficient 0.794 indicating good internal reliability. 
There were six statements on the questionnaire that 
were displayed on the Likert scale (1–5). The total 
score for each participant was obtained by the accu
mulation of the Likert scale (maximum 30 points).

Participants state their satisfaction on several 
aspects of the course, including instructor, prepara
tion, effort, facilities, learning goals, and learning 
method after the course using the satisfaction ques
tionnaire. The preliminary survey was conducted 
together with the attitude questionnaire to ensure 
the quality of the questionnaire. There were six state
ments on the questionnaire that were displayed on 
the Likert scale (1–5). The total score for each parti
cipant was obtained by the accumulation of the Likert 
scale (maximum 30 points).

Data collection

We collected data of participants’ age, gender, admis
sion, district zone, theory examination score, skill 
examination score, and questionnaire reports. The 
theory and skill examination scores were collected 
in the examination database of the Faculty of 
Medicine, Universitas Airlangga. We analysed the 
pass criteria for examinations with minimum scores 
of 65 for average theory examination and minimum 
70 for the skill examination of each subject, as 

Figure 1. Online examination supervision.
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defined by the Curriculum Board of Faculty of 
Medicine, Universitas Airlangga. The attitude and 
satisfaction questionnaires were distributed using an 
online questionnaire form (form.google.com). To neu
tralize observer bias, we use the student number 
instead of name in filling the data to avoid duplicate 
data. The data privacy was declared during a video 
conference meeting (zoom.us) with all participants. 
The objectivity examiner questionnaire was also dis
tributed using an online questionnaire form (form. 
google.com).

Statistical analysis

The Mann–Whitney U-test and The Chi-square test were 
used to compare differences between the online and off
line groups. Levene’s test was done to identify the equality 
of variances. Logistic regression was performed to explore 
the factors that likely affect the pass of the exam. 
Statistically significant was considered using two-sided 
α with a p-value less than 0.05. All statistical analyses were 
performed using the IBM SPSS software (version 13).

Results

Study participants characteristics

The study flow chart is demonstrated in Figure 2. The 
assessment was done on 288 students from the online 

group and 245 students from the offline group. The 
majority of the participants were female in both 
online (63.19%) and offline (63.27%) groups as 
shown in Table 1. The demographic distribution is 
shown in Figure 3. The students were from different 
areas from all over Indonesia. Participants in the 
online group were significantly older when compared 
to those offline (p < 0.001). They were accepted to the 
university from the same path with a similar propor
tion; the highest proportion was from the national 
test path (online: 31.25%; offline: 37.55%), and the 
least one was from the international program (online: 
16.60%; offline: 7.35%). There was no difference 
between groups on the exam pass rate (online 
81.94% vs offline 83.27%; p = 0.848).

Knowledge, attitude, practice, and satisfaction 
between groups

The comparison of knowledge, attitude, and satisfac
tion between groups is shown in Table 2. In the HT 
and HPE subjects, the knowledge score was higher in 
the offline group when compared to online, although 
a significant difference was found only in the HPE 
subject (p = 0.013). In contrast, the knowledge score 
of the LPE subject was significantly higher in the 
online group (p < 0.001). On the other hand, practice 
scores of the HT and HPE subjects were significantly 
higher in the online group (HT: p = 0.025; HPE: p =  

Figure 2. Study flowchart.

Table 1. Baseline demography of study participants.

Variables Online Group (288) Offline Group (245)
Comparation Levene’s Test

p-value F p-value

Age. median (IQR) 19.00 (18.00–19.00) 19.00 (19.00–20.00) 0.000* 0.267 0.605
Gender (Female) 182 (63.19%) 155 (63.27%) 0.947 - -
Admission path 0.011 - -

- National Invitation 72 (25.00%) 68 (27.76%) 0.471 - -
- National Test 90 (31.25%) 92 (37.55%) 0.126 - -
- Independent Path 77 (26.74%) 67 (27.35%) 0.946 - -
- International Program 48 (16.67%) 18 (7.35%) 0.001* - -

Exam pass rate 236 (81.94%) 204 (83.27%) 0.848 3.121 0.078

*p < 0.05 is considered statistically significant. 
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0.001); whilst in the LPE subject, the contrast was 
shown (p = 0.035). However, the total knowledge and 
practice score was significantly higher in the online 
group (knowledge: p = 0.016; practice: p = 0.004).

The students’ attitude was higher in the offline group 
compared to the online. The pattern was similar when the 
subject assessed the attitude separately. Significant differ
ences were found in HT, LPE, HPE, and the whole 
attitude between groups (p < 0.001). Participants’ 

satisfaction was also significantly higher in the offline 
group than in the online group (p < 0.001).

Assessment of item difficulty and discrimination 
index

Question items were analyzed to assess difficulty 
and discrimination index, as shown in Table 3. 
Overall subject’s difficulties were categorised as 

Figure 3. Demographic distribution of participants.

Table 2. Comparison of knowledge, attitude, practice, and satisfaction between online and offline groups.

Variables

Online (n=288) Offline (n=245)

p-valueMean Rank Median (IQR) Mean Rank Median (IQR)

Knowledge 281.47 83.33 (66.67–83.33) 249.99 75.00 (66.67–83.33) 0.016*
- HT 257.00 75.00 (50.00–75.00) 278.75 75.00 (75.00–75.00) 0.059
- LPE 312.31 100.00 (75.00–100.00) 213.74 75.00 (50.00–100.00) 0.000*
- HPE 252.83 75.00 (75.00–100.00) 283.66 75.00 (75.00–100.00) 0.013*

Practice 284.46 96.67 (93.33–100.00) 246.48 95.00 (91.67–98.33) 0.004*
- HT 280.09 95.00 (90.00–100.00) 251.61 95.00 (90.00–100.00) 0.025*
- LPE 255.51 100.00 (90.00–100.00) 280.51 100.00 (95.00–100.00) 0.035*
- HPE 285.10 100.00 (95.00–100.00) 245.73 100.00 (90.00–100.00) 0.001*

Attitude 203.52 22.00 (19.75–24.00) 341.62 25.33 (22.83–27.83) 0.000*
- HT 213.84 23.00 (20.00–25.00) 329.49 25.00 (23.00–28.00) 0.000*
- LPE 202.84 22.00 (19.00–24.00) 342.42 25.00 (23.00–28.00) 0.000*
- HPE 208.21 22.00 (19.00–24.00) 336.11 25.00 (23.00–28.00) 0.000*

Satisfaction 175.00 20.00 (17.00–22.00) 375.15 26.00 (23.00–28.50) 0.000*

*p < 0.05 is considered statistically significant. HT: history taking; LPE: lung physical examination; HPE: heart physical examination. 

Table 3. Difficulty and discrimination index.

Items

Difficulty index Discrimination index

Index Interpretation Index Interpretation

Online group
HT 0.676 Moderate 0.243 Marginal
LPE 0.837 Easy 0.301 Good
HPE 0.756 Easy 0.417 Very good
Mean 0.756 Easy 0.321 Good

Offline group
HT 0.701 Easy 0.232 Marginal
LPE 0.701 Easy 0.458 Very good
HPE 0.796 Easy 0.247 Marginal
Mean 0.732 Easy 0.312 Good

HT: history taking; LPE: lung physical examination; HPE: heart physical examination. Difficulty 
index >0.85 very easy; 0.70-0.85 easy; 0.30–0.69 moderate; 0.2-0.29 difficult; 0-0.19 very 
difficult. Discrimination index ≥0.40 very good; 0.30–0.39 good; 0.20–0.29 marginal; 0.00– 
0.19 poor; <0.00 rejected. 
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easy in both groups. The HT subject was consid
ered of moderate difficulty in the online group, 
while the remaining was easy, while all of the sub
jects in the offline group were easy. In the discri
mination index variable, all of the subjects were 
good at discriminating students’ abilities both in 
the online and offline groups.

Examiner objectivity questionnaire

We obtained a total of 96 responses by the skill 
examiner (46 online and 50 offline). Most of them 
were not affected by students’ personality character
istics (self-confidence, first-impression, and commu
nication skills; p = 0.276, p = 0.329, p = 0.264, 
respectively). The instruction was clear, and the 
examiner understood it (p = 0.238; p = 0.061). 
Students’ skills were examined objectively based on 
their real-time skills (p = 0.071). This was shown by 
insignificant differences found when comparing the 
objectivity between online and offline examiners, as 
presented in Table 4. However, the offline group were 
significantly more adhered to operational definitions 
and had appropriate learning objectives (p = 0.021, p  
= 0.011, respectively).

Analysis factor of passing the examination

Our bivariate logistic regression is shown in Table 5. 
The probability of male participants passing the exam 
was significantly lowered by 58% than female parti
cipants. The course group (online or offline) does not 
influence the rate of passing the examination. The 
satisfaction median also did not significantly affect 
the rate of passing examinations, however it was 
higher among students who did not pass the exam. 
The multivariate analysis shows the significant odds 
in gender variables. This indicates that gender may be 
the independent variables in determining the pass of 
the examination.

Discussion

Medical skills education is one of the keys in the good 
implementation of medical practice in the future 
[10,11]. Therefore, it is essential to find an appropri
ate learning method for students, especially during 
the COVID-19 pandemic [12]. Our study found sig
nificant differences in knowledge, attitude, practice, 
and satisfaction between participants’ online and off
line learning methods. However, we did not find any 
effect of learning methods on student exam pass rate.

Table 4. Comparison of objectivity of examiner between two assessment methods.

Statement

Median (IQR)

p-valueOnline (n=288) Offline (n=245)

Not affected by participants self-confidence 2.00 (2.00–3.00) 2.00 (2.00–3.00) 0.276
Not affected by first-impression 2.50 (2.00–4.00) 2.00 (2.00–4.00) 0.329
Not affected by communication skills 2.00 (2.00–2.00) 2.00 (1.00–2.00) 0.264
Receive clear instruction 4.00 (4.00–5.00) 4.00 (4.00–5.00) 0.238
Instruction understanding 4.00 (4.00–5.00) 5.00 (4.00–5.00) 0.061
Appropriate learning objective 4.00 (4.00–5.00) 4.00 (4.00–5.00) 0.011*
Adherence to operational definitions 4.00 (4.00–5.00) 5.00 (4.00–5.00) 0.021*
Assess the skills, not the theory of participants 4.00 (4.00–5.00) 4.00 (4.00–5.00) 0.071

*p < 0.05 is considered statistically significant; IQR: interquartile range. 

Table 5. Analysis factor of student exam pass rate.

Factors

Comparative Analysis Univariate Logistic Regression

Pass (442) Not Pass (91) p-value β
OR 

(95% CI) p-value

Age 
Median (IQR)

19.00 (19.00–19.00) 19.00 (19.00–19.00) 0.959 0.027 1.03 (0.79–1.34) 0.841

Group
- Online 238 (53.85%) 50 (54.95%)

0.848
Reff

- Offline 204 (46.15%) 41 (45.05%) 0.044 1.05 (0.66–1.65) 0.848
Sex

- Female 296 (66.97%) 42 (46.15%)
0.000*

Reff
- Male 146 (33.03%) 49 (53.85%) −0.861 0.42 (0.27–0.67) 0.000*

Group-Sex Interaction - - - −0.562 0.57 (0.33–0.98) 0.043*
Admission Path

- National Invitation 123 (27.83%) 17 (18.68%)
0.211

Reff
- National Test 144 (32.58%) 38 (41.76%) −0.395 0.67 (0.43–1.07) 0.094
- Independent Path 119 (26.92%) 26 (28.57%) −0.082 0.92 (0.56–1.52) 0.748
- International 56 (12.67%) 10 (10.99%) 0.161 1.18 (0.58–2.4) 0.658

Attitude 
Median (IQR)

23.33 (20.92–25.67) 23.67 (20.33–26.33) 0.538 −0.015 0.99 (0.93–1.05) 0.613

Satisfaction 
Median (IQR)

22.00 (20.00–23.00) 22.00 (20.00–24.00) 0.159 −0.066 0.94 (0.87–1.01) 0.081

*p < 0.05 is considered statistically significant. 
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The total knowledge score was significantly higher 
for online participants than for offline participants. 
This result linear with a meta-analysis that showed 
the online learning group having higher post-test 
scores (SMD = 0.81; 95% CI 0.43–1.20) [13]. 
Intriguingly, we found that HT and HPE have sub
stantially higher scores in offline groups, yet the LPE 
still conforms with the main results. The higher 
knowledge score on offline history taking subject 
may be explained by discrimination and difficulty 
index analysis. Our analysis showed that the online 
group has moderately difficult questions for HT sub
ject, while the offline group has easy questions for HT 
subject. However, our diverse findings between med
ical subjects are similar to the Kim et al. study, which 
reported that several online medical subjects tend to 
have higher scores, while the other medical subjects 
tend to have lower scores [14]. They conclude that 
different subjects will have different preferred meth
ods to give more benefit to the knowledge score [14].

A higher knowledge score is associated with higher 
retention, which is affected by the student’s self- 
discipline in learning [15,16]. Self-learning is one of 
the essential concerns in online education, which can 
be affected by online learning [17,18]. One study 
showed that among participants of online learning, 
the self-learning level is still moderate [17]. Time 
efficiency obtained during online learning can be 
used as an opportunity to increase student self- 
learning. Nevertheless, since self-learning is challen
ging for many students, further understanding in the 
way of making e-learning effective was required [19].

The proficiency of a medical student in perform
ing medical skills is crucial and fundamental concern
ing being a competent practitioner in the future. 
Before the pandemic starts, the medical skills educa
tion is preferred to be done offline, because the simu
lation is considered to improve the medical practical 
performance [10,20]. The simulation is reliable for 
assessing medical skills topics’ learners [21], being 
a more engaging method to study medical skills 
[22]. Offline methods reduce technical problems on 
doing the simulation study [23,24]. However, during 
this unprecedented teaching restriction in the midst 
of a pandemic, it is imperative to fulfil their compe
tency and continue their education. Transforming 
into virtual medical skills lecture seems to be the 
most suitable approach in this pandemic.

Based on the results of our study, we found that 
online groups significantly gained higher scores for 
HT and HPE. Similar to our findings, a prior study 
assessing virtual methods using virtual patients for 
HT training showed improvements in global perfor
mance, interviewing technique, and logical sequence 
[25]. In line with this study, another report also 
revealed that virtual HT significantly increased stu
dents’ confidence to two-thirds of nearly half of the 

respondents [26]. Moreover, a previous study also 
showed that virtual auscultation courses using inter
active case-based webinars were practical, interactive, 
and well-received by the students [27].

The lung examination skill score was better in the 
offline group compared to the online group [28]. This 
examination is performed in the wider area of palpa
tion, percussion, and auscultation, including the chest 
and the back. Therefore, this examination takes more 
time compared to HT and HPE. If there are any 
technical problems in the given 6 minutes, physical 
examination would be difficult to carry out properly 
thus reducing student’s performance during skill 
examination. Moreover, hands-on practice may ben
efit the students by providing them with the oppor
tunity to learn from their mistakes and observe 
directly from the tutor’s simulation yet at the same 
time get instant feedback and correction from the 
tutor [29]. This will enrich their experiences and 
translate their practical knowledge into the actual 
setting, thus providing better outcomes for their per
formances. This might be the main reason for chal
lenges in performing online LPE skill examinations 
and why their offline practice scores are higher.

The attitude was described as the learner’s rate of 
their role when dealing with an issue subjected to 
the modules, as a health-care professional [30], com
posed of self-efficacy, willingness, and behaviour 
domain in the current study. These domains would 
contribute to developing students’ medical skills and 
knowledge, such as communication skills and 
research awareness [31,32]. However, attitude differ
ences between online and offline learning groups are 
still obvious, considering sudden shifting in teaching 
methods due to the pandemic.

In the current study, we found that students’ atti
tudes were significantly lower in the online group of 
HT, lung, and heart PE subjects when compared to 
the offline group. A study by Muflih et al. showed 
that medical students’ attitudes towards online learn
ing were overwhelmingly bad, similar to Coman 
et al., which these studies support current findings 
[23,33]. Sudden changes in learning methods have 
been related to high students’ perceived barriers to 
online learning. These are lack of learning facility, 
environment motivation, instructions, and internet 
access [23,34]. A previous study reported students’ 
perception who received online teaching experienced 
more difficulty in understanding classes. This could 
be related to different socioeconomic burdens during 
the pandemic and previous experience with online 
facilities [23]. Other living areas could also limit 
internet access, considering participants in this 
study were spread all over the country. This could 
spend more mental effort with no significant infor
mation acquired on the related modules, thus affect
ing students’ self-efficacy [35]. It was also found that 
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self-efficacy correlates to students’ knowledge [36]. 
To date, most medical students still prefer face-to- 
face learning in order to receive higher clinical 
experience [23].

Virtual learning may provide advantages that 
cannot be obtained through conventional learning 
processes. Virtual clinical skills education might 
provide a detailed approach that medical students 
could benefit from [37,38]. For example, they could 
easily record and re-watch the pre-recorded video 
whenever and wherever they want. At the same 
time, it helps students visualise the examination 
procedure. Moreover, the online learning method 
provides the usage of audiovisual in combination 
with graphic animation, which allows explaining 
difficult subjects in a comprehensive way. Course 
content could also be updated periodically, espe
cially for medical fields where knowledge updates 
quickly evolved [30,39,40]. This explains why the 
online tutorial video was rated to be more effective 
for preclinical students due to its aesthetic, well- 
organised, and short period than live video [41]. 
A previous study also reported that more than half 
of the students found that online teaching was 
more interactive, with a direct opportunity to ask 
the lecturer [24]. Small group discussion group 
presentation and case simulation using quizzes, 
polling, and breakout rooms seem exciting and 
successfully increase their engagement during lec
tures. Online learning also has several advantages, 
i.e., location flexibility, convenience, cost-saving, 
and ease of access, which may be acceptable for 
some people [34,35]. A previous study showed 
medical students perceived that the online learning 
method was beneficial [30].

However, the virtual learning process, especially for 
medical skills training, is not that simple and beneficial 
yet facing various challenges. It is impossible to gain 
impeccable experiences, and it seems unrealistic to per
manently switch to a virtual method [37]. A nationwide 
study conducted in 31 medical schools in the United 
Kingdom showed more than 75% of the medical students 
felt that virtual learning was unsuccessful in replacing the 
direct face-to-face method [24,42]. Moreover, most med
ical students said they could not learn practical clinical 
skills through a virtual teaching approach. Similarly, 
another study concerned that virtual teaching might 
compromise medical students’ competency in the clinical 
setting [43]. It is worth to note that students might also 
feel unprepared for their future profession due to virtual 
learning, especially in their clinical skills ability [44]. The 
lack of the standardised mannequin or patient model, 
active engagement, and direct contact with the patients 
made the students more challenging to learn and under
stand the critical concept of medical skills [37].

Interestingly, our results showed no significant 
difference in exam pass rate between the students of 

online and offline groups. We found a small negative 
relationship between the attitude and satisfaction 
score with the exam pass rate, but not significant. 
These findings were contrary to the other studies, in 
which they showed learning attitude and satisfaction 
were positively correlated with their performance 
[45,46]. After an additional analysis, we found no 
correlation between the attitude or satisfaction score 
with the exam pass rate (R = −0.042; p = 0.330 and R  
= −0.038; p = 0.382, respectively). The higher attitude 
or satisfaction of students do not conclude that they 
will pay more special effort for examinations. 
However, this data cannot be interpreted easily, 
since it may be caused by our exam pass criteria 
that only used knowledge and practice score. 
Further study considering the factors of student effort 
to accomplish the examination is needed to analyse 
the correlation between student’s perception and aca
demic performance.

Finally, the current evidence still does not show 
which methods work better for medical education 
[13]. The best method must be considered depending 
on the learning goals [47]. Other factors that may 
involve these results are the participants’ activity dur
ing the course [48,49]. If the institution can still 
maintain the student obligation to be active in the 
course, the online courses can still be comparable to 
offline courses. Therefore, for some reasons, online 
courses can still be implemented as a substitute for 
offline courses during the COVID-19 pandemic [4].

Limitation

This study analyses the variables in pre- and post- 
intervention only, rather than following students’ devel
opment across the period of the study. Students’ pre
ferences and perceptions must be considered to seek 
different effects of learning methods between subjects. 
Hence, further studies analysing these variables between 
learning methods, in more subjects using larger sam
ples, are recommended to seek any existing pattern or 
determining factors. However, a multi-centered institu
tion study is required to give better data on the repre
sentation of general medical students across a region 
since population heterogeneity could not be denied.

Conclusion

In conclusion, online learning could be an alternative 
approach to improving student’s knowledge and practice 
towards medical skills, especially amidst COVID-19 pan
demic. Knowledge and practical skills of medical stu
dents during the COVID-19 pandemic are higher in 
online learning. However, further consideration on 
a student’s attitude and satisfaction is mandatory to 
achieve appropriate competence as a future general 
practitioner.

8 V. VISUDDHO ET AL.



Acknowledgments

The authors would like to thank the Faculty of Medicine, 
Universitas Airlangga, Surabaya, Indonesia, for the support 
in the study conduction, and the students who willingly 
became participants in this study.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This project was supported by a research grant from the 
Research Institute and Community Service Universitas 
Airlangga. Research Institute and Community Service 
Universitas Airlangga was to provide financial assistance, 
as well as technical assistance through periodic review to 
ensure the research achieves the desired output. The funder 
had no role in the design and conduct of the study; collec
tion, management, analysis, and interpretation of the data; 
preparation, review, or approval of the manuscript; and 
decision to submit the manuscript for publication.

ORCID

Rimbun Rimbun http://orcid.org/0000-0001-8283-7696

References

[1] Rothan HA, Byrareddy SN. The epidemiology and 
pathogenesis of coronavirus disease (COVID-19) 
outbreak. J Autoimmun. 2020 May;109:102433.

[2] World Health Organization. Coronavirus Disease 
(COVID-19) Situation Reports [Internet]. 2021 [cited 
2021 Jan 25].

[3] Setiati S, Azwar MK. COVID-19 and Indonesia. Acta 
Med Indones. 2020 Jan;52(1):84–89.

[4] Rose S. Medical student education in the time of 
COVID-19. JAMA. 2020 Jun;323(21):2131–2132.

[5] Alves P, Miranda L, Morais C. The influence of virtual 
learning environments in students’ performance. 
Univers J Educ Res. 2017;5(3):517–527.

[6] Ahmed H, Allaf M, Elghazaly H. COVID-19 and med
ical education. Lancet Infect Dis. 2020;20:777–778.

[7] Wilcha R-J. Effectiveness of virtual medical teaching 
during the COVID-19 crisis: systematic review. JMIR 
Med Educ. 2020 Nov;6(2):e20963.

[8] Quaigrain K, Arhin AK. Using reliability and item 
analysis to evaluate a teacher-developed test in educa
tional measurement and evaluation. Cogent Educ. 
2017;4(1):1301013.

[9] Taib F, Yusoff MSB. Difficulty index, discrimination 
index, sensitivity and specificity of long case and mul
tiple choice questions to predict medical students’ 
examination performance. J Taibah Univ Med Sci. 
2014;9(2):110–114.

[10] Okuda Y, Bryson EO, DeMaria SJ, et al. The utility of 
simulation in medical education: what is the evidence? 
Mt Sinai J Med. 2009 Aug;76(4):330–343.

[11] Tseng F-Y, Chang Y-T, Yu C-J, et al. Advanced phy
sical examination training course improves medical 
students’ confidence in physical examination. 
J Formos Med Assoc. 2019 Oct;118(10):1416–1422.

[12] Seymour-Walsh AE, Bell A, Weber A, et al. Adapting 
to a new reality: COVID-19 coronavirus and online 
education in the health professions. Rural Remote 
Health. 2020 May;20(2):6000.

[13] Pei L, Wu H. Does online learning work better than 
offline learning in undergraduate medical education? 
A systematic review and meta-analysis. Med Educ 
Online. 2019;24(1):1666538.

[14] Akkoyunlu B, Soylu MY. A study of student’s percep
tions in a blended learning environment based on 
different learning styles. J Educ Technol Soc. 2008;11 
(1):182–193.

[15] Gaytan J. Comparing faculty and student perceptions 
regarding factors that affect student retention in online 
education. Am J Distance Educ. 2015;29(1):56–66.

[16] Artino AR Jr. Promoting academic motivation and 
self-regulation: practical guidelines for online 
instructors. TechTrends. 2008;52(3):37–45.

[17] Muksin SNB, Makhsin MB. A level of student 
self-discipline in e-learning during pandemic 
covid-19. Procedia Soc Sci Humanit. 2021;1:278–283.

[18] Gelles LA, Lord SM, Hoople GD, et al. Compassionate 
flexibility and self-discipline: student adaptation to emer
gency remote teaching in an integrated engineering 
energy course during covid-19. Educ Sci. 2020;10 
(11):1–23.

[19] Pokryszko-Dragan A, Marschollek K, Nowakowska- 
Kotas M, et al. What can we learn from the online 
learning experiences of medical students in Poland 
during the SARS-CoV-2 pandemic? BMC Med Educ. 
2021;21(1):1–12.

[20] Si J. Medical students ’ self-directed learning skills 
during online learning amid the COVID-19 pandemic 
in a Korean medical school. J Med Educ. 2022;34 
(2):145–154.

[21] Offiah G, Ekpotu LP, Murphy S, et al. Evaluation of 
medical student retention of clinical skills following 
simulation training. BMC Med Educ. 2019;19(1):1–7. 
DOI:10.1186/s12909-019-1663-2

[22] Khatak S, Wadhwa N Online versus offline mode of 
education -Is India ready to meet the challenges of 
online education in lockdown? 2020;

[23] Muflih S, Abuhammad S, Al-Azzam S, et al. Online 
learning for undergraduate health professional edu
cation during COVID-19: Jordanian medical stu
dents’ attitudes and perceptions. Heliyon. 2021;7 
(9):e08031.

[24] Dost S, Hossain A, Shehab M, et al. Perceptions of med
ical 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.

[25] Setrakian J, Gauthier G, Bergeron L, et al. Comparison 
of assessment by a virtual patient and by clinician- 
educators of medical students’ history-taking skills: 
exploratory descriptive study. JMIR Med Educ. 2020 
Mar;6(1):e14428.

[26] Donkers K, DeLong D, Brown N. Effect of online 
training modules and virtual patients on first-year 
physician assistant students’ confidence levels. 
J Physician Assist Educ. 2019 Sep;30(3):159–163.

[27] Rüllmann N, Lee U, Klein K, et al. Virtual ausculta
tion course for medical students via video chat in 
times of covid-19. GMS J Med Educ. 2020;37(7):1–8.

[28] Kusumawati M, Hadi S. An analysis of multiple choice 
questions (MCQs): item and test statistics from 

MEDICAL EDUCATION ONLINE 9

https://doi.org/10.1186/s12909-019-1663-2


mathematics assessments in senior high school. Res 
Eval Educ. 2018;4(1):70–78.

[29] Sahu P, Chattu V, Rewatkar A, et al. Best practices to 
impart clinical skills during preclinical years of med
ical curriculum. J Educ Health Promot. 2019 Feb;8(1). 
DOI:10.4103/jehp.jehp_354_18.

[30] Metcalf MP, Tanner TB, Buchanan A. Effectiveness of 
an online curriculum for medical students on genetics, 
genetic testing and counseling. Med Educ Online. 
2010;15:4856.

[31] Althubaiti A, Muqbil BA, Buraikan DA. Assessment of 
medical students’ attitudes towards research and per
ceived barriers. Int J Med Students. 2017;5(3):95–98.

[32] Haveri S, Sebastian NM, Nath A. Attitude of medical 
students towards learning communication skills. 
Int J Community Med Public Heal. 2016;3(1):157–160.

[33] Coman C, Țîru LG, Meseșan-Schmitz L, et al. Online 
teaching and learning in higher education during the 
coronavirus pandemic: students’ perspective. Sustain. 
2020;12(24):1–22.

[34] Uma G, Vartika T, Kumar GN. Perception about 
online learning among medical students in Northern 
India during lockdown period of Covid -19: a section: 
obstetrics and gynaecology perception about online 
learning among medical students in Northern. 
Int J Contemp Med Res. 2020;7(12):6-10.

[35] Chalise GD, Bharati M, Bajracharya J, et al. 
Undergraduate medical science students’ positive atti
tude towards online classes during COVID-19 pandemic 
in a medical college: a descriptive cross-sectional study. 
JNMA J Nepal Med Assoc. 2021 Feb;59(234):134–140.

[36] Safdar M, Batool SH, Mahmood K. Relationship between 
self-efficacy and knowledge sharing: systematic review. 
Glob Knowledge, Mem Commun. 2020;70(3):254–271.

[37] Jeyakumar Y, Sharma D, Sirianni G, et al. Limitations in 
virtual clinical skills education for medical students dur
ing COVID-19. Can Med Educ J. 2020;11(6):165–166.

[38] Andersen S, Leon G, Patel D, et al. The impact of 
COVID - 19 on academic performance and personal 
experience among first - year medical students. Med 
Sci Educ [Internet]. 2022;32:389–397. DOI:10.1007/ 
s40670-022-01537-6.

[39] Healy DG, Fleming FJ, Gilhooley D, et al. Electronic 
learning can facilitate student performance in under
graduate surgical education: a prospective observa
tional study. BMC Med Educ. 2005;5:1–8.

[40] Qayumi AK, Kurihara Y, Imai M, et al. Comparison of 
computer-assisted instruction (CAI) versus traditional 
textbook methods for training in abdominal examina
tion (Japanese experience). Med Educ. 2004;38 
(10):1080–1088. DOI:10.1111/j.1365-2929.2004.01957.x

[41] Guo PJ, Kim J, Rubin R How video production affects 
student engagement: an empirical study of MOOC 
videos. Proceedings of the 1st ACM Conference on 
Learning@ Scale Conference, Atlanta, Georgia, USA; 
2014. p. 41–50.

[42] Ibrahim NK, Al Raddadi R, Al Darmasi M, et al. 
Students ’ acceptance and perceptions of e-learning 
during the Covid-19 closure time in King Abdulaziz 
University, Jeddah. J Infect Public Health [Internet]. 
2021;14(1):17–23. DOI:10.1016/j.jiph.2020.11.007.

[43] Huddart D, Hirniak J, Sethi R, et al. #medstudent
covid: how social media is supporting students during 
COVID-19. Med Educ. 2020 Oct;54(10):951–952.

[44] Monrouxe LV, Grundy L, Mann M, et al. How pre
pared are UK medical graduates for practice? A rapid 
review of the literature 2009–2014. BMJ Open. 2017 
Jan;7(1):e013656.

[45] Keržič D, Alex JK, Alvarado RPB, et al. Academic 
student satisfaction and perceived performance in 
the e-learning environment during the COVID-19 
pandemic: evidence across ten countries. PLoS ONE. 
2021;16(10 October 2021):1–23. DOI:10.1371/journal. 
pone.0258807

[46] Gopal R, Singh V, Aggarwal A. Impact of online 
classes on the satisfaction and performance of stu
dents during the pandemic period of COVID 19. 
Educ Inf Technol. 2021;26(6):6923–6947.

[47] Cheng X, Ma X, Luo C, et al. Examining the relation
ships between medical students ’ preferred online 
instructional strategies, course difficulty level, learning 
performance, and effectiveness. Adv Physiol Educ. 
2021;45(4):661–669.

[48] Nguyen Q, Thorne S, Rienties B. How do students 
engage with computer-based assessments: impact of 
study breaks on intertemporal engagement and pass 
rates. Behaviormetrika. 2018;45(2):597–614.

[49] Kim K, Lee YJ, Lee MJ, et al. E-Learning for enhance
ment of medical student performance at the 
Objective Structured Clinical Examination (OSCE). 
PLoS ONE. 2021;16(7):e0253860. DOI:10.1371/jour 
nal.pone.0253860.

10 V. VISUDDHO ET AL.

https://doi.org/10.4103/jehp.jehp_354_18
https://doi.org/10.1007/s40670-022-01537-6
https://doi.org/10.1007/s40670-022-01537-6
https://doi.org/10.1111/j.1365-2929.2004.01957.x
https://doi.org/10.1016/j.jiph.2020.11.007
https://doi.org/10.1371/journal.pone.0258807
https://doi.org/10.1371/journal.pone.0258807
https://doi.org/10.1371/journal.pone.0253860
https://doi.org/10.1371/journal.pone.0253860

	Abstract
	Introduction
	Method
	Study design and participants
	Theory examination score
	Skill examination score
	Attitude and satisfaction score
	Data collection
	Statistical analysis

	Results
	Study participants characteristics
	Knowledge, attitude, practice, and satisfaction between groups
	Assessment of item difficulty and discrimination index
	Examiner objectivity questionnaire
	Analysis factor of passing the examination

	Discussion
	Limitation
	Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	References

