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Abstract : The popularity of online classes in university education has grown rapidly since the COVID-19 out-
break. This study aims to examine the association between the detailed characteristics / various contexts of stu-
dents and the evaluation of online classes. An online questionnaire survey administered to third- and fourth-
grade medical students of Tokushima University in September 2021—with 101 (42.8%) valid responses—showed 
the respondents’ general impressions, comprehension, convenience, and desire for online classes even after the 
pandemic ends were significantly higher for the on-demand lectures than for simultaneous online classes. No-
tably, students who did not do other things while watching video lectures (10.9%) rated on-demand lectures as 
facilitating significantly higher impression, comprehension, and convenience than those who did other things 
(89.1%). A multivariate analysis revealed that students who did not do anything else while watching, whose wak-
ing time changed slightly, who commuted to school for shorter periods, who were not good at morning lectures, 
and who watched at high speed rated the video lectures highly. Thus, video lectures are appreciated by students 
who are committed to learning, which is a positive result for the future of on-demand education. J. Med. Invest. 
70 : 483-493, August, 2023
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INTRODUCTION
 

By the end of 2019, coronavirus disease (COVID-19) had 
spread globally and was still rampant with the continual emer-
gence of new mutations. Notably, some institutions were pro-
viding online medical education even before COVID-19 (1-3). 
However, when medical students were restricted from attending 
colleges and universities in person owing to the pandemic, the 
popularity of online medical education increased rapidly and 
significantly (4-7).

The primary features of online medical education include 
online lectures, webcasting, virtual group discussions, video 
conferences, virtual simulators, and telemedicine (8). Online 
medical education has several advantages over traditional 
medical education, including easy accessibility, a safe and com-
fortable environment, repeated access to lectures at convenience, 
time flexibility, time-saving, and increased independence and 
self-learning capacities of students (8, 9). Conversely, its draw-
backs include isolation from and minimal interaction with peers, 
dependence on good internet access and poor technical skills of 
educators, lack of hands-on exposure, lack of direct assessment, 
inability to acquire medical skills required of a physician, confi-
dentiality issues, and family-related distractions (8, 10, 11). Nu-
merous students consider classroom lectures suitable for online 
medical education (12-14), but not bedside teaching and practical 
training (12, 13), The two types of online lectures are asynchro-
nous lectures and synchronous lectures (15). Asynchronous 

lectures are pre-recorded video lectures that students can watch 
repeatedly and at any time ; these lectures allow for high-speed 
watching, skipping, and watching videos while doing other 
things. With asynchronous lectures, some students can improve 
their learning efficiency by repeatedly watching parts that are 
difficult to understand (16), while others—with low motiva-
tion—might watch the video lectures while doing something else 
or appreciate them only for convenience. What kind of students 
appreciate online lectures? Li et al. analyzed factors associated 
with groups that were satisfied and unsatisfied with online 
education and reported that teachers’ professional titles and 
students’ years of study, country of origin (an Asian or African 
country), and location of current residence (inside or outside 
China) significantly influenced students’ satisfaction (17). Song 
et al. reported that male students had higher learning interest, 
attention, and efficacy than female students (18). However, no 
studies have examined the impact of more detailed student at-
tributes (e.g., commute time, the nature of enjoying conversation, 
etc.) on students’ perceptions of online classes.

Studies have reported that students’ rhythm of life changed 
during COVID-19 (16, 19, 20). However, to the best of our knowl-
edge, no study has considered assessing how the evaluation 
of online classes differs between students whose life rhythm 
changed after COVID-19 and those whose life rhythm did not 
change.  If only students who stay up late and oversleep highly 
evaluate online classes, there is a concern that the number of 
online classes will increase in the future.

At Tokushima University, almost all classes were conducted 
face-to-face until February 2020, but from March 2020, commut-
ing to school was prohibited owing to COVID-19 ; thus, online 
classes were introduced. As of September 2021, first and second 
graders had only had an online learning experience, and all fifth 
and sixth graders had already finished attending their class-
room lectures and were training in clinical practices. In contrast, 
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third- and fourth-grade medical students had experienced both 
face-to-face and online classes.

Therefore, we aim to examine whether there are differences 
in online class evaluation based on student characteristics and 
students whose life rhythm changed after COVID-19 and those 
whose did not by administering an online questionnaire to third- 
and fourth-grade medical students at Tokushima University.  

MATERIALS AND METHODS
Impact of COVID-19 on Tokushima University

The School of Medicine at Tokushima University has a six-year 
course, with each year beginning in April and ending in March. 
The program’s structure is as follows : lectures on general liberal 
arts and some specialized subjects in the first grade ; lectures 
on and practical experimentation in anatomy, physiology, bio-
chemistry, and other subjects in the second grade ; lectures on 
and experimentation in pharmacology, microbiology, pathology, 
and others in the third grade ; and lectures on clinical subjects 
are held from January in the third grade to December in the 
fourth grade. Since April 2020, most lectures have been deliv-
ered as on-demand videos, while only some were delivered in 
the synchronous online class format. During the COVID-19 
pandemic, online classes were introduced with a short prepara-
tion period ; therefore, most of the online classes other than the 
PBL (problem-based learning) tutorial were one-way by teachers 
with audio recorded on PowerPoint (Microsoft) slides. Moreover, 
all experiments and hands-on practice have been provided in an 
on-demand format or as simultaneous online classes. 

Participants
This study was conducted with the approval of the Tokushima 

University Hospital Ethics Committee. An online questionnaire 
was administered to third-grade (112 ; 69 male and 43 female) 
and fourth-grade students (124 ; 70 male and 54 female). With 
the approval of the Academic Affairs Division and the School of 
Medicine of Tokushima University, we sent emails to 236 partic-
ipants three times, on September 2, 8, and 15, 2021. Responses 
from the participants were collected until September 21, 2021. 
The questionnaire survey was conducted before the clinical 
clerkship because it begins in January for fourth-grade students. 
We added questionnaire briefing documents, including informa-
tion on voluntary participation ; no personal information was 
collected. Students were assured that they would not face any 
disadvantage for not attempting the questionnaire ; they were 
not rewarded for answering it either.

Questionnaire 
Table 1 presents the English translation of the original Japa-

nese questionnaire. Response time was assumed to be approx-
imately seven minutes. The questionnaire included categories 
such as gender, grade, living environment, commute time, and 
good home internet environment and IT skills. The question-
naire also collected information on students’ personality at-
tributes, such as having a sociable personality, engaging in 
active conversation during breaks, and whether they are good 
at morning classes. Questions for on-demand lectures includ-
ed increasing the playback speed, skipping the lecture video, 
watching the video repeatedly, and doing other things while 
watching the video. We considered the last question slightly 
sensitive for medical students ; therefore, they were free to 
provide a conservative answer. Therefore, in this study, we 
provided the choice of “seldom” next to “none” to detect whether 
students were doing other things while watching video lec-
tures. Furthermore, we used a multi-choice question to ask 

regarding “other things” : email / SNS, watching TV / videos, 
playing games, reading books, and others. Additionally, the 
questionnaire included questions regarding lifestyle changes 
before and after the COVID-19 pandemic, such as wake-up time, 
bedtime, physical condition, duration of using a smartphone, 
duration of reading books, duration of playing games, duration 
of watching TV / videos, daily time to exercise, frequency of 
part-time jobs, and frequency of participating in club activities. 
For each of the on-demand video lectures / simultaneous online 
classes / on-demand video experimentation / simultaneous online 
experimentation, participants evaluated “general impression,” 
“comprehension,” and “convenience” as very bad, bad, good, or 
very good, as well as answered “whether they hope for the same 
format” with strongly disagree, disagree, agree, or strongly 
agree. We also inquired about “asynchronous online lectures” 
and “synchronous online lectures.” Asynchronous online lec-
tures are on-demand lectures that students can access at any 
time, while synchronous online lectures are live online classes, 
including PBL (problem-based learning) tutorials.

Statistical analysis
All statistical analyses were performed using IBM SPSS 

Statistics ver. 27. Results were expressed as medians (inter-
quartile range). The Wilcoxon signed-rank test was used to 
compare on-demand and synchronized online classes in terms 
of general impression, comprehension, convenience, and wheth-
er they hoped for the same format. Additionally, the Wilcoxon 
signed-rank test was used to compare changes in sleep and 
lifestyle before and after the COVID-19 pandemic. In the Wil-
coxon analyses, we replaced the 4-point scale and 7-point scale 
with the following numbers : “very bad 1, bad 2, good 3, very 
good 4,” “strongly disagree 1, disagree 2, agree 3, strongly agree 
4,” and “none 1, 1 / month 2, 2 / month 3, 1 / week 4, 2 / week 5, 
3 / week 6, more 7.” Regarding various situations of students 
(e.g., grade, gender, living environment, commute time, home 
network environment, IT skills, sociable personality, active 
conversation during breaks, and good at morning classes), the 
responses to each item were divided into two groups (for most 
of the items : agree or disagree ; how they watch on-demand lec-
tures : none or others). For analyses, commute time was divided 
into two groups in two ways : ≤ 5 minutes vs. > 5 minutes and ≤ 10 
minutes vs. > 10 minutes. As for sleep, the time to wake up and 
go to bed was divided into two groups : unchanged or earlier and 
one or more hours later. In each of the two groups, the Mann–
Whitney test was used to compare the general impressions, 
comprehension, convenience, and whether they hope to receive 
the on-demand and the live online lectures in the same format. 
A multiple regression analysis was performed using items with 
p < 0.2. A p-value of less than 0.05 was considered significant.

The sample size was examined using G * power (21). A total 
of 94 responses were required when the effect size was 0.3 (mod-
erate), the power was 0.8, and the significance level was less 
than 0.05. For 236 third- and fourth-grade medical students, the 
target number of responses would be met if the response rate 
was 40% ; therefore, all third- and fourth-grade students were 
targeted.

RESULTS

A total of 105 medical students (52 male and 53 female) pro-
vided their responses. Three students did not respond to the 
question regarding the evaluation of on-demand video lectures, 
whereas one student did not respond to the question regarding 
the living environment. After excluding these four responses, 
a total of 101 responses (a valid response rate of 42.8%) were 
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Table 1.　Questionnaire

No. Questions and choices

1 Please tell us your gender.  - Male, Female, No answer

2 What is your grade?  - third grade, fourth grade

3 What is your current living environment?  - Parent’s house, Living alone, Other

4 Please tell us how long you spend commuting to school. 
  - ≤ 5, 5 < ≤ 10, 10 < ≤  20, 20 < ≤  30, 30 < (minutes)

5 Do you have a good network connection at home? 
  - strongly agree, agree, disagree, strongly disagree

6 Do you have good IT skills?
  - strongly agree, agree, disagree, strongly disagree

7 Do you think you are sociable?
  - strongly disagree, disagree, agree, strongly agree

8 Do you have active conversations during breaks?
  - strongly disagree, disagree, agree, strongly agree

9 Are you good at morning classes?
  - strongly disagree, disagree, agree, strongly agree

10 How often do you increase the playback speed?
  - none, a quarter, half, almost all

11 How often do you skip the lecture videos? 
  - none, a quarter, half, or almost all

12 Do you watch the videos repeatedly if they are difficult to understand? 
  - strongly disagree, disagree, agree, strongly agree

13 How often do you do other things while watching video lectures?
  - none, seldom, sometimes, or often

14 Questions for those who answered “often or sometimes” in the previous question : What do you do during class?  - use e-mail and 
SNS, read books, play games, watch TV or videos

We would like to ask you about the changes in your lifestyle before the COVID-19 pandemic and around May 2021, when you were 
banned from posting at the university.

15 What is your wake-up time?    
 Before the COVID-19 pandemic.    -  4, 5, 6, 7, 8, 9, 10, 11, 12 (o’clock)
 Around May 2021.                            -  4, 5, 6, 7, 8, 9, 10, 11, 12 (o’clock)

16 What time do you go to bed?  
Before the COVID-19 pandemic.   - 21, 22, 23, 24, 1, 2, 3, 4, 5 (o’clock)
 Around May 2021.                          - 21, 22, 23, 24, 1, 2, 3, 4, 5 (o’clock)

17 On average, over the course of a week, how much time do you spend using your smartphone per day?
Before the COVID-19 pandemic.  
                                   - (1) < 1, (2) 1 ≤ < 2, (3) 2 ≤ < 3, (4) 3 ≤ < 4, (5) 4 ≤ < 5, (6) 5 ≤ (hours)
Around May 2021.  - (1) < 1, (2) 1 ≤ < 2, (3) 2 ≤ < 3, (4) 3 ≤ < 4, (5) 4 ≤ < 5, (6) 5 ≤ (hours)

18 On average, over the course of a week, how much time do you spend reading books per day?
Before the COVID-19 pandemic. 
                                    - (1) < 1, (2) 1 ≤ < 2, (3) 2 ≤ < 3, (4) 3 ≤ < 4, (5) 4 ≤ < 5, (6) 5 ≤ (hours)
 Around May 2021.  - (1) < 1, (2) 1 ≤ < 2, (3) 2 ≤ < 3, (4) 3 ≤ < 4, (5) 4 ≤ < 5, (6) 5 ≤ (hours)

19 On average, over the course of a week, how much time do you spend playing game (including time spent playing on smartphones) 
per day?
Before the COVID-19 pandemic. 
                                    - (1) < 1, (2) 1 ≤ < 2, (3) 2 ≤ < 3, (4) 3 ≤ < 4, (5) 4 ≤ < 5, (6) 5 ≤ (hours)
 Around May 2021.  - (1) < 1, (2) 1 ≤ < 2, (3) 2 ≤ < 3, (4) 3 ≤ < 4, (5) 4 ≤ < 5, (6) 5 ≤ (hours)

20 On average, over the course of a week, how much time do you spend watching TV and videos (including on smartphones) per day?
Before the COVID-19 pandemic. 
                                    - (1) < 1, (2) 1 ≤ < 2, (3) 2 ≤ < 3, (4) 3 ≤ < 4, (5) 4 ≤ < 5, (6) 5 ≤ (hours)
 Around May 2021.  - (1) < 1, (2) 1 ≤ < 2, (3) 2 ≤ < 3, (4) 3 ≤ < 4, (5) 4 ≤ < 5, (6) 5 ≤ (hours)

21 On average, over the course of a week, how much time do you spend exercising per day?
Before the COVID-19 pandemic. 
                                    - (1) < 1, (2) 1 ≤ < 2, (3) 2 ≤ < 3, (4) 3 ≤ < 4, (5) 4 ≤ < 5, (6) 5 ≤ (hours)
 Around May 2021.  - (1) < 1, (2) 1 ≤ < 2, (3) 2 ≤ < 3, (4) 3 ≤ < 4, (5) 4 ≤ < 5, (6) 5 ≤ (hours)
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analyzed. 
In the final sample, there were 50 men and 51 women (the 

response rate was 37.4% for men and 54.6% for women) (Table 
2). Thus, the response rate of women was significantly higher 
(p = 0.011). There were 53 third graders and 48 fourth graders 
(the response rate was 47.3% for third graders and 38.7% for 
fourth graders) ; thus, there was no grade-based bias (p = 0.59). 
As for the living environment, approximately 69.3% of the stu-
dents lived alone, of whom 30.7% lived with their parents. No 
student chose the option “others.” The most frequent commute 
time was 5 minutes or less, and 70% of the respondents chose 
10 minutes or less. All students who commuted to school for 5 
minutes or less lived alone, and 66 out of 72 students (91.7%) who 
commuted to school for 10 minutes or less lived alone ; therefore, 
there was a significant association between living environment 
and commute time (both ≤ 5 vs. 5 < and ≤ 10 vs. 10 < ; p < 0.001). 
Most students had a good internet connection at home, but only 
about half of them were confident about their IT skills. Of the 
41 students who evaluated themselves as having a sociable 
personality, 40 responded that they had active break-time con-
versations, indicating a significant association (p < 0.001). Ap-
proximately 80% of students said they were not good at morning 
classes.

Table 3 describes how students watched on-demand video 
lectures. Most students (84.2%) watched the lectures at a high-
er playback speed, but a small proportion of students (31.7%) 
skipped while watching the video. Most students (95.0%) re-
sponded that they watched hard-to-understand points repeat-
edly. No significant association was found between students 
increasing playback speed and skipping or watching repeatedly 
(p = 0.97, 0.53, respectively) ; however, most students (89.1%) 
did other things while watching video lectures. Multiple choice 
questions regarding the breakdown of “other things” revealed 
that 38 students (37.6%) used email / SNS, five students (5.0%) 
watched TV / videos, five students (5.0%) played games, five 
students chose others, and none of the students read books. 
Furthermore, among the five students who watched TV / videos 
and the five who played games, only one did both ; the remaining 
eight responses were from eight different students. Similarly, 
five students who chose “others” were different from those who 
chose watching TV / videos and playing games. 

Table 4 presents the evaluation results of on-demand video lec-
tures and simultaneous online classes. All the items, including 
general impression, comprehension, convenience, and whether to 
hope for the same format in the future, were significantly highly 
evaluated for on-demand video lectures. For on-demand video 
lectures, more than 95% of the respondents rated the general im-
pression, comprehension, and convenience as good or very good. 
In contrast, 82.2% responded to the item “hope for the same 
format in the future” with “agree” or “strongly agree,” which 
was lower than the previous three items. For on-demand video 
experimentation and simultaneous online experimentation, the 
numbers of respondents were 58 or 59 and 51 or 52, respectively. 
These were about half of the respondents in the on-demand video 
lectures and simultaneous online classes, resulting in a very low 
response rate. Therefore, they were excluded from subsequent 
analyses. 

Table 5 presents the relationship between student evaluation 
of on-demand video lectures and various student attributes 
(grade, gender, living environment, commute time, IT skills, and 
home network environment), students’ characteristics (sociable 
personality, active conversation during breaks, and good at 
morning classes), and how they watched on-demand video lec-
tures. The evaluation of the general impression and convenience 
of on-demand lectures by students living alone was significantly 
higher compared to that of students living with their parents 
(p = 0.049 and 0.002, respectively), and they strongly hoped 
for the same format in the future (p = 0.006). The evaluation 
of students who commuted to school for 10 minutes or less 
was significantly higher than that of students who commuted 
to school for longer than 10 minutes (p = 0.007 and 0.023, re-
spectively), and they hoped for the same format in the future 
(p = 0.023). The evaluation of students with 5 minutes or less 
commute time was significantly higher for all items compared 
to that of students with more than 5 minutes of commute time 
(p < 0.001). Students who evaluated themselves as having a so-
ciable personality significantly appreciated their comprehension 
and convenience and hoped for the same format in the future 
(p = 0.002, 0.010, and 0.008, respectively). However, there was 
no difference in general impressions between students who eval-
uated themselves as sociable and those who did not (p = 0.198). 
Students who evaluated themselves as active conversationalists 

22 How often do you work part-time?
  - (1) none, (2) 1 / month, (3) 2 / month, (4) 1 / week, (5) 2 / week, (6) 3 / week, (7) more

23 How often do you participate in club activities, including club activities outside the university?
  - (1) none, (2) 1 / month, (3) 2 / month, (4) 1 / week, (5) 2 / week, (6) 3 / week, (7) more

24 Tell us about your physical condition.
 Before the COVID-19 pandemic.  - (1) very bad, (2) bad, (3) good, (4) very good
 Around May 2021                           - (1) very bad, (2) bad, (3) good, (4) very good
Let us ask you about online classes.

25 What is your general impression of on-demand video lectures compared to face-to-face classes?
 - very bad, bad, good, very good

26 How is your comprehension of on-demand video lectures compared to face-to-face classes?
  - very bad, bad, good, very good

27 How do you find the convenience of on-demand video lectures compared to face-to-face classes?
  - very bad, bad, good, very good

28 Do you hope for on-demand video lectures even if after the COVID-19 pandemic ends?
  - strongly disagree, disagree, agree, strongly agree

29-40 The four questions above were asked in the same way, for simultaneous online classes, on-demand video experimentation, and 
simultaneous online experimentation, using the same choices for each category.
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Table 2.　Students’ characteristics

Sex (n = 101) Male Female

n 50 51

(%) (49.5) (50.5)

Grade (n = 101) Grade 3 Grade 4

n 53 48

(%) (52.5) (47.5)

Dwelling environment (n = 101) Parents’ house Single Other

n 31 70 0

(%) (30.7) (69.3) (0.0)

Commute time (n = 101) ≤ 5 5 <  ≤ 10 10 < ≤ 20 20 < ≤ 30 30 minutes < 

n 39 33 13 10 6

(%) (38.6) (32.7) (12.9) (9.9) (5.9)

Strongly Disagree Disagree Agree Strongly Agree

Good home network environment (n = 99)

n 0 4 42 53

(%) (0.0) (4.0) (42.4) (53.5)

Good at IT skills (n = 101)

n 5 45 36 15

(%) (5.0) (44.6) (35.6) (14.9)

Sociable personality (n = 99)

n 11 47 26 15

(%) (11.1) (47.5) (26.3) (15.2)

Active conversation during breaks (n = 101)

n 8 27 42 24

(%) (7.9) (26.7) (41.6) (23.8)

Not good at morning lectures (n = 101)

n 8 13 17 63

(%) (7.9) (12.9) (16.8) (62.4)

Table 3.　How to watch on-demand video lectures (n = 101)

Watch at high speed None A quarter Half Almost all

n 16 6 9 70

(%) (15.8) (5.9) (8.9) (69.3)

Skip None A quarter Half Almost all

n 69 13 12 7

(%) (68.3) (12.9) (11.9) (6.9)

Watch repeatedly Strongly disagree Disagree Agree Strongly agree

n 2 3 33 63

(%) (2.0) (3.0) (32.7) (62.4)

Do other things while watching None Seldom Sometimes Often

n 11 42 37 11

(%) (10.9) (41.6) (36.6) (10.9)

While 84% of students watched videos at high speed, only 31% of the students skipped video lectures ; 89% of students answered 
that they did something else while watching video lectures.
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Table 4.　 Comparison of on-demand video lectures and simultaneous online classes

Very bad Bad Good Very good p-value

General 
impression

OD
(n = 101)

1
(1.0)

4
(4.0)

50
(49.5)

46
(45.5)

< 0.001
ST

(n = 101)
4

(4.0)
30

(29.7)
58

(57.4)
9

(8.9)

Comprehension

OD
(n = 101)

1
(1.0)

4
(4.0)

50
(49.5)

46
(45.5)

< 0.001
ST

(n = 100)
3

(3.0)
31

(31.0)
59

(58.4)
7

(7.0)

Convenience

OD
(n = 101)

2
(2.0)

1
(1.0)

38
(37.6)

60
(59.4)

< 0.001
ST

(n = 101)
8

(7.9)
29

(28.7)
53

(52.5)
11

(10.9)

Strongly disagree Disagree Agree Strongly agree

Hope for the 
same format

OD
(n = 101)

3
(3.0)

15
(14.9)

35
(34.7)

48
(47.5)

< 0.001
ST

(n = 100)
18

(18.0)
30

(30.0)
42

(42.0)
10

(10.0)

The on-demand video lectures were highly evaluated by respondents in all four items (Wilcoxon signed-rank test). 
OD : on-demand video lectures, ST : simultaneous online classes

Table 5.　 Relationship between the evaluation of on-demand video lectures and various situations and students’ individualities

General impression Comprehension Convenience Hope for the same 
format

Grade 0.420 0.213 0.773 0.805

Sex 0.972 0.488 0.231 0.974

Living environment 0.049 0.262 0.002 0.006

Parents’ house 3.0 (3.0–4.0) 3.0 (3.0–4.0) 3.0 (2.5–3.5)

Single 3.5 (3.0–4.0) 4.0 (3.0–4.0) 4.0 (3.0–4.0)

Commute time A 0.007 0.227 0.023 0.023

≤ 10 minutes 4.0 (3.0–4.0) 4.0 (3.0–4.0) 4.0 (3.0–4.0)

> 10 minutes 3.0 (3.0–3.5) 3.0 (3.0–4.0) 3.0 (2.0–4.0)

Commute time B < 0.001 < 0.001 < 0.001 < 0.001

≤ 5 minutes 4.0 (3.0–4.0) 4.0 (3.0–4.0) 4.0 (4.0–4.0) 4.0 (3.0–4.0)

> 5 minutes 3.0 (3.0–4.0) 3.0 (3.0–4.0) 3.0 (3.0–4.0) 3.0 (3.0–4.0)

Home network  environment 0.791 0.650 0.565 1.000

IT skills 0.976 0.369 0.459 0.979

Morning lectures 0.053 0.032 0.054 0.081

good at morning lectures 3.0 (3.0–4.0) 3.0 (3.0–4.0) 3.0 (3.0–4.0) 3.0 (2.0–4.0)

not good at morning lectures 3.0 (3.0–4.0) 4.0 (3.0–4.0) 4.0 (3.0–4.0) 3.5 (3.0–4.0)

Active conversation during breaks 0.154 0.013 0.367 0.016

scarce 3.0 (3.0–4.0) 3.0 (2.5–4.0)

often 4.0 (3.0–4.0) 4.0 (3.0–4.0)

Sociable personality 0.198 0.002 0.010 0.008

no 3.0 (3.0–4.0) 3.0 (3.0–4.0) 3.0 (3.0–4.0)

yes 4.0 (3.0–4.0) 4.0 (3.0–4.0) 4.0 (3.0–4.0)

Watch at a high speed 0.046 0.186 0.221 0.132

no 3.0 (3.0–3.5)

yes 3.0 (3.0–4.0)

Watch by skipping 0.760 0.833 0.563 0.646

Watch repeatedly 0.602 0.666 0.513 0.602

Do other things while watching 0.011 0.013 0.025 0.093

none 4.0 (4.0–4.0) 4.0 (4.0–4.0) 4.0 (4.0–4.0) 4.0 (3.5–4.0)

yes (seldom ~  often) 3.0 (3.0–4.0) 3.0 (3.0–4.0) 4.0 (3.0–4.0) 3.0 (3.0–4.0)

The p-value of each item and the median value (interquartile range) for items less than p < 0.1 are shown (Mann–Whitney’s U test).
For analyses, we replaced the 4-point scale with the following numbers : “very bad 1, bad 2, good 3, very good 4” and “strongly disagree 1, 
disagree 2, agree 3, strongly agree 4.”
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during breaks significantly appreciated their comprehension 
and hoped for the same format in the future (p = 0.013 and 
0.016, respectively). Students who were not good at morning 
lectures evaluated their comprehension, general impression, 
and convenience of on-demand lectures higher than those who 
were good (p = 0.032, 0.053, and 0.054, respectively) and tended 
to hope for the same format in the future (p = 0.081). However, 
there was no significant relationship between students who were 
not good at morning lectures and how they watched on-demand 
lectures. The evaluation of the general impression of the lectures 
by students who increased the playback speed was significantly 
higher than that of those who did not (p = 0.046). Students who 
did not do other things while watching on-demand lectures had 
significantly higher evaluations of their general impressions, 
comprehension, and convenience compared to students who did 
other things while watching the lectures (p = 0.011, 0.013, and 
0.025, respectively). Conversely, students who did not do other 
things while watching on-demand lectures tended to have a 
higher evaluation of their hope for the same format in the future 
than those who did other things, but not significantly (p = 0.093). 
Grade, gender, IT skills, and whether to skip or watch the lecture 
video repeatedly did not have a significant effect on students’ 
evaluations of the items.

Table 6 presents changes in lifestyles before and after the 
COVID-19 pandemic. Wake-up time was 7.0 (7.0–8.0) hours 
(before) and 9.0 (8.0–0.0) hours (after), bedtime was 24.0 (24.0–
25.0) hours (before) and 26.0 (24.0–26.0) hours (after), respec-
tively, with a median delay of 2 hours (both p < 0.001). Table 6 
also includes changes in lifestyles before and after the COVID-
19 pandemic. Regarding other lifestyle habits, the duration 
of using smartphones, duration of reading books, duration of 
playing video games, duration of watching TV / videos, and the 
frequency of part-time jobs increased significantly, while the fre-
quency of club activities decreased significantly. Furthermore, 
the daily time spent exercising tended to decrease. There was no 
change in the physical condition by self-evaluation.

Regarding the relationship between changes in wake-up time 
and bedtime before and after the COVID-19 pandemic and the 
evaluation of on-demand lectures, 16 students (16.0%) reported 
no change or an earlier wake-up time, and 84 students (84.0%) 
reported waking up one hour later. There were 36 students 

(35.6%) who went to bed at the same time or earlier, and 65 
students (64.4%) who went to bed one hour or more later. Gen-
eral impressions of on-demand lectures tended to be higher for 
those who went to bed at the same time or earlier than those 
who went to bed one hour later (p = 0.087). Post hoc analyses 
compared students whose wake-up time and bedtime were de-
layed by 2 hours or more (n = 55 and 37, respectively) with those 
whose wake-up time and bedtime did not change or become 
earlier (n = 16 and 36, respectively). The analyses showed that 
students whose wake-up time and bedtime were the same or ear-
lier tended to give higher scores (p = 0.074, 0.086, respectively). 
Regarding the degree of comprehension, convenience, and hope 
for the same format using on-demand lectures, no relationship 
was found with changes in wake-up time and bedtime by 1 hour 
or more. 

There were a few significant differences in the evaluation 
of simultaneous online lectures (not shown in the table). The 
students with a commute time of 10 minutes or less evaluated 
their hope for the same format in the future highly (p = 0.044) 
and tended to evaluate general impressions higher (p = 0.084), 
and students who were not good at morning lectures tended to 
appreciate convenience (p = 0.071). Students who went to bed one 
or more hours later tended to feel that online lectures were more 
convenient than those who did not (p = 0.068). All other items 
had no significant effect at p > 0.1.

The results of the multiple regression analyses are shown 
in Table 7. Regarding general impressions, students who were 
not good at morning lectures, students who watched videos at 
high speed, students who had shorter commute time, students 
who did not do other things while watching, and students whose 
wake-up time changed slightly rated the lectures highly (Table 
7A). Students who were more active during breaks, who had 
shorter commute time, and who did not do other things while 
watching rated comprehension higher (Table 7B). Furthermore, 
students who evaluated themselves as sociable, who had shorter 
commute time, and who did not do other things rated conve-
nience higher (Table 7C). Regarding whether they hope for the 
same format in the future, students who were less comfortable 
with morning lectures and those who had shorter commute 
times rated it higher (Table 7D). 

Table 6.　 Changes in waking time, bedtime, and other lifestyle habits before and after the COVID-19 pandemic

Median (interquartile range)
p value

pre post

Wake-up hour 7.0 (7.0 - 8.0) 9.0 (8.0 - 10.0) < 0.001

Bedtime hour 24.0 (24.0 - 25.0) 26.0 (24.0 - 26.0) < 0.001

Physical condition 3.0 (3.0 - 4.0) 3.0 (3.0 - 4.0) 0.869

Duration of using smartphones (hours / day) 4.0 (3.0 - 5.0) 5.0 (4.0 - 6.0) < 0.001

Duration of watching TV/video (hours / day) 2.0 (2.0 - 3.0) 3.0 (3.0 - 4.0) < 0.001

Duration of playing video games (hours / day) 1.0 (1.0 - 2.0) 1.0 (1.0 - 3.0) 0.002

Duration of reading books (hours / day) 1.0 (1.0 - 1.0) 1.0 (1.0 - 2.0) < 0.001

Frequency of part-time jobs 4.0 (1.0 - 6.0) 5.0 (3.0 - 6.0) < 0.001

Frequency of club activities 5.0 (1.0 - 6.0) 1.0 (1.0 - 3.0) < 0.001

Daily time to exercise (hours / day) 2.0 (1.0 - 2.0) 1.0 (1.0 - 2.0) 0.073

Wilcoxon signed-rank test.
For analyses, we replaced the 4-point scale of “Physical condition” with the following numbers :  “very bad 1, bad 2, good 
3, very good 4” and “Frequency of part-time jobs/club activities” “none 1, 1 / month 2, 2 / month 3, 1 / week 4, 2 / week 5, 
3 / week 6, more 7.”
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DISCUSSION
We conducted an online questionnaire survey targeting third- 

and fourth-grade medical students at Tokushima University 
who have experienced both face-to-face traditional education 
and online education. Generally, pre-recorded lectures were 
rated higher than live online classes. A notable finding in the 
multivariate analysis was that medical students who did not do 
other things while watching video lectures evaluated their gen-
eral impression, comprehension, and convenience significantly 
higher than those who did other things while watching. Further-
more, those with shorter commute times, those who were not 
good at morning lectures, those who increased playback speed, 
those who had smaller wake-up time differences, those who were 

active conversationalists during breaks, and those with sociable 
personalities rated pre-recorded video lectures highly.

On-demand video lectures were significantly highly evaluat-
ed, and the number of students who hoped for the same format 
in the future was as high as 82.2% (Table 4). Conversely, 52.0% 
of the respondents hoped for synchronous online classes in the 
future. Stoehr et al. reported that almost no student wanted 
online classes before COVID-19 (mean of 14%), but after the 
COVID-19 pandemic, the number of students who hoped for 
online learning increased (mean of 42%) (22). Furthermore, 
Tayem et al. conducted a questionnaire survey with medical 
students who were exposed to COVID-19 and found that only 
28.6% wanted completely online classes after the pandemic, 
whereas 73.3% of the students wanted partial online classes (23). 

Table 7.　 Multiple regression analysis

A) General Impression

Partial regression 
coefficient

95% confidence interval
p value

lower upper

Commute time -0.176 -0.265 -0.087 < 0.001

Morning lectures 0.198 0.085 0.310 0.001

Watch videos at high speed 0.142 0.003 0.049 0.234

Difference in wake-up time -0.097 -0.160 -0.033 0.003

Do other things while watching videos -0.152 -0.281 -0.023 0.021

Variables : living environment, commute time, morning lecture, active conversation, watch videos at high speed, do other 
things, sociable personality, difference in wake-up time, difference in bedtime

B) Comprehension

Partial regression 
coefficient

95% confidence interval
p value

lower upper

Active conversation 0.195 0.056 0.334 0.006

Commute time -0.184 -0.332 -0.036 0.015

Do other things while watching videos -0.116 -0.218 -0.013 0.027

Variables : commute time, morning lecture, active conversation, sociable personality, watch videos at high speed, do other 
things

C) Convenience

Partial regression 
coefficient

95% confidence interval
p value

lower upper

Commute time -0.140 -0.240 -0.041 0.006

Sociable personality 0.179 0.045 0.313 0.009

Do other things while watching videos -0.160 -0.302 -0.018 0.028

Variables living environment, commute time, morning lecture, sociable personality, do other things

D) Hope for the same format

Partial regression 
coefficient

95% confidence interval
p value

lower upper

Commute time -0.193 -0.322 -0.064 0.004

Morning lecture 0.183 0.021 0.345 0.028

Variables : living environment, commute time, morning lecture, active conversation, sociable personality, watch videos at high 
speed, do other things
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Al-Balas et al. (9) reported that 5.2% of students desired complete 
e-learning, 75.6% desired a mixed format, and 19.4% desired 
traditional learning, indicating most students wanted a hybrid 
format. Kim et al. (24) reported that 62.2% of students preferred 
online classes, whereas 29.5% preferred offline classes ; they 
also reported that, of the students who preferred online classes, 
75.5% preferred recorded video lectures and 11.3% preferred live 
online classes, indicating that an overwhelming majority pre-
ferred recorded video lectures. Additionally, they reported that 
38.8% of students hoped for online classes in the future, even 
after the COVID-19 pandemic is over ; 45.5% hoped for blended 
classes ; and 15.7% hoped for offline classes (24). In their report, 
84.3% of students hoped for full or partially online classes in the 
future. Our survey also showed that 82.2% of students hoped for 
pre-recorded video lectures in the future ; therefore, this result 
agrees with that of Kim et al.

Students who did not do other things while watching video lec-
tures rated on-demand lectures significantly higher than those 
who did other things while watching the lectures (Table 5, Ta-
bles 7A-C). Many students wanted on-demand education ; how-
ever, students who evaluated on-demand education highly were 
not those who were less engaged but those who could concentrate 
on learning. High appreciation of on-demand lectures, from stu-
dents who do not do other things while watching, supports the 
continuation and development of future online classes. However, 
31% of students skipped watching online classes, and 89% of stu-
dents did other things while watching online classes. Further-
more, many students who do other things while watching online 
classes have a relatively lower evaluation of online classes ; thus, 
this result means that the quality of education in the current 
online classes is low. Video learning is superior to face-to-face 
lectures in certain aspects, such as easy accessibility, a safe and 
comfortable environment, time flexibility, and repeated access, 
but learning through video lectures has a drawback : students 
are prone to concentration loss (8). Dong et al. claimed that the 
most important aspect of online lectures is attracting students 
(15). Therefore, educators will be required to devise more at-
tractive lectures so that students do not do anything else while 
watching video lectures or to encourage students to watch online 
classes through interactive communication between teachers 
and students and formative evaluation of students’ level of under-
standing and attainment.  

Active conversationalists during breaks and sociable students 
highly rated comprehension and hope for the same format after 
the COVID-19 pandemic ends (Table 5). In the multivariate 
analyses, active conversationalists during breaks rated compre-
hension (Table 7B), whereas sociable students rated convenience 
(Table 7C). We assumed that students who enjoyed break-time 
conversations would underestimate video lectures because 
video lectures would reduce their chances of meeting friends 
in the classroom, but the results were the opposite. Stoehr et al. 
reported that medical students find it difficult to build relation-
ships with classmates because online classes can lead to social 
isolation (22). Thus, students who are not active conversation-
alists tend to be socially isolated and have a great disadvantage 
when taking online classes. In contrast, students who are active 
conversationalists could avoid “isolation” by actively meeting 
their peers outside the classroom and contacting them through 
various means, such as social media, thereby reducing the disad-
vantages of online classes. This may be the reason students who 
are social and active conversationalists can appreciate online 
classes. Nonetheless, extra care should be taken in online classes 
to prevent isolation, especially for less sociable students.

Students with shorter commute times rated on-demand class-
es significantly higher on all four items of on-demand classes in 
the multivariate analysis (Tables 7A-D). Regarding the living 

environment, students living alone evaluated their general im-
pression and convenience highly and significantly hoped for the 
same format in the future (Table 5). Ibrahim et al. (25) asserted 
that 59.2% of students agreed that online classes would save 
time, while AlQhtani et al. (26) reported that 60.4% of students 
found it convenient. Tayem et al. (23) also reported that 78.2% 
of students agreed that online lectures offer flexibility and 
convenience. Students who spend a lot of time commuting to 
school were expected to appreciate online classes, but the results 
indicated the opposite. A possible reason is that all students who 
commute to school for less than 5 minutes live alone—91.7% 
of students with a commute time of fewer than 10 minutes live 
alone. Concentrating on online lessons while living with fam-
ily is challenging (11, 15) and as a result, students who spend 
considerable time commuting to school, that is, students who 
live with their families, may have a lower evaluation of online 
classes. Another possible reason is that if students need to attend 
lectures or experiments at the university, those living far away 
from the university might not be able to return home in time and 
might attend them in the university library. In that case, the ad-
vantages of online learning are not being utilized at all ; rather, 
its disadvantages increase. Therefore, to avoid this when using 
both online and face-to-face classes, separating the days of online 
and face-to-face classes is crucial.

Students who were not good at morning classes valued on-de-
mand lectures highly, which is understandable. Conversely, 
students who were not good at morning classes did not skip or 
do other things. This was a statistically significant result ; this 
time flexibility can be considered an advantage of video lectures, 
as students can access them at any time. 

Many students had later wake-up times, consistent with pre-
vious studies (Table 6) (16, 19, 20). Interestingly, when compar-
ing students whose wake-up time did not change or conversely 
became earlier with those whose rhythms changed (i.e., woke up 
later or went to bed later), the former rated on-demand classes 
more highly than the latter. To the best of our knowledge, no 
studies have investigated the relationship between changes in 
daily life rhythm and class evaluations, and the present study’s 
findings shed a positive light on on-demand classes.

Compared to on-demand lectures, there were only a few dif-
ferences in synchronous classes. Of the 60 items in total, only 4 
had a difference of p < 0.1. Additionally, only one item showed a 
significant difference at p < 0.05 (future prevalence of students 
whose commute time was 10 minutes or less). If it were a true 
difference, that would mean that people living nearby appreciate 
online live classes as well as on-demand video classes. However, 
unlike the evaluation of on-demand classes, there was no dif-
ference between students with a commute time of 5 minutes or 
less and more than 5 minutes, and no difference was found for 
the living environment either. As the p-value of the future prev-
alence of students whose commute time was 10 minutes or less 
was also high at p = 0.044, the possibility of an accidental result 
cannot be denied.

Limitations
There are several limitations to this study. First, the valid 

response rate was only 42.8%. Second, there was a bias between 
the male and female respondents. Both of these limitations can 
lead to self-selection bias ; therefore, future studies with high 
response rates are needed to confirm our findings. Third, this 
survey did not investigate the learning achievement of students 
through online classes, so the educational effects of online 
classes could not be verified. Fourth, this survey was performed 
during the COVID-19 pandemic ; therefore, the student re-
sponses may be strongly influenced by a desire to ensure safety 
against infectious diseases. Additionally, because the university 
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decided on whether to provide learning as video lectures or on-
time lectures, a lecture with an originally low evaluation may 
have been given as a live lecture, and it may not be the result of 
a simple comparison between video lectures and online live lec-
tures. Nevertheless, the fact that students who did not do other 
things while video learning evaluated video lectures highly is 
the most meaningful finding of this study. 

Conclusion
We found that medical students generally highly rate online 

education. It showed that video lectures were rated higher than 
synchronous classes, and students who did not do other things 
while watching video lectures evaluated these lectures highly 
compared to those who did other things. Although this implies 
that students who are committed to learning tend to appreciate 
video lectures more than those who are less motivated, currently, 
many students do other things during recorded video classes, 
and some kind of improvement measures are required to con-
duct effective recorded video classes. To confirm these findings, 
future studies need to conduct surveys with (1) higher response 
rates, (2) RCTs that compare recorded video lectures and face-to-
face lectures with the same content, and (3) RCTs that compare 
recorded video lectures and online live lectures with the same 
content. 
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